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Background Information:

The Mathematics Standards of Learning were developed in 1995 and revised in 2001. The

Standards of Quality require the Board of Education to review the Standards of Learning on a

regular schedule. The Mathematics Standards of Learning are scheduled for review in 2009. As

a result, on February 21, 2008, the Board approved a plan to review these standards during the

2008-2009 academic year. In accordance with the plan, the Department of Education took the

following steps to produce a draft of the proposed revised Mathematics Standards of Learning

for the Board’s first review:

e Received online comments from stakeholders, including teachers, parents, and
administrators;

e Met with a teacher review committee that consisted of recommended individuals solicited
from school divisions on August 5, 6, and 7, 2008, to review the public comment and
consider recommendations and reports from Achieve, the College Board, ACT, as well 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, the Singapore Curricula, and the Report of
the President’s National Mathematics Advisory Panel;

e Solicited a postsecondary review committee comprised of mathematics and mathematics
education faculty and met with the review committee on August 20, 2008;

e Solicited business leaders review committee and sent a summary of the public comment with
the current Mathematics Standards of Learning, requesting comments; and

e Developed a draft of the proposed revised Mathematics Standards of Learning.

On October 23, 2008, the Virginia Board of Education accepted the proposed revised standards
for first review. The Board held two public hearings on Monday, December 1, 2008, and three
public hearings on Wednesday, December 3, 2008, to solicit comments on the proposed revised
Mathematics Standards of Learning. The public hearings were held at Pulaski County High
School, Pulaski County; Hermitage High School, Henrico County; Robinson Secondary School,
Fairfax County; Joliff Middle School, Chesapeake City; and Linkhorne Middle School,
Lynchburg City. There were a total of 46 speakers. In addition to comments received at the
public hearings, 224 comments were received either online or as letters and faxes.

The proposed revised Mathematics Standards of Learning in Attachment A contain changes
made as a result of public comment. These changes are indicated by double underlines and
strikethroughs. A more detailed review of public comments is contained in Attachment B.

Summary of Major Elements:
The attached draft of the proposed revised Mathematics Standards of Learning consists of the
following elements:

Introduction

The Standards of Learning for mathematics identify academic content for essential
components of the mathematics curriculum at different grade levels for Virginia’s public
schools. 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 or topics are included. These content strands are
Number and Number Sense; Computation and Estimation; Measurement; Geometry;
Probability and Statistics; and Patterns, Functions, and Algebra. The Standards of Learning
for each strand progress in complexity at each grade level and throughout the high school
courses.

Goals

The Mathematics Standards of Learning address all students’ needs today for stronger
mathematical knowledge and skills to pursue higher education, to compete in a
technologically-oriented work force, and to be informed citizens. Students must gain an
understanding of fundamental ideas in arithmetic, measurement, geometry, probability, data
analysis and statistics, and algebra and functions, and develop proficiency in mathematical
skills. In addition, students must learn to use a variety of methods and tools to compute,
including paper and pencil, mental arithmetic, estimation, and calculators. The content of the



mathematics standards is intended to support the following five goals for students: becoming
mathematical problem solvers, communicating mathematically, reasoning mathematically,
making mathematical connections, and using mathematical representations to model and
interpret practical situations.

Strands/Reporting Categories

The Mathematics Standards of Learning for each grade level kindergarten through Grade 8,
Algebra I, Geometry, and Algebra II are grouped into categories that address related content
and skills.

Standards
The Mathematics Standards of Learning for Virginia public schools describe the
Commonwealth's expectations for student learning and achievement in grades K-12.

Summary of the Proposed Revised Mathematics Standards of Learning
The major elements of the attached proposed revised Mathematics Standards of Learning
include:
e Edits to enhance clarity, specificity, rigor, alignment of skills and content, and a
reflection of the current academic research and practice;
e Emphasis on vertical alignment in grades K-7 to prepare students for Algebra I;
e Increased alignment of Algebra I and Algebra II; and
e Increase of focus at each grade level.

Superintendent’s Recommendation:
The Superintendent of Public Instruction recommends that the Board of Education adopt the
proposed revised Mathematics Standards of Learning.

Impact on Resources:

This responsibility can be absorbed by the agency’s existing resources at this time. If the agency
is required to absorb additional responsibilities related to this activity, other services may be
impacted.

Timetable for Further Review/Action:
Upon approval of the Mathematics Standards of Learning, the Department of Education will post
the document on the Department’s Standards of Learning Web site.
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Attachment A

Foreword

The Standards of Learning in this publication represent a majer significant development in public
education in Virginia. These standards focus on the mathematical knowledge and skills all students
need for the future, and they have been aligned with national expectations for postsecondary success.
The Standards of Learning provide a framework for instructional programs designed to raise the
academic achievement of all students in Virginia and are an important part of Virginia’s efforts to
provide challenging educational programs in the public schools.

The Standards of Learning set reasonable targets and expectations for what teachers need to teach
and students need to learn. The standards are not intended to encompass the entire curriculum for a
given grade level or course or to prescribe how the content should be taught; the standards are to be
incorporated into a broader, locally designed curriculum. Teachers are encouraged to go beyond the
standards and select instructional strategies and assessment methods appropriate for their students.

The Standards of Learning are recognized as a model for other states. They were developed through
a series of public hearings and the efforts of parents, teachers, representatives from higher education
offietals, and representatrves-of business and industry leaders. The standards set clear, concise, and
measurable academic expectations for young people. Parents are encouraged to work with their
children to help them achieve these academic standards.

A major objective of Virginia’s educational agenda is to give the citizens of the eCommonwealth a
program of public education that is among the best in the nation and that meets the needs of all
young people in the eCommonwealth. These Standards of Learning chart the course for achieving
that objective.

Proposed Revised Mathematics Standards of Learning
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Mathematics Standards of Learning
Introduction

The Standards of Learning for mathematics identify academic content for essential components
of the mathematics curriculum at different grade levels for Virginia’s public schools.
Recommendations and reports from Achieve, the College Board, and ACT, as well 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, the Singapore Curricula, 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 or topics are included. These content strands are Number and Number
Sense; Computation and Estimation; Measurement; Geometry; Probability and Statistics; and
Patterns, Functions, and Algebra. The Standards of Learning for each strand progress in
complexity at each grade level and throughout the high school courses.

The Mathematics Standards of Learning Curriculum Framework is a companion document to
the Mathematics Standards of Learning that amplifies the Mathematics Standards of Learning
and defines the content knowledge, skills, and understandings that are measured by the Standards
of Learning assessments. The Curriculum Framework provides additional guidance to school
divisions and their teachers as they develop an instructional program appropriate for their
students. It assists teachers as they plan their lessons by identifying essential understandings,
defining essential content knowledge, and describing the intellectual skills students need to use.
This supplemental framework delineates in greater specificity the minimum content that all
teachers should teach and all students should learn.

The Standards of Learning are not intended to encompass the entire curriculum for a given grade
level or course or to prescribe how the content should be taught. Teachers are encouraged to go
beyond the standards and to select instructional strategies and assessment methods appropriate
for their students.

Goals

Students today require stronger mathematical knowledge and skills to pursue higher education,
to compete in a technologically-eriented sophisticated work force, and to be informed citizens.
Students must gain an understanding of fundamental ideas in arithmetic, measurement,
geometry, probability, data analysis and statistics, and algebra and functions, and develop
proficiency in mathematical skills. In addition, students must learn to use a variety of methods
and tools to compute, including paper and pencil, mental arithmetic, estimation, and calculators.
Graphing utilities, spreadsheets, calculators, computers, and other forms of electronic
information technology are now standard tools for mathematical problem solving in science,
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February 19, 2009
Page 2
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engineering, business and industry, government, and practical affairs. Hence, the use of
technology must be an integral part of teaching, and learning, and assessment. However, facility
in the use of technology shall not be regarded as a substitute for a student’s understanding of
quantitative concepts and relationships or for proficiency in basic computations. The teaching of
computer/technology skills should be the shared responsibility of teachers of all disciplines.

The content of the mathematics standards is intended to support the following five 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-life data and situations within and outside mathematics and then apply appropriate
strategies to find an acceptable solution. 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 become competent mathematical problem solvers.

Mathematical Communication

Students will use the language of mathematics, including specialized vocabulary and symbols, to
express mathematical ideas precisely. Representing, discussing, reading, writing, and listening to
mathematics will help students ¢e clarify their thinking and deepen their understanding of the
mathematics being studied.

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 learn to apply proportional and spatial reasoning and to reason from a
variety of representations such as graphs, tables, and charts.

Mathematical Connections

Students will relate concepts and procedures from different topics in mathematics to one another
and see mathematics as an integrated field of study. Through the application of content and
process skills, students will make connections between different areas of mathematics and
between mathematics and other disciplines, especially science. Science and mathematics
teachers and curriculum writers are encouraged to develop mathematics and science curricula
that reinforce each other.

Proposed Revised Mathematics Standards of Learning
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Mathematical Representations

Students will represent and describe mathematical ideas, generalizations, and relationships with a
variety of methods. Students will understand that representations of mathematical ideas are an
essential part of learning, doing, and communicating mathematics. Students should move easily
among different representations—graphical, numerical, algebraic, verbal, and physical—and
recognize that representation is both a process and a product.

Proposed Revised Mathematics Standards of Learning
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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
nonstandard and standard measurement, collect data, and create graphs. The idea of fractions is
introduced.

While learning mathematics, students will be actively engaged, using concrete materials and
appropriate technologies such as calculators and computers. However, facility in the use of
technology shall not be regarded as a substitute for a student’s understanding of quantitative
concepts and relationships or for proficiency in basic computations.

Mathematics has its own language, and the acquisition of specialized vocabulary and language
patterns is crucial to a student’s understanding and appreciation of the subject. Students should
be encouraged to use correctly the concepts, skills, symbols, and vocabulary identified in the
following set of standards.

Problem solving has been integrated throughout the six content strands. The development of
problem-solving skills should be a major goal of the mathematics program at every grade level.
Instruction in the process of problem solving will need to be integrated early and continuously
into each student’s mathematics education. Students must be helped to develop a wide range of
skills and strategies for solving a variety of problem types.

Number and Number Sense
(Focus: Whole Number Concepts)

K.1 The student, given two sets each containing +8- 28 10 or fewer concrete objects, will
identify and describe one set as having more, fewer, or the same number of members
as the other set, using the concept of one-to-one correspondence.

K.2 The student, given a set containing +6-29 15 or fewer concrete items, will
a) tell how many are in the set by counting the number of items orally;
e b) write the numeral to tell how many are in the set; and
by c) select the corresponding numeral from a given set of numerals=and-.

K.3 The student, given an ordered set of three ten objects and/or pictures, will indicate the
ordinal position of each item, first through third tenth, and the ordered position of
each item from left-to-right, right-to-left, top-to-bottom, and/or bottom-to-top.

K4 T 1 " : 1 . ; e b b
30;using-conerete-objeets-and-a-caleulator- [Moved to new SOL K.4 c]
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K5 K.4 The student will count
a) count forward to 30 100 and backward from 48 39 10;
b) identify one more than and one less than a number; and

¢) count by fives and tens to 36-100 using-conerete-objeets-and-a-calenlator. [Move

to Curriculum Framework]

K.5 The student will identify the part of a set and/or region that represents a fraction for
halves and fourths.

Computation and Estimation
(Focus: Whole Number Operations)

K.6 The student will model adding and subtract ing whole numbers, usmg up to 10

Measurement
(Focus: Instruments and Attributes)

K.7 The student will recognize a penny, nickel, dime, and quarter and will determine the
value of a collection of pennies and/or nickels whose total value is 10 cents or less.

K.8 The student will identify the instruments used to measure length (ruler), weight
(scale), time (clock: digital and analog; calendar: day, month, and season), and
temperature (thermometer).

K.9 The student will tell time to the hour, using an analog ef and digital clock.

K.10 The student will compare two objects or events, using direct comparisons or
nonstandard units of measure, according to one or more of the following attributes:
length (shorter, longer), height (taller, shorter), weight (heavier, lighter), temperature
(hotter, colder). Examples of nonstandard units include foot length, hand span, new
pencil, paper clip, block.

Geometry
(Focus:ddentity Plane Shapes)

K.11 The student will
a) identify; and describesand trace and-draw twe~dimensienal {planej geometric
figures (circle, triangle, square, and rectangle)- ; and
b) compare the size (larger, smaller) and shape of plane geometric
figures (circle, triangle, square, and rectangle).

Proposed Revised Mathematics Standards of Learning
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K.12 The student will describe the location of one object relative to another (above, below,
next to) and identify representations of plane geometric figures (circle, triangle,
square, and rectangle) regardless of their position and orientation in space.

ﬁg&ms—(e&ele—m&ng}e—sq&afe—aﬂd—feemﬂg}e)— [Moved to new SOL K. 11 b]

Probability and Statistics
(Focus: Data Collection and Display)

K14 K.13 The student will gather data relating-tofamiliarexperienees by counting and tallying.

K15 K.14 The student will display gathered data in ebjeetsandinformationustng object
graphs, pieterial picture graphs, and tables, and will answer questions related to the

data.

Patterns, Functions, and Algebra
(Focus: Attributes and Patterning)

K37 K16 K.15 The student will sort and classify objects according to similar-attributes
(size;-shape,and-eolor). [Move to Curriculum Framework]

K8 KF K.16 The student will identify, describe, and extend a repeating and-growing
relationship patterns found-in-common-objeets; soundsand-movements. [Move to

Curriculum Framework]

Proposed Revised Mathematics Standards of Learning
February 19, 2009
Page 7



Attachment A

Grade One

The first-grade standards place emphasis on counting, sorting, and comparing sets of up to 100
objects; recognizing and describing simple repeating and growing patterns; and drawing; tracing,
describing and sorting twe-dimenstenal plane geometric figures. Students’ understanding of
number is expanded through learning and applying the basic addition facts through the fives
nines table and the corresponding subtraction facts; using nonstandard and standard units to
measure; and organizing and interpreting data. Fhe-idea-offractionsis-introduced- [Moved to
Kindergarten.] Fractional concepts are expanded.

While learning mathematics, students will be actively engaged, using concrete materials and
appropriate technologies such as calculators and computers. However, facility in the use of
technology shall not be regarded as a substitute for a student’s understanding of quantitative
concepts and relationships or for proficiency in basic computations.

Mathematics has its own language, and the acquisition of specialized vocabulary and language
patterns is crucial to a student’s understanding and appreciation of the subject. Students should
be encouraged to use correctly the concepts, skills, symbols, and vocabulary identified in the
following set of standards.

Problem solving has been integrated throughout the six content strands. The development of
problem-solving skills should be a major goal of the mathematics program at every grade level.
Instruction in the process of problem solving will need to be integrated early and continuously
into each student’s mathematics education. Students must be helped to develop a wide range of
skills and strategies for solving a variety of problem types.

Number and Number Sense
(Focus: Place Value and Fraction Concepts)

1.1 The student will
a) count ebjeets-in-a-givenset-containing betweentand from 0 to 100 ebjeets and
write the corresponding numeral-; and
b) group a collection of up to 100 objects into tens and ones and write the
corresponding numeral to develop an understanding of place value.

new SOL 1.1 b]

+3 1.2 The student will count forward by ones, twos, fives, and tens to 100sby=txeste20
and backward by ones from 20 30.

+4 Thestudent-will recognize-and-write numerals-0-through100- [Moved to new SOL
1.1 a]

Proposed Revised Mathematics Standards of Learning
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ofebjeets: [Moved to new SOL K.3]

+6 1.3  The student will identify and-represent-the-concepts-ofone-halfand onefourth;using
appropriate-matertals-ora-drawing: the part of a set and/or region that represents a

fraction for halves, thirds, and fourths and write the fraction.

Computation and Estimation
(Focus: Whole Number Operations)

+71.4  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, and 500); and
b) explain the reasonableness of hister the choice.

1815 The student will recall basic basie addition facts ==es with sums to +0-18 or less and
the corresponding subtraction facts.

+9 1.6  The student will create and solve one-step story and picture problems iavelsineene-
step-selutiens; using basic baste addition facts with sums to 18 or less and the
corresponding subtraction facts.

Measurement
(Focus: Time and Nonstandard Measurement)

110 1.7 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 pennies, nickels, and dimes whose total
value is 100 cents or less.

1.8 The student will tell time to the half-hour, using an analog e and digital clock.

S

1.9 The student will use nonstandard units to measure length, ard weight/mass and
volume.

443 1.10 The student will compare_using the concepts of more, less, and equivalent,
a) the volumes of two given containers by-usingeconerete-materials{e-gjelly-beans;
sand;-water;riee} [Move to Curriculum Framework] —; and
b) the weight/mass of two objects, using a balance scale.

k

[Moved to new SOL 1.10 b]

11 The student will use calendar language appropriately (e.g., months, today,
yesterday, next week, last week).
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Geometry
(Focus: Characteristics of Plane Figures)

above, up, down, beside. and next to). |Move to Currlculum Framework]
116 1.12 The student will drass=—deseribeandsertplane-geometriefiguresy identify and trace,

describe, and sort plane geometrlc figures (trlangle square, rectangle and circle)
accordmg to number of 31des eerners vertices, and square-corners right angles.

+17 1.13 The student w111 rdeﬂﬂ-ﬁy construct, model and describe objects in histher the
environment asingshapes-a as geometric shapes that-depietplane
seometriefigures ( rlangleg re:ctangleE square, and circle) (triangle;reetanglesquare;
and-etrele) and explain the reasonableness of the choice. Pdevete-Currienlum
Eramework]

Probability and Statistics
(Focus: Data Collection and Interpretation)

+18 1.14 The student will investigate, identify, and describe various forms of data collection in
histher the world (e.g., recording daily temperature, lunch count, attendance, and
favorite ice cream), using tables, picture graphs, and object graphs.

+19 1.15 The student will interpret information displayed in a picture or object graph,
using the vocabulary more, less, fewer, greater than, less than, and equal to.

Patterns, Functions, and Algebra
(Focus: Patterning and Equivalence)

+206 1.16 The student will sort and classify concrete objects according to one or more attributes,
including color, size, shape, and thickness.

+21 1.17 The student will recognize, describe, extend, and create a wide variety of patterns

includingrhythmie,eolor,shape;-and numericalPatterns-willinelade both [Move to
Curriculum Framework] growing and repeating patterns.-Cenerete-materials-and

calenlators-will be-used-by-students [Move to Curriculum Framework]

—
[—
00]

The student will reeegnize demonstrate an understanding of equality through the use
of the equal sign as-arepresentationofeguivaleney.
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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 (three-dimenstonal) figures. Students will continue to learn,
use, and gain proficiency in the basic addition facts through the sises tens table and the
corresponding subtraction facts. Students will begin to use standard U.S. Customary and metric
units of measuressest; predict, using simple probability; and create and interpret picture and bar
graphs. Students will work with a variety of patterns and will develop knowledge of equality by
identifying missing numbers in addition and subtraction facts.

While learning mathematics, students will be actively engaged, using concrete materials and
appropriate technologies such as calculators and computers. However, facility in the use of
technology shall not be regarded as a substitute for a student’s understanding of quantitative
concepts and relationships or for proficiency in basic computations.

Mathematics has its own language, and the acquisition of specialized vocabulary and language
patterns is crucial to a student’s understanding and appreciation of the subject. Students should
be encouraged to use correctly the concepts, skills, symbols, and vocabulary identified in the
following set of standards.

Problem solving has been integrated throughout the six content strands. The development of
problem-solving skills should be a major goal of the mathematics program at every grade level.
Instruction in the process of problem solving will need to be integrated early and continuously
into each student’s mathematics education. Students must be helped to develop a wide range of
skills and strategies for solving a variety of problem types.

Number and Number Sense
(Focus: Place Value, Number Patterns, and Fraction Concepts)

2.1 The student will
a) read, write, and identify the place value of each digit in a three-digit numeral,
using numeration models; ané
b) round two-digit numbers to the nearest ten-; and
¢) compare two whole numbers between 0 and 999, using symbols (>, <, or
=) and words (greater than, less than, or equal to).

> OF= 5 5 - [Moved to ne SOL 2.1 c]

23 2.2 The student will
a) identify the ordinal positions first through twentieth, using an ordered set of
objects; and-
b) write the ordinal numbers.

Proposed Revised Mathematics Standards of Learning
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The student will
a) identify the part of a set and/or region that represents a fractions for ene-half-one-
third;-one-fourth;-one-etghth;-and-one-tenth halves, thirds, fourths, sixths, eighths,

and tenths;

write the eerrespending fraction; and-

compare the unit fractions for halves, thirds. fourths, sixths, eighths. and
tenths.

e

The student will
a) count forward by twos, fives, and tens to 100, starting at various multiples of 2, 5,
or 10: using mental mathematics. paper and pencil, hundred chart. caleulators,

and/er-conerete-objeets,-asappropriate [Move to Curriculum Framework] ;
b) count backward by tens from 100 and

& 4 recognize even and odd numbers—usmg—ebjeets [Move to Curriculum
Framework]

Computation and Estimation
(Focus: Number Relationships and Operations)

26 2.5

27 2.

The student will recall basie addition facts==es with sums to +8 20 or less and the
corresponding subtraction facts.

The student, given two whole numbers whose sum is 99 or less, will
a) estimate the sum; and

b) find the sum, using various methods of calculation. (mental-computation;-conerete
matertalsand paper-andpeneid). [Move to Curriculum Framework]

28 2.7 The student, given two whole numbers, each of which is 99 or less, will

a) estimate the difference; and
b) find the difference, using various methods of calculation. tmental-computation;

conerete-materials;-and-paper-and-penet [Move to Curriculum Framework]

29 2.8 The student will create and solve one- or two-step addition and subtraction problems

using data from simple tables, picture graphs, and bar graphs;-and-praetical-situations.
[Move to Curriculum Framework]

2140 2.9 The student;gtvenasimple-addition-orsubtraction-faet; will recognize and describe

the related facts which represent and describe the inverse relationship between
addition and subtraction (e.g.,3+ =7, +3=7;7-3=__,and7-__ =3).
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Measurement
(Focus: Money, Linear Measurement, Weight/mass, Volume)

21+ 2.10 The student will
a) count and compare a collection of pennies, nickels, dimes, and quarters whose
total value is $2.00 or less; and

b) identify-the-eorreetusage-of correctly use the cent symbol (¢), dollar symbol ($),

and decimal point (.).

212 2.11 The student will estimate and thenuse-arulerto-make linear measurementsto
measure

a) length to the nearest centimeter and inch;-ineluding-measuring-the-distance-around
apelygonin-orderto-determineperimeter—; [Moved to new SOL 3.10 a]

b) weight/mass of objects using a scale in pounds, ounces/kllograms grams; and
c) 11qu1d volume in {cups pints, quarts, gallons, and liters),zasing Saa
d patent. [Moved to new SOL 1.10]

243
214
215 he-student-will-estimate-and-then determine - weieht/ma
peunds-and/orkilograms- [Moved to new SOL 2.11 b]
2146 2.12 The student will tell and write time to the guarterheur nearest five minutes, using
analog and digital clocks.
247
[Moved to new SL 2.11 ¢]
2148 2.13 The student will
%a—st—week)— [Moved to new SOL 1. 11]
b} a) determine past and future days of the week; and
¢} b) identify specific days and dates on a given calendar.
219 2.14 The student will read the temperature on a Celsius and/or Fahrenheit thermometer to

the nearest 10 degrees.
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Geometry
(Focus: Symmetry and Plane and Solid Figures)

faees—edges—aﬂd—eemers— [Move to Currlculum Framework in support of new SOL
3.14]

22+ 2.15 The student will
a) draw a line of symmetry in a figure; and

b) identify and create figures symmetric-along-atine; with at least one line of
symmetry astig-various-conerete-matertals. [Move to Curriculum Framework]

222 2.16 The student will identify, describe, compare, and contrast plane and solid geometric
shapes (circle/sphere, square/cube, and rectangle/rectangular setid prism).

Probability and Statistics
(Focus: Applications of Data)

223 2.17 The student will use data from experiments to read; construct;-and-interpret-a-simple
picture graphs, pictographs, and bar graphs.

224 2.18 The student will reeerd use data from experiments;-usingspinners-and-colored
tiles/eubes;-and-use-the-data to predict outcomes which-eftwo-events-is-meore-likebyrto

eeewr [Move to Curriculum Framework] if the experiment is repeated.

.19 The student will analyze data displayed in & picture graphs, pictographs, and bar
graphs.

Patterns, Functions, and Algebra
(Focus: Patterning and Numerical Sentences)

225 2.20 The student will identify, create, and extend a wide variety of patterns.;using
numbers;-conerete-objeets-and pietares: [Move to Curriculum Framework]

226 2.21 The student will solve problems by completing a numerical sentence involving the

basic facts for addition and subtraction. Examples-inelude: 3+—Fo0r9—4

=2 [Move to Curriculum Framework] Students will create story problems, using the
numerical sentences.

[\
N
[\

The student will demonstrate an understanding of equality by recognizing that
the symbol, =, in an equation indicates equivalent quantities and the symbol, #,
indicates that quantities are not equivalent.
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Grade Three

The third-grade standards place emphasis on learning multiplication and division facts through
the nines table. Students will be fluent in the basic addition facts through the sn#res tens table and
the corresponding subtraction facts. Concrete materials and two-dimensional representations
will be used to introduce addition and subtraction with fractions and decimals and the concept of
probability as chance. Students will use standard units (U.S. Customary and metric) fet to
measure temperature, length, liquid volume, and weight and identify relevant properties of
shapes, points, line segments, rays, and angles, vertices, and lines. Students will investigate and
describe the identity and commutative properties for addition and multiplication.

While learning mathematics, students will be actively engaged, using concrete materials and
appropriate technologies such as calculators and computers. However, facility in the use of
technology shall not be regarded as a substitute for a student’s understanding of quantitative
concepts and relationships or for proficiency in basic computations.

Mathematics has its own language, and the acquisition of specialized vocabulary and language
patterns is crucial to a student’s understanding and appreciation of the subject. Students should
be encouraged to use correctly the concepts, skills, symbols, and vocabulary identified in the
following set of standards.

Problem solving has been integrated throughout the six content strands. The development of
problem-solving skills should be a major goal of the mathematics program at every grade level.
Instruction in the process of problem solving will need to be integrated early and continuously
into each student’s mathematics education. Students must be helped to develop a wide range of
skills and strategies for solving a variety of problem types.

Number and Number Sense
(Focus: Place Value and Fractions)

3.1 The student will
a) read and write six-digit numerals and identify the place value and value for each
digits;
b) round a whole number, 9,999 or less, to the nearest ten, hundred, and
thousand; and
¢) compare two whole numbers between 0 and 9,999, using symbols (>, <, or =)
and words (greater than, less than, or equal to).

theusand: [Moved to new SOL 3.1 b]
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:

The student will recognize and use the inverse relationships between
addition/subtraction and multiplication/division to complete basic fact sentences.
Students will use these relationships to solve problems: saeh-as

5+3=8and &—3—=— [Move to Curriculum Framework]

i

The student will

a) divideregions-andsetstorepresenta-fraction;-and [Move to Curriculum

Framework]

thirds; e ; - [Moved to new SOL 3.3 a]
name and write fractions (including mixed numbers) represented by a model

e

Eract] inchudi ed | .
model fractions (including mixed numbers) and write the fractions’ names; and
compare the-numerical-value-oftweo fractions having like and unlike
denomlnators usmg words and symbols for <,>,and = &mg—eeﬂerete—ef

e v area : eng ments. [Move to

e

conerete-materials-and-medels: [Moved to new SOL 4.3 a]

Computation and Estimation
(Focus: Computation and Fraction Operations)

3.8 3.4 The student will estimate solutions to and solve single and multistep problems
involving the sum or difference of two whole numbers, each 9,999 or less, with or

without regrouping using-various-computational-methodsineluding ealeulators;
paper and-penet-mental computationand-estimation. [Move to Curriculum

Framework]

£

The student will
&) recall the multiplication and-divisien facts through the nires twelves table, and the

corresponding division facts.

?%

The student will represent multiplication and division, using area and-, set,
and number line models; and create and solve problems that involve
multiplication of two whole numbers, one factor 99 or less and the second
factor 5 or less.
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314+ 3.7 The student will add and subtract stk proper fractions having like

denominators of 48 12 or less;using-conerete-matertals-and pictorial-models
representing arcas regions. lengths/measurements, and sets. [Move (o

Curriculum Framework]

matcrials, pictorial representations. and paper and peneil. [Moved to newSOL 4.5 c]

Measurement
(Focus: U.S. Customary and Metric Units, Area and Perimeter, Time)

313 3.8 The student will determine by counting the value of a collection of bills and coins
whose total value is $5.00 or less, compare the value of the coins or bills, and make
change.

:

3.9 The student will estimate and then use actualmeasuring-devices-with-metric-and- U-S-
Customary U.S. Customary and metric units to measure:

a) length - including part of an inch (1/2), inches, feet, yards, centimeters,
and meters;

b) liquid volume - cups, pints, quarts, gallons, and liters; and

c) weight/mass - ounces, pounds, grams, and kilograms-; and

d) area and perimeter.

3.10 The student will
a) measure the distance around a polygon in order to determine perimeter; and
b) count the number of square units needed to cover a given surface in order
to determine area.
3153.11 The student will
a) tell time to the-nearestfive-minute-interval-and-to [Moved to new SOL 2.12] the
nearest minute, using analog and digital clocks:; and
b) determine elapsed time in one-hour increments over a 12-hour period.
316 3.12 The student will identify equivalent periods of time, including relationships among
days, months, and years, as well as minutes and hours.
317 3.13 The student will read temperature to the nearest degree from a Celsius thermometer

and a Fahrenheit thermometer. Real thermometers and physical models of
thermometers will be used.
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Geometry

(Focus: e Characteristics of Plane and Solid Figqures)

318 3.14 The student will analyze-identify; describe, compare, and contrast analyze
characteristics of twe-dimenstonal {plane) and three-dimenstonal {solid)} geometric
figures (circle, square, rectangle, triangle, cube, rectangular selid fprismi, square
pyramid, sphere, cone, and cylinder) &ﬂd—rdeﬂ&fy bV 1dent1fy1ng relevant preperties:
characteristics, including the number of-eess pers-angles, vertices,
edges, and the number and shape of faces, using concrete models.

[98)
—
9]

The student will identify and draw representations of points, line segments,

rays, angles, and lines using-aruler-orstraightedge. [Move to Curriculum

Framework]

[98)
—
(@)

The student-given-apprepriate-drawings-ormedels; [Move to Curriculum
Framework] will identify and describe congruent and symmaetrieal; noncongruent,

two-dimenstonal (plane) figures;using-tracingproecedures. [Move to Curriculum
Framework]

Probability and Statistics
(Focus: Applications of Data and Chance)

321 3.17 The student;givengrid-paper; will

a) collect and organize data en-a-giventepie-efhistherehoiee; using observations,

measurements, surveys, or experiments;-and

b} construct a line plot, a picture graph, or a bar graph to represent the-restlts: the
data Each-graph-willinclade-an-appropriate-title-andkey= [Move to Curriculum
Framework]; and

¢) read and interpret the data represented in line plots, bar graphs, and picture graphs
and write a sentence analyzing the data.

picture graphs and write a sentence analyzing the data. [Moved (o ne SOL 3.17 ¢]

323 3.18 The student will investigate and describe the concept of probability as chance and list
possible results of a given situation.

Patterns, Functions, and Algebra
(Focus: Patterns and Property Concepts)

324 3.19 The student will recognize and describe a variety of patterns formed using
conerete-ebjeets; numbers, tables, and pictures, and extend the pattern, using
the same or different forms.

Proposed Revised Mathematics Standards of Learning
February 19, 2009
Page 18



Attachment A
325 3.2 The student will

a) investigate aﬂd—ekeafée—pa&efﬂs—m%#mg—m*mbefs— [Move to Cumculum

Framework] 3 g : d
the identity and the commutatlve propertles for addltlon and multlphcatlon and
b) identify examples of the identity and commutative properties for addition and
multiplication; and
b}_) demonstrate an understandmg of equahty ee e-e :
3 4 s es [Moved to new SOL 2. 22] —s&eh—&s—4—-
3—2s60 [Move to Currlculum Framework] through the use of the symbols, = and
e
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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-continue-to-learnanduse-the-basic-multipheation

faets: Students will be fluent in the basic multiplication facts through the twelves sines-table and
the corresponding division facts as they become proficient in multiplying larger numbers.

Students also Will reﬁne their estimation skills for computations and measurements ane

d—rmens*onal—ésol—rd}—ﬁgures Students w1ll 1dent1fy and draw describe representations of pomts
l1nes lme segments and rays and angles 1nclud1ng endnomts and Vert1ces Students—wr—ll—graph

materials and two- d1mens1onal representations w1ll be used to solve problems 1nvolV1ng
perimeter, patterns, probability, and equivalence of fractions and decimals. Students will
recognize images of figures resulting from a geometric transformations, such as reflection &pJ,

translation ¢skded, and rotation &ueny. Students will investigate and describe the associative
property for addition and multiplication.

While learning mathematics, students will be actively engaged, using concrete materials and
appropriate technologies such as calculators and computers. However, facility in the use of
technology shall not be regarded as a substitute for a student’s understanding of quantitative
concepts and relationships or for proficiency in basic computations.

Mathematics has its own language, and the acquisition of specialized vocabulary and language
patterns is crucial to a student’s understanding and appreciation of the subject. Students should
be encouraged to use correctly the concepts, skills, symbols, and vocabulary identified in the
following set of standards.

Problem solving has been integrated throughout the six content strands. The development of
problem-solving skills should be a major goal of the mathematics program at every grade level.
Instruction in the process of problem solving will need to be integrated early and continuously
into each student’s mathematics education. Students must be helped to develop a wide range of
skills and strategies for solving a variety of problem types.

Number and Number Sense
(Focus: Place Value, Fractions, and Decimals)

4.1 The student will
a) identify (orally and in writing) the place value for each digit in a whole number
expressed through millions;
b) compare two whole numbers expressed through millions, using symbols
(>, <,or=);and
c) round whole numbers expressed through millions to the nearest thousand, ten
thousand, and hundred thousand.
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4.2 The student will
a) identifyymedeland compare and order ratienalnumbers fractions and mixed
numbers; using-conerete-objeets-and-pietares [Move to Curriculum Framework]
b) represent equivalent fractions; and
e) relate-fractionsto-decimalsusing-conerete-objeets: [Moved to new SOL 4.3 d]
¢) identify the fraetion division statement that represents diviston a fraction.

43 %&s&}deﬂﬂ#ﬂkeemp&reﬁe—mmeﬂeal#&me—ef—frae&oﬂs [Moved to new
SOL 4.2 a] ¢with-hi i i

}ess—&ﬁ&g—eeﬁere%e—ma%eﬁa-}s— [Move to Currlculum Framework]

44 4.3 The student will
a) read, write, represent, and identify decimals expressed as-tenths-and-hundredths
through thousandths;
b) round decimals to the nearest whole number, tenth, and hundredth; and
c) compare the-valae-eftwe and order decimals;-using-symbeols{<>,-or—);conerete
matertals;-drawings;-and-ealeulaters: [Move to Curriculum Framework] ; and

d) given a model, write the decimal and fraction equivalents.

Computation and Estimation
(Focus: Factors and Multiples, and Fraction and Decimal Operations)

45 4.4 The student w111 es&ma%e—wd&o}e—ﬂmﬁbeﬁtﬂms—aﬂd—d#fereﬁees—&ﬂd—deseﬂbe—the

bemeeﬂ,—&ﬁd—a—l#ﬂe—mefce—t-kaﬁ [Move to Currlculum Framework]
a) estimate sums, differences, products, and quotients fer of whole numbers;

b) add, subtract, and multiply whole numbers;

¢) divide whole numbers, finding quotients with and without remainders; and

d) solve single and multistep addition, subtraction, and multiplication
problems with whole numbers.

46
47
' tet -estimati i : [Move to
Curriculum Framework]
48 [Moved to new

SOL 4. 4 c] giveﬂ—a—one—di-gi-t—d-rwsor [Move to Currlculum Framework]
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49 4.5 The student will

represeﬂtaﬁeﬂs—&nd—p&pepaﬂd—peﬁeﬂ— stmphfyfractions: |Moved to new SOL 4.5
b] determine common multiples and factors, including least common multiple and
greatest common factor [Moved from new SOL 5.3a.] of up to two

fractions;
b) add—aﬁd—s&b%raet—wrﬂa—deerma}s [Moved to new SOL 4.5 c] %hreagh—the&s&&d%hs—

[Move to Currlculum Framework] add and subtract !a#%h fract1ons havmg like and
unlike denominators whose denominators are limited to 2, 3. 4, 5, 6, 8, 10, and 12

and simplify the resulting fraction using common multiples and factors;

Currrculum Framework] and-with-deetmals [Moved to new SOL 4.5 d] expressed

through-thousandths; using-vartous-computational- methods,includingealenlators;
paper-and-penet-mental computation,and-estimation [Move to Curriculum

Framework] add and subtract with decimals; and

d) solve single and multistep practical problems involving addition and subtraction
with fractions and with decimals.

Measurement
(Focus: Equivalence between U.S. Customary and Metric Units)

410 4.6 The student will

a) estimate and measure weight/mass;-using-actual-measuring-deviees; [Move to
Curriculum Framework] and descrlbe the results in U.S. Customary/metrlc units
as appropriatesinehs : HS—EraSan [Move to
Curriculum Framework] and

b) identify equivalent measurements between units within the U.S. Customary
system (ounces, and pounds, and tons, and between units within the metric system
(grams and kilograms).;-and
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414 4.7 The student will
a) estimate and measure length—&mg—ae‘e&al—measu—rmg—dev—rees— and determme the

result in both metric and U.S. Customary HHHES

3 [Move to
Currlculum Framework] Jﬂl

b) identify equivalent measurements between units within the U.S. Customary
system (inches and feet; feet and yards; inches and yards; yards and miles) and
between units within the metric system (millimeters and centimeters; centimeters
and meters; and millimeters and meters). ;-and

412 4.8 The student will
a) estimate and measure liquid volume;usingaectaal-measuring-deviees [Move to
Curriculum Framework] and usingetrie-and describe the results in U.S.
Customary; and

b) identify equivalent measurements between units within the U.S. Customary
system (cups plnts quarts, and gallons). and-betweenunttswithinthe-metrie

quartis-atittle lessthanHiter Hiteris-alitte more-thanquart® [Moved to
new SOL 6.9]

413
measur%[Moved to new SOL é# S. 8a]
4.9 The student will determine elapsed time in hours and minutes within a 12-hour
period.
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Geometry
(Focus: Representations and Polygons)

414 4.10 The student will

a) identify and describe representations of points, lines, line segments, rays,
and angles, including endpoints and vertices; and

b) identify representations of lines that illustrate intersection, parallelism, and
pemendlcularltv —and

b

&ﬁ&g—a—sﬁmgh%edge—er—m}er—&nd [Moved to new SOL 4. 10 a]
b} e N

[Move to %%4% Currlculum Framework in suggort of new SOL 4.10
aj

446 Fhestadentwill Hdentify-and-dravwrepresentations-of-Hresthat tHustrate-tnterseetion:
paralelism;and perpendienlarity- [Moved to new SOL 4.10 b]

417 4.11 The student will

[-pﬂsmE— [Moved to new SOL 3. 14]

b) identify-congruent-and noncongruentshapes-and [Moved to new SOL 3.16]

a) investigate congruence of plane figures after geometric transformations such as
reflection &9, translation éskde); and rotation &esr), using mirrors, paper
folding, and tracing; and

b) recognize the images of figures resulting from a geometric transformations such
as translation €shdey, reflection &HpJ, ex and rotation &uarn).

448 he-student-will-identify-the-ordered pairforapoint-and-locate-the peint for-an
ordered-pair-in-the-first-quadrant of a-coordinate-plane: [Moved to new SOL 6.11]
4.12 The student will

a) define polygon; and
b) identify polygons with 10 or fewer sides.
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Probability and Statistics
(Focus: Outcomes and Congruent and Noncongruent Regions)

419 4.13 The student will
a) predict the likelihood of an outcomes of a simple event; ; and using-the-terms

ee:%m—&%ely—w—l—zkely—mpewb%e [Move to new SOL 2 18]

e b)r epresent probabrhty as a number between 0 and 1, inclusive.

420 4.14 The student will collect, organize, aré display, and interpret data +#tine-and-bar
gr&phs—wrﬂﬁea}e—meremems—of—eﬂe—or—gre&eﬁh&n—oﬂe [Move to Currlculum

Framework] and=
predietiens from a Varletx of graghs

Patterns, Functions, and Algebra
(Focus: Geometric Patterns, Equality, Properties)

421 4.15 The student will recognize, create, and extend numerical and geometric patternss;.

using conercte materials. number lines. symbols, tables. and words. |Move 1o

Curriculum Framework]

422 4.16 The student will
a) recogmze and demonstrate the meanlng of equahty in an eguatlon—&sl-ng—

-15495—4;1-69—65—-0%59—-0;1-6} [Move to Currlculum Framework], and

b) investigate and describe the associative property for addition and

multiplication.
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Grade Five

The fifth-grade standards place emphasis on dexelepin i HUSHRE 3
number sense w1th whole numbers fractions and de01ma1s % Th1s focus 1nc1ude
arrefs s identifying

even and odd numbers :

operations for positive whole numbers Students w111 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 perimeter. Students will be introduced to variable
expressions and open sentences, and will model one-step linear equations in one variable using
addition and subtraction. Students will investigate and recognize the distributive property. All
of these skills sH-assist te in the development of the algebraic concepts needed for success in
pre-aleebraat the middle lewel grades.

While learning mathematics, students will be actively engaged, using concrete materials and
appropriate technologies such as calculators and computers. However, facility in the use of
technology shall not be regarded as a substitute for a student’s understanding of quantitative
concepts and relationships or for proficiency in basic computations.

Mathematics has its own language, and the acquisition of specialized vocabulary and language
patterns is crucial to a student’s understanding and appreciation of the subject. Students should
be encouraged to use correctly the concepts, skills, symbols, and vocabulary identified in the
following set of standards.

Problem solving has been integrated throughout the six content strands. The development of
problem-solving skills should be a major goal of the mathematics program at every grade level.
Instruction in the process of problem solving will need to be integrated early and continuously
into each student’s mathematics education. Students must be helped to develop a wide range of
skills and strategies for solving a variety of problem types.

Number and Number Sense
(Focus: Prime and Composite Numbers and Rounding Decimals)

5.1 The student, given a decimal through thousandths, will round to the
nearest whole number, tenth. or hundredth.

[Moved to new SOL 4 3]
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5.2 The student will
a) recognize and name commenty-used fractions thalves,-fourths,fifths-eighthsand
teaths) [Move to Curriculum Framework] in their equivalent decimal form and
vice versa; and
b) compare and order a given set of fractions and decimals from least to greatest and
greatest to least. Fracttonswithinelade keandunlike- denominatorsHmited-to12
or-lessand-mixed-numbers: [Move to Curriculum Framework]

5.3 The student will

b :) dentlfy and descr1be the characteristics of prlme and composite
numbers; and

e b) 1dent1f and descrlbe the characteristics of even aumb

by—two-and odd numbers%qﬂ%e

Computation and Estimation
(Focus: Multistep Applications and Order of Operations)

5354 The student will
& create and solve single and multistep practical problems involving addition,
subtraction, multlphcatlon and lelSlOIl w1th and without remamders of whole

4

The student; will

a) find the sum, difference, product, and quotient of two numbers expressed as
decimals through thousandths (divisors with only one nonzero digit); and

4 create and solve s1ngle and multlstep_ Qractlcal p_roblems 1nv01v1ng demmal gﬂ#@ﬁ

8

The student will solve single and multistep practical problems involving addition and

subtraction with fractions and mixed numbers;with-and-withoutregrouping; and
express answers in simplest form. Preblems-willinelude like-and-unlike-denominators

himitedto12-ertess: [Move to Curriculum Framework]
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58 5.7 The student will evaluate whole number numerlcal ex ressmns using the sales
forthe order of operations limited to pes adine parentheses,
addition, subtraction, multiplication, and lelSlOl’l %ﬁ%%eﬁ%s

Measurement
(Focus: Perimeter, Area, Volume, and Equivalent Measures)

58 59 5.8 The student will

a) deseﬂbe—aﬁd—detemame—the ﬁnd perlmeter ef—a—pelygeﬂ—aﬂd the area, and volume
gres: in

standard units of measure;

b) differentiate between perimeter, area, and volume and identify whether the
application of the concept of perimeter, area, or volume is appropriate for a given
situation;

¢) identify equivalent measurements within the metric system;

d) estimate and then measure to solve problems using U.S. Customary and
metric units; and

e) choose an appropriate unit of measure for a given situation involving
measurement using U.S. Customary and metric units.

59 518 5.9 The student will identify and describe the diameter, radius, chord, and
circumference of a circle.

pfeb}eim—mvel-wﬂg—meas&femeﬂt—ef [Moved to new SOL é@ 5 86]

a} length part of an inch (120 14 and 1/8). inches. feet, vards, miles. millimeters,
eeimmetefs—me%efs—&ﬂd—lﬂ-}eme%efs— [Moved to new SOL 59 5.8d]

as; [Moved to new SOL 59

: [Moved to new

dy—areasquare-unitsi-and [Moved to new SOL 59 5.8d]
e}—temperature-Celstusand-Fahrenhettunits: [Moved to new SOL 59 5.8d]

5 i 6°F). [Move to Curriculum
Framework]

542 54+ 5.10 The student will determine an amount of elapsed time in hours and minutes
within a 24-hour period.

543 512 5.11 The student will measure and-draw right, acute, and obtuse, and straight
angles and-triangles;usingappropriate-tools. [Move to Curriculum Framework]
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Geometry
(Focus: Classification and Subdividing)

544 543 5.12 The student will classify
a) angles and-triangles as right, acute, er-obtuse, or straight; and
b) triangles_as right, acute, obtuse, equilateral, scalene, or isosceles.

545 5344 5.13 The student, using twe-dimenstonal-{plane} figures, (square, rectangle, triangle,
parallelogram rhombus lerte— and trapezo1d) w1ll
’ . o develop

deﬁn1t1ons of these pla ﬁgures and

b) identify-and-explore-congruent,noncongruent; [Moved to new SOL 3.16] and

simHarfigures: [Moved to new SOL 7.6]
¢} b) investigate and describe the results of combining and subdividing shapes plane

figures:.

& 1de&&£y—aﬂd—deseﬂb%a—lmeef—sy&m&etr§#aﬁd [Moved to new SOL 2. 15]
e) m N n

prism). [Moved to new SOL 3. 14]

Probability and Statistics
(Focus: Outcomes and Measures of Center)

547 545 5.14 The student will
&) make predictions and s

stigle event an outcomeby HSRE

sample space

ae determine the probability of a
s-et by constructing a

4l3c]aﬁd

548 546 5.15 The student will, given a problem situation, collect, organize, and display-a-set
efnumerteal interpret data ina Var1ety of forms usmg baﬁ%aphm stem-and-leaf
plotss=and line graphs H e d

.16 The student will

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

b) describe mean as fair shares;

B ¢) find the mean, median, mode, and range of a set of data; and
e} d) describe the range of a set of data as a measure of variation.

£
|

LA
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Patterns, Functions, and Algebra
(Focus: Equations and Properties)

520 5348 5.17 The student will analyze-the-strueture-ef numerical-andgeometrie-patterns{how
they-change-orgrow); describe the relationship found in a number patterns thew-they

change-or-grow) and express the relationships;. using-words;tablesgraphs;or a
mathematical sentence. Conerete-materials-and-ealewlators-will-be-used: [Move to

Curriculum Framework]

52+ 549 5.18 The student will
a) mves‘ugate and descrlbe the concept of Varlable

¢} b) write an open sentence to represent a given mathematical relationship, using a
variable-;

¢) model one-step linear equations in one variable using addition and subtraction;
and

d) create a problem situation based on a given open sentence using a single variable.

single-variable: [Moved to new SOL é% 5. 18 d]

520 5.19 The student will investigate and recognize the distributive property of
multiplication over addition.
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Grade Six

The sixth-grade standards are a transition from the emphasis placed on whole number arithmetic

in the elementary grades to foundations of algebra. The standards emphasize rational numbers.
Students will use ratios to compare data sets; recognize decimals, fractions and percents as
ratios; solve single and multistep problems using rational numbers; and gain a foundation in the
understanding of integers. Students will solve linear equations and use algebraic terminology.
Students will solve problems involving area, perimeter and surface area, work with « (pi), and
focus on the relationships among the properties of quadrilaterals. In addition, students will focus
on applications of probability and statistics.

While learning mathematics, students will be actively engaged, using concrete materials and
appropriate technologiesy such as fraetien calculators, computers, and spreadsheets;laser-€ises;
and-videos. However, facility in the use of technology shall not be regarded as a substitute for a
student’s understanding of quantitative concepts and relationships or for proficiency in basic
computations. Students will also identify real-life applications of the mathematical principles
they are learning and apply these to science and other disciplines they are studying.

Mathematics has its own language, and the acquisition of specialized vocabulary and language
patterns is crucial to a student’s understanding and appreciation of the subject. Students should
be encouraged to use correctly the concepts, skills, symbols, and vocabulary identified in the
following set of standards.

Problem solving has been integrated throughout the six content strands. The development of
problem-solving skills should be a major goal of the mathematics program at every grade level.
Instruction in the process of problem solving will need to be integrated early and continuously
into each student’s mathematics education. Students must be helped to develop a wide range of
skills and strategies for solving a variety of problem types.

Number and Number Sense
(Focus: Relationships among Fractions, Decimals and Percents)

[Moved to new SOL 6.2 b and c]

62 6.1 The student will describe and compare twe-sets-of data, using ratios, and will use

. . a
appropriate notations, such as &% e ato b, and a:b.
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The student will

a) investigate and describe fractions, decimals and percents as ratios;

b) identify a given fraction, decimal or percent from a representation;

c) demonstrate equivalent relationships among fractions, decimals, and percents; and

d) compare and order fractions, decimals, and percents.

ehaf&eteﬂeﬁes—e{lexen—aﬁd—eéd—&ﬁegelﬁs- [Moved to new SOL 5. 3]

Fhe-student-will- compare-and-order-whele-numbers; [Moved to new SOL
3. 1 c] %aeﬁeﬂs—&ﬁd—deeﬂﬁa}s—[Moved to new SOL 5.2 and new SOL 6.2]

[Move to Cumculum Framework]

The student will

a) identify; and represent integers; ;

b) order; and compare integers-; and

¢) identify and describe absolute value of integers.

The student will demonstrate multiple representations of multiplication and
division of fractions.

The student will investigate and describe concepts of positive exponents and
perfect squares.

Computation and Estimation
(Focus: Applications of Operations with Rational Numbers)

6.6

6.7

The student will:

a) seolveproblems-thatinvelveaddition;subtraction; multiphieation; multiply and/er
é;ms*eﬁ d1V1de fractlons and mlxed numbers—wﬁh—&ael—wrthe&t—regreapmg— %hafe

digit estimate solutions and then solve single and multistep practical problems

that involve addition, subtraction, multiplication and division of fractions.

The student will use-estimation-strategteste solve single and multistep practical
problems involving whele-numbers;-decimals;andfractions(rational numbers):

addition, subtraction, multiplication and division of decimals. [Fractions moved to
new SOL 6.6 a; whole numbers moved to new SOL 5.4]
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68
Currlculum Framework]
6.8 The student will aps de serationsins e aHatons
number numerical expressions using the order of ogeratlons
Measurement

(Focus: Problem Solving with Area, Perimeter, Volume and Surface Area)

6.9
ballpark comparisons between the U.S. Customary Svstem of measurement and the
metric system.
610
SOL 5.8]
6.10 The student will
a) define pi (w) as the ratio of the circumference of a circle to its diameter;
b) solve practical problems involving circumference and area of a circle given the
diameter or radius;
¢) solve practical problems involving area and perimeter; and
d) describe and determine the volume and surface area of a rectangular prism.
o.11
0.12

éd-ameter—er—mdms—aﬁé [Moved to new SOL 6 10 b]
by d .

drameter— [Moved to new SOL 6. 10 a]ﬂ-smg—eeﬂefet%ma{em%&er—eempﬁ{er
medels: [Move to Curriculum Framework]
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SOL 5.1 and new SOL 5.12.]

Geometry
(Focus: Properties and Relationships)

A1 The student will
a) identify the coordinates of a point in a coordinate plane; and
b) graph ordered pairs in a coordinate plane.

614 The student will identify. classity. and describe the characteristics of plane ligures.
deseribingtheirsimilarities-differencesand-defining properties. [Moved to new SOL
6.13]

615 6.12 he student w1ll determlne congruence of segments angles and polygons bfyLd'H:%et

5

13 The student will describe and identify properties of quadrilaterals.

Probability and Statistics
(Focus: Practical Applications of Statistics)

618 6.14 The student, given a problem situation, will eelleetanalyze-display,and-interpret
e . : hical hods, ineludi
a) hne; barand [Moved to new SOL 5.15] construct circle graphs; and-histegrams
b) stem-and-leatplots; [Moved to new SOL 5.15] and draw conclusions and make
predictions using circle graphs and-histegrams; and
c) bex-and-whiskerplots: [Moved to A.10] compare and contrast graphs which
present the=same information from the same data set.
Circle graphs will be limited to halves, fourths, and eighths. [Move to Curriculum
Framework]
619 6.15 The student will
a) describe the mean;median;-and-mede as measures-ofeentral

tendeneyL[Moved to new SOL 5 l6] balance pomt, and

b) d

to new SOL 5. 16] dec1de Wthh measure of center is appropnate for a

given sitaatien purpose.
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620 6.16 The student will
a) make

Hst—ehaft—p*etufe—er—tfee—dﬁgfam— [Moved to new SOL 5. 14] distineuis
compare and contrast dependent and independent events; and
b)determme e ; rofan-even HEFHRE

f—or—the—gwen—s&uaﬂeﬂ— probablhtles for dependent and 1ndenendent events.

Patterns, Functions, and Algebra
(Focus: Variable Equations and Properties)

621 6.17 The student w111 m:vestrgate—deseﬁbe— dentlfy and extend numerteal-and geometric
. . 0; and

arithmetic sequences [Move to Currlculum Framework]

Separess [Moved to new SOL 6 5] sqtm%roets—and—fer—rmmbens—g%eater—than—l—@-
setentifienotation- [Moved to new SOL 7.1] Calenlators-will be-used-to-develop
expenential-patterns. [Move to Curriculum Framework]

623 6.18 The student will

~[Moved to new
SOL 5. 18]

b} solve one-step linear equations in one variable, involving whole number
coefﬁ01ents and pos1t1ve ratlonal solutlons—and

(o)
—_
O

The student will investigate and recognize

a) the identity properties for addition and multiplication;
b) the multiplicative property of zero; and
c) the inverse preperties property for additien-and multiplication.

o
)
e

The student will graph inequalities on a number line.
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Grade Seven

The seventh-grade standards continue to emphasize the foundations of algebra. Students who

successfully complete the seventh-grade standards should be prepared to study Algebra I in
grade eight. Topics in grade seven include proportional reasoning, integer computation, solving
two-step linear equations, and recognizing different representations for relationships. Students
will apply the properties of real numbers in solving equations, solve inequalities, and use data
analysis techniques to make inferences, conjectures, and predictions.

While learning mathematics, students will be actively engaged, using concrete materials and
appropriate technologyies-such as fraetien calculators, computers, and spreadsheets;laser-€ises;
and-videos. However, facility in the use of technology shall not be regarded as a substitute for a
student’s understanding of quantitative concepts and relationships or for proficiency in basic
computations. Students will also identify real-life applications of the mathematical principles
they are learning and apply these to science and other disciplines they are studying.

Mathematics has its own language, and the acquisition of specialized vocabulary and language
patterns is crucial to a student’s understanding and appreciation of the subject. Students should
be encouraged to use correctly the concepts, skills, symbols, and vocabulary identified in the
following set of standards.

Problem solving has been integrated throughout the six content strands. The development of
problem-solving skills should be a major goal of the mathematics program at every grade level.
Instruction in the process of problem solving will need to be integrated early and continuously
into each student’s mathematics education. Students must be helped to develop a wide range of
skills and strategies for solving a variety of problem types.
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Number and Number Sense

(Focus:

7.1

~
[\

The student will
a) investigate and describe the concept of negative exponents for powers of

ten; eompare;-order;- and-determine-equivalentrelationships-between
{ractions. decimals, and percents.
b) ineladinguse-of determine scientific notation for numbers greater than 40 zero;
¢) compare and order fractions, decimals, percents and numbers written in
scientific notation;
d) determine square roots; and

¢) identify and describe absolute value for rational numbers.

new SOL 6 8] meﬂ%al—m&ﬂiem&&es—aﬂd—appfepfh%e—tee}s—[Move to Cumculum

Framework]

[Moved to new SOL 3 20 a and new SOL 4.16]

b) the-distributive-property; [Moved to new SOL 5.19]

e) the-additive-and-multipheative-identity properties-[Moved to new SOL 6.19 a]

&) theadditive-and-multiplicative-inverse-properties;-and-[Moved to new SOL 6.19
c]

e) the-multiplicativeproperty-ofzere. [Moved to new SOL 6.19 b]

The student will describe and represent arithmetic and geometric sequences
using variable expressions.

Computation and Estlmatlon

(Focus:

Reasoning)

b)

sl-mﬁlem%erest— [Move to Currlculum Framework]
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7532 7.3 The student will

a) fermulaterulesfor model addition, subtraction, multiplication and
division of integers; and

mtipheation—and-divistorwith-tegers: [Moved to new SOL 7 4] add,

subtract, multiply. and divide integers.

76
. [Move to Curriculum Framework to support new SOL 7.4]

73 7.4  The student will solve single and multistep practical problems using satienal
aumbers proportional reasoning.

Measureme nt

(Eocus: &

7.7

%kg—h{—maﬂg}es—and [Moved to new SOL 8. 11]

b) applyperimeterandareaformulasinpractical-sttuations: [Moved to new SOL
6.10 c]

78 &4 7.5 The student will

a) imvestigateand describe volume and surface area of cylinders; and
b) solve practical problems involving the volume and surface area of

rectangular prismsand rectangular prisms and [Moved to SOL 6.10 d]
cylinderss: ; and using-eonerete-materials-and practical sitnationsto
develep-formulas. [Move to Curriculum Framework]

¢) describe how changing one measured attribute of a rectangular prism
affects its volume and surface area.

7.6 The student will determine if plane figures — quadrilaterals and triangles — are similar
and write proportions to express the relationships between corresponding parts of
similar figures.

Geometry

(Focus: Relationships Between Figures)

79 £5 7.7 The student will compare and contrast the following quadrilaterals based on
properties: parallelogram, rectangle, square, rhombus, and trapezoid. Peduetive
reaseningand-inference-wil-be-used-to-elassify-quadraterals: [Move to Curriculum

Framework]

hepfeageﬂ—eetageﬂ—ﬂeﬂageﬂ—&ﬂd—de&ageﬂ— [Moved to new SOL 4 12]
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5

plane- [Moved to new SOL 6.11]

7143 £2 7.8 The student, given a polygon in the coordinate plane, will represent transformatlons
( reﬂectlons dilations, rotations, and translatlon_) by graphmg he-coordinates he

M@

Probability and Statistics
(Focus: Applications of Statistics and Probability)

734 %879 The student will investigate and describe the difference between the prebability-of

an-eventfound-through-stimulation—versas experimental and theoretical probability of
that-same an event.

7.1 The student will

several-objeets;usinga-tree-diagram-or [Moved to new SOL 5.14] determlne the

probability of compound events using the Fundamental (Basic) Counting Principle.

k.
i

a) #eq&e&ey—d—tsm-bm}eﬂs— construct and analvze :

and

b) lineplets: compare and contrast data-presentedin b

histograms asd with other types of graphs presenting 1nf0rmat10n from the same
data set.

¢) histegrams; [Moved to new SOL 7.11 a, b]

& stem-anddeafplots: [Moved to new SOL 5.15]

e) bex-and-whiskerplots; and [Moved to new SOL A.10]

H seattergrams [Move to Curriculum Framework to support new SOL A.11]

set-of-data- [Moved to new SOL 7.11]
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Patterns, Functions, and Algebra
(Focus: Linear Equations)

749 £+ 7.12 The student will represent;-analyze-and-generalize-a-variety-of patterns;-inclading
arithmetic-sequences-and-geometrie-sequenees; relationships with tables, graphs,
rules. and words, in order to investigate and describe functional relationships.

720 742 7.13 The student will
a) write verbal expressions as algebraic expressions and sentences as
equations and vice versa; and
b) evaluate algebraic expressions for given replacement values of the

variables.

722 #43 7.14 The student will

a) solve one- step and two-step linear equations and-inegualities [Moved to new
SOL 7. 15] in one variable w&h—s&a%eg*es—mel—wm&g—mefse—epefaﬂeﬂs—aﬂd

[Move to Currlculum Framework] and
b) solve practical problems requiring the solution of &one- e and two-step linear
equations.

7.14 7.15 The student will
a) solve one-step inequalities in one variable; and
b) graph solutions to inequalities on the number line.

#+57.16 The student will identify-and apply the following properties of operations with real
numbers:

the commutative and associative properties for addition and multiplication;

the distributive property;

the additive and multiplicative identity properties;

the additive and multiplicative inverse properties; and

the multiplicative property of zero.

AT
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Grade Eight

The eighth-grade standards are intended to serve two purposes. First, the standards contain beth
content that reviews or extends concepts and skills learned in previous grades. and Second, they
contain new content that prepares students for more abstract concepts in algebra and geometry.
The eighth-grade standards provide students additional instruction and time to acquire the
concepts and skills necessary for success in Algebra I. Students will gain proficiency in

computation with rational numbers (pesttive-and-negativefractions;positive-and negative

deecimals;whele-numbers;-and-integers) and use proportions to solve a variety of problems. New
concepts include solving twe-step multistep equations and inequalities, graphing linear

equations, visualizing three-dimensional shapes represented in two-dimensional drawings, and

applying transformations to geometric shapes in the coordinate plane;-and-usingmatriceste

organize-and-nterpret-data. Students will verify and apply the Pythagorean Theorem and
represent relations and functions using tables, graphs, and rules. The eighth-grade standards

provide a more solid foundation in Algebra I for those students not ready for Algebra I in grade
8.

While learning mathematics, students will be actively engaged, using concrete materials and
appropriate technologies such-asfraction-—caleulators;-computers;-spreadsheets- laser-dises;and
videes. However, facility in the use of technology shall not be regarded as a substitute for a
student’s understanding of quantitative concepts and relationships or for proficiency in basic
computations. Students will also identify real-life applications of the mathematical principles
they are learning that can be applied to science and other disciplines they are studying.

Mathematics has its own language, and the acquisition of specialized vocabulary and language
patterns is crucial to a student’s understanding and appreciation of the subject. Students should
be encouraged to use correctly the concepts, skills, symbols, and vocabulary identified in the
following set of standards.

Problem solving has been integrated throughout the six content strands. The development of
problem-solving skills should be a major goal of the mathematics program at every grade level.
Instruction in the process of problem solving will need to be integrated early and continuously
into each student’s mathematics education. Students must be helped to develop a wide range of
skills and strategies for solving a variety of problem types.
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Number and Number Sense
(Focus: Relationships within the Real Number System)

8.1 The student will

a) simplify numerical expressions involving positive agd=negatie exponents, using
rational numbers, order of operations, and properties of operations with real
numbers and

b)

He%&treﬂ—&nd [Moved to new SOL 7 1 c]
¢} b) compare and order decimals, fractions, percents, and numbers written in
scientific notation.

8.2 The student will describe orally and in writing the relationship between the subsets of
the real number system.

Computation and Estimation
(Focus: Practical Applications of Operations with Real Numbers)

8.3 The student will
a) solve practical problems involving rational numbers, percents, ratios, and

proportlons— and Preblems—w&l—b%ef—varymg—eemplaemes—&nd—wrﬂ

bal-&ﬂe'mg—a—eheekbeek— [Move to Currreulum Framework]
b) determine the percent increase or decrease for a given situation.

i

[Moved to new SOL 8. 3]

84 &5 8.4 The student will apply the order of operations to evaluate algebraic expressions for

given replacement values of the variables. Problems-willbelimited-to-posttive
expenents: [Move to Curriculum Framework]

85 &6 8.5 The student;gtvenawhele-numberfrom-0-to100; will
a) identfy determine whether a given shele number # as is a perfect square; and

b) er find the two consecutive whole numbers between which the a square root lies.

Measurement
(Focus: Problem Solving)

8.6 &% 8.6 The student will
a) verify by measuring and describe the relationships among vertical angles,
adjacent angles, supplementary angles, and complementary angles; and
b) w4l measure and-draw angles of less than 360°.
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€7 &8& 8.7 The student will
a) investigate and solve practical problems involving volume and surface area

of reetangtlarsehds{prisms), cylinders, cones, and pyramidss ; and

b) describe how changing one measured attribute of the figure affects the
volume and surface area.

Geometry
(Focus: Problem Solving with 2- and 3-Dimensional Figures)

€8 &9 8.8 The student will
a) apply transformations (retate-or-turn;reflect-orflip;translate-orslide;and
dilate-orseale) [Move to Curriculum Framework] to geemetrie plane
figures: and represented on graph paper. The student will

b) identify applications of transformations;such-as-tilingfabric-destgn;art;
and-sealing. [Move to Curriculum Framework]

89 810 8.9 The student will construct a three-dimensional model, given the tops=side; andtor
bottom ssewes- , side and front views.

810 81+ 8.10 The student will
a) verify the Pythagorean Theorem;-using-diagrams;conerete-materials;and

meastrement; and [Move to Curriculum Framework]

b) apply the Pythagorean Theorem tefind-the-missinglength-ofa-sideofa
right triangle-whengiventhe lengthsof the other two-sides.

[Move to Curriculum Framework]

&2 8.11 The student will solve practical area and perimeter problems involving
composite, plane figures.

Probability and Statistics
(Focus: Statistical Analysis of Graphs and Problem Situations)

811 8.12 The student will ans

games—er—gf&d-mg—seales— [Move to Currlculum Framework] and-make-prediet
- determine the probability of mdegendent and

dep_endent events W1th and without replacement.

\ﬂrﬁ

812 844 8.13 The student will

a) make comparisons, predictions, and inferences, using information

displayed in #eq&eneyésmbtmeﬂs—beaeaﬂd—whrsker—ple%s—

’ 5 5 b J

graphs: [Move to Curriculum Framework] ; and
b) construct and analyze scatterplots.
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Patterns, Functions, and Algebra
(Focus: Linear Relationships)

814 815 8.14 The student will
@ crentecet
b)

fepfesentat}en—fer—rel-at}enshkps- make connections between any two

forms (tables, graphs, word, and rules) of a given relationship.

&5

\E

8.15 The student will

a) solve twe- multistep linear equations and-inequalitiesin-one with
in one variables; on one e and two sides of the equation using-econerete

materials, pictorial representations, and paper and penetl. @ |Move to
Curriculum Framework]

b) solve two-step linear inequalities and graph the results on a number line;
and

¢) identify properties of operations used to solve an equation.

816 847 8.16 The student Wlll graph a 11near equatlon in two variables;i-the-coordinate

funetions: [Moved to new SOL 8.3]
&1+8 8.17 The student will use-the i 2
mdependent—\%%a-ble—aﬂd—depe%dem—\%%-bie— 1dent1fv the domaln range

independent variable or dependent variable in a given situation.
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Algebra |

The standards below outline the content for a one-year course in Algebra I. All students are
expected to achieve the Algebra I standards. When planning for instruction, consideration will
be given to the sequential development of concepts and skills by using concrete materials to
assist students in making the transition from the arithmetic to the symbolic. Students should be
helped to make connections and build relationships between algebra and arithmetic, geometry,
and probability and statistics. Connections also should be made to other subject areas through
practical applications. This approach to teaching algebra should help 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 functions behavior. Matrices-will-be-used-to-organize-and
maniputate-data:

Graphing calculators, computers, and other appropriate technology tools will be used to assist in
teaching and learning. Graphing utilities enhance the understanding of functions; they provide a
powerful tool for solving and verifying solutions to equations and inequalities.

Throughout the course, students should be encouraged to talk engage in discourse about
mathematics with teachers and other students, use the language and symbols of mathematics in
representations and communication, discuss problems and problem solving, and develop their
confidence in themselves as mathematics students.

Expressions and Operations

Al The student will represent verbal quantitative situations algebraically and evaluate
these expressions for given replacement values of the variables.

mathematies;caletlatororpaperand peneil: [Move to Currlculum Framework]

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 trinomials in one or

two variables. The graphing calculator will be used as a tool for factoring and for
confirming algebraic factorizations.

[Moved to new SOL A 2 a] wﬁh—m&eg%&l—@epe%ﬁs—&sm—sae&&ﬁene&aﬁea%&en
appropriate: [Move to Curriculum Framework]
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The student will 4 4
[Moved to new SOL A. 2 b] M—mm&emﬁl—éﬁsefs—&smg—eeiﬁe%e—ebjeets—p*etefm{
and-arearepresentations;and-algebrate-maniprlatiens: [Move to Curriculum

Framework]

The student will express the square root and cube root of whole numbers and the
square root of a monomial algebraic expression in simplest radical form. and

approximate square roots to the nearest tenth.

Equations and Inequalities

A4

The student will solve multistep linear and quadratic equations in and-reguatitiesin

ene-two variables, including

a) solving literal equations (formulas) for a given variable-and ;

b) justifying steps used in simplifying expressions and solving equations and
inequalities using field properties, axioms of equality and inequality, and
properties of order that are valid for the set of real numbers and its subsets;

¢) solving quadratic equations #-ene-variable beth algebraically and
graphically;

d) solving multistep linear equations algebraically and graphically;

¢) solving systems of two linear equations in two variables beth-algebraically and
graphically; and

f) apply solving real-world problems involving equations and systems of equations.

Graphing calculators will be used both as a primary tool in solving problems and to

verify algebraic solutions.

The student will solve multistep linear equations-and inequalities in ene two
variables, including

a) solving multistep linear inequalities algebraically and graphically; asd
b) solving real-world problems involving inequalities; and

¢) solving systems of inequalities.

The-stadent-will selve-multisteplinearequations [Moved to new SOL A.4 d] and

nequalitiesin-ene-vartable; [Moved to new SOL A.5] selveliteralequations

tformulas)-fora-given-variable; [Moved to new SOL A.4 a] and-apphytheseskillste

selve-practical problems: [Moved to new SOL A .4 f] Gmphmg—ealeul—a%e%s—wn—l—l—be

wsed-toconfirmateebrate solutions: Pdevete € [Moved to
new SOL A .4]
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and-inequalities: [Moved to new SOL A. 4 b] J&sﬁ-ﬁeaﬁoas—m—l—l—mel&de t,he—&se—ef
conercte objects: pretorial representations: and the properties ol real numbers.
equality;-and-inequality: [Move to Curriculum Framework]

The student will seleetjustifyand-apply-an-appropriate-technique-te graph linear
fuﬁc—t&eﬂs guatlon s and 11near 1nequa11t1es in two variables: %Eeehmq&es—wﬂrl—me}&de

gP&phmg—ea%e&Laféef [Move to Currlculum Framework] 1nc1ud1ng
a) determining the slope of a line when given an equation of the line, the graph of

the line, or two points on the line. Slope will be described as rate of change and
will be positive, negative, zero, or undefined;

b) writing 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) graphing linear functions and inequalities in two variables.

Fhestudent-will [Moved to new SOL A.6], seleet justify-and-applyan-appropriate
technigue-to [Move to Curriculum Framework] graph-linearfunetions-and-inear
mequ&l—r&es—m—&wow&&bles— [Moved to new SOL A.6 c] JEeehmqaes—wﬂ-l—meLade

points on the line. or the slope and a point on the line. [Movd to new SOL A.6 b]
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Functions

A7 The student will investigate and analyze function (linear and quadratic) families and
their characteristics both algebraically and graphically, including
a) determining whether a relation is a function;
b) domain and range;
¢) zeros of a function;

d) X- and v-1ntercepts

8 ¢ ﬁndmg the values of a funct1on for elements in its domain; and
g f) making connections between and among multiple representations of functions
including concrete, verbal, numeric, graphic, and algebraic.

Fepfesentaﬂens [Moved to new SOL A 7 g ﬂ to—analy—zea—gﬁﬁl—set—ef—d-ata—fer—the

[Moved to new

[Moved to new SOL A. 7 f ] and—leeate—the—zefos—ef—t-he—f&netien [Moved to new SOL

A7 ¢.] both algebratcally and with a graphing caleulator. The valuc ol /iy will be
related-to-the-ordinate-on-thegraph: [Move to Curriculum Framework]

A48 A.8 The student will, given a situation in a real-world context, analyze a relation to
determine whether a direct or inverse variation exists, and represent a direct variation
# algebraically and graphically—fpessible:, and an inverse variation algebraically.

Statistics

1nterpret var1at1on in real world contexts and calculate and 1nterpret mean absolute

deviation, standard deviation, and z-scores.

>
=S

The student will compare and contrast multiple univariate data sets using box-and-
whisker plots.

A+6 A.11 The student will;-givena-set-of datapeints;-write-an-equationforatine collect and
analvze data, determine the equation of the curve of best fit use-the-egquation in order

to make predictions-, and solve real-world problems using mathematical models.
Mathematical models will include linear and quadratic functions.

Proposed Revised Mathematics Standards of Learning
February 19, 2009
Page 48



Attachment A

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,
among other things, properties of geometric figures, trigonometric relationships, and reasoning to
justify conclusions. Methods of justification will include paragraph proofs, two-column proofs,
indirect proofs, coordinate proofs, algebraic methods, and verbal arguments. A gradual
development of formal proof is encouraged. Inductive and intuitive approaches to proof as well
as deductive axiomatic methods should be used.

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. Calculators, computers, graphing utilities
(graphing calculators or computer graphing simulators), dynamic geometry software, and other
appropriate technology tools will be used to assist in teaching and learning. Any technology that
will enhance student learning should be used.

Reasoning, Lines, and Transformations

G.1 The student will 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;
c) using Venn diagrams to represent set relationships; and

d) using deductive reasoning-ineludingthetaw-ofsyloegism. [Move to Curriculum

Framework]

G4 G.2 The student will use the relationships between angles formed by two lines cut by a
transversal to
a) determine if two lines are parallel; and
b) verify the parallelism, using algebraic and coordinate methods as well as
deductive proofs:; and
¢) solve real-world problems involving angles formed when parallel lines are cut by
a transversal.

and-congruent-angles-thatinclude-vertical angles; [oved to new SOL 8.7 a] angles
formed-when-paralleHines-are-eut-by-atransversal; [Moved to new SOL G.2] and
angles-polygons: [Moved to new SOL G.10]
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The student will use pictorial representations, including computer software,

constructions, and coordinate methods, to solve problems involving symmetry and

transformation. This will include

a) investigating and using formulas for finding distance, midpoint, and slope;

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

b} ¢) 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, exrotated, or
dilated using coordinate methods.

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) aperpendicular to a given line from a point not on the line;

d) aperpendicular to a given line at through a given point on the line;
e) the bisector of a given angle;and;

f) an angle congruent to a given angle; and

g) aline parallel to a given line through a point not on the given line.

Triangles

66G.5

&7 G.8

The student wiH, given information concerning the lengths of sides and/or measures

of angles in triangles, will apply-the-triangle-inequality properties-to-determine
wlhicther a triangle exists and to order sides and angles.

a) order the sides by length, given the angle measures;

b) order the angles by degree measure, given the side lengths;

¢) determine whether a triangle exists; and

d) determine the range in which the length of the third side must lie.

These concepts will be considered in the context of praetieal real-world situations.

The student will

b) prove two triangles are congruent er-stmtar; [Moved to new SOL G.7] given
information in the form of a figure or statement, using algebraic and coordinate
methods as well as deductive proofs.

The student will prove two triangles are similar given information in the form of a
figure or statement, using algebraic and coordinate methods as well as deductive

proofs.

The student will solve praetieal real-world problems involving right triangles by
using the Pythagorean Theorem and its converse, properties of special right triangles,

and right triangle trigonometry. Selutions-will-be-expressed-inradical-form-oras
deeimal-approximations: [Move to Curriculum Framework]
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Polygons and Circles

&2 G9

2
o

.

The student will

b) prewev erlfy_ these preperties characterlstlcs of quadrllaterals—usmg—a}gebfm&aﬂd
coordinate-methods-as-wel-as-deduetive reasening [Move to Curriculum

Framework] and
e} use properties of quadrilaterals to solve-praetieal real-world problems.

The student will solve real-world problems involving angles of polygons.

preblems: [Moved to new SOL G.10] FesseHations-and-tHingproblems-wil-beused
to-make-connections-to-art-constructionand-nature: [Move to Curriculum
Framework]

The student will use angles, arcs, chords, tangents, and secants to
a) investigate, prexe verify, and apply properties of circles;

b) solve real-world problems involving properties of circles; and
¢) find arc length and areas of sectors in circles.

The student will, given the coordinates of the center of a circle and a point on the
circle, write the equation of the circle.

eonstruetion [Move to Curriculum Framework]

Three-Dimensional Figures

:

.13 The student will use formulas for surface area and volume of three-dimensional
objects to solve praetieal real-world problems. Calewlators-will-be-used-tofind

deectmal-approximationsforrestlts: [Move to Curriculum Framework]
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G4 &3 G.14 The student will use similar geometric objects in two- or three-dimensions to
a) use-propertional reaseningto-selve practical prob i imilarg i

objeets:and-compare ratios between side lengths, perimeters, areas, and volumes;

b) determine how changes in one or more dimensions of an object affect area and/or

volume of the object; and

¢) determine how changes in area and/or volume of an object affect one or more
dimensions of the object; and

e d) solve real-world problems about similar geometric objects.

s 5
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Algebra, Functions, and Data Analysis

[Adopted by the Virginia Board of Education on June 28, 2007]

The following standards outline the content for a one-year course in Algebra, Functions, and
Data Analysis. All students who are pursuing a technical field are expected to achieve the
Algebra, Functions, and Data Analysis or Algebra II standards. This course is designed for
students who have successfully completed the standards for Algebra I. 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-
life 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 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.

The infusion of technology (graphing calculator and/or computer software) in this course will
assist in modeling and investigating functions and data analysis.

Algebra and Functions

AFDA.1 The student will investigate and analyze function (linear, quadratic, exponential,
and logarithmic) families and their characteristics. Key concepts include:
a) continuity;
b) local and absolute maxima and minima;
¢) domain and range;
d) zeros;
e) intercepts;
f) intervals in which the function is increasing/decreasing;
g) end behaviors; and
h) asymptotes.

AFDA.2 The student will use knowledge of transformations to write an equation
given the graph of a function (linear, quadratic, exponential, and
logarithmic).
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AFDA.3

AFDA 4

AFDA.S

Attachment A

The student will collect data and generate an equation for the curve
(linear, quadratic, exponential, and logarithmic) of best fit to model real-
world problems or applications. Students will use the best fit equation to
interpolate function values, make decisions, and justify conclusions with
algebraic and/or graphical models.

The student will transfer between and analyze multiple representations of
functions including algebraic formulae, graphs, tables, and words.
Students will select and use appropriate representations for analysis,
interpretation, and prediction.

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

Data Analysis

AFDA.6

AFDA.7

AFDA.8

The student will calculate probabilities. Key concepts include:
a) conditional probability;

b) dependent and independent events;

c) addition and multiplication rules;

d) counting techniques (permutations and combinations); and
e) Law of Large Numbers.

The student will analyze the normal distribution. Key concepts
include:

a) characteristics of normally distributed data;

b) percentiles;

c) normalizing data using z-scores; and

d) area under the standard normal curve and probability.

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

The standards below outline the content for a one-year course in Algebra II. Students enrolled in
Algebra II are assumed to have mastered those concepts outlined in the Algebra I standards. All
students preparing for postsecondary and advanced technical studies are expected to achieve the
Algebra II standards. A thorough treatment of advanced algebraic concepts is provided through
the study of functions, “families of functions,” equations, inequalities, systems of equations and
inequalities, polynomials, rational and radical expresstons equations, complex numbers,
matriees; 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 also should 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 graphs” from
a given graph 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 (graphing calculators or computer graphing simulators), computers,
spreadsheets, and other appropriate technology tools will be used to assist in teaching and
learning. Graphing utilities enhance the understanding of realistic applications through
mathematical modeling and aid in the investigation and study of functions. They also provide an
effective tool for solving/verifying equations and inequalities. Any other available technology
that will enhance student learning should be used.

Expressions and Operations

to new SOL A 4 b] eempleaenﬂmbefs— [Moved to new SOL AII 3] aﬂd—m&‘eﬂees

AH2 AIlL1 The student will=given—+s s expre 5
a) add, subtract, multlply, d1V1de and s1mp11fy ratlonal 1gebra1 express10ns
b) add, subtract, multiply, divide, and simplify radical expressions containing
pesitive rational numbers and variables, and expressions containing rational
exponents;
c) write radical expressions as expressions containing rational exponents and vice
versa; and

d) factor eempletely polynomials completely.

[Moved to new SOL AII 1 a] me}ud-r&g—eemﬁ}@effaeﬁeﬂs— [Move to Currlculum

Framework]
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VEESAL [Moved to new SOL AII.l c]

AlLS -T—h%studeﬁt—wqﬂ *de&&ﬁy—aad—f&eter—eompletel—y—pel—ynem}s [Moved to new SOL
All.1 d] represen :

d—kffefene%ef—e&bes,—aﬂd—geneml—&iﬁomls [Move to Curr1culum Framework]

AHA6 AILL2 The student will investigate and apply the properties of arithmetic and geometric
sequences and series to solve praetieal real-world problems, including writing the first
n terms, finding the n™ term, and evaluating summation formulas. Notation will
include X and a,,.

AHA7Z AIL.3 The student will perform operations on complex numbers and-, express the results
in simplest form—Simplifyring results-wilinvelve using patterns of the powers of i- ,

and identify field properties that are valid for the complex numbers.

Equations and Inequalities

All.4 The student will solve, algebraically and graphically,
a) absolute value equations and inequalities;
b) quadratic equations over the set of complex numbers-;
¢) equations containing rational algebraic expressions; and
d) equations containing radical expressions.

Graphing calculators will be used for solving and for confirming the algebraic
solutions.

A4 Fhestudentwitsobeeabsolutevadueegratonsand-meguahities [ Moved o new SOL
All4 a] glﬁ&ph}eal-l-yLa-nd—aJ:gebfaie&Hy [Moved to new SOL AlL 4] G%&phmg

new SOL AII 41
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A4 AILS The student will solve nonlinear systems of equations, including linear-quadratic

and quadratlc quadratlc algebralcally and graphlcally ;Eh%gfapknng—ealeula{er—wal-l

ealum-FEramework! The grap_hlng calculator will be used asa tool to Vlsuahz
graghs and Qredwt the number of solutions.

gPaphmg—ea-}eul-ate%s— [Moved to new SOL AlL 6]

AllL.6 The student will recognize the general shape of function (absolute value, square root,
cube root, rational, polynomial, exponential, and logarithmic) families and will
convert between graphic and symbolic forms of functions. A transformational
approach to graphing will be employed. The graphing calculator will be used as a tool
to investigate the shape and behavior of these functions.

AllL.7 The student will investigate and analyze functions algebraically and graphically. Key
concepts include
a) domain and range, including limited and discontinuous domains and ranges;
b) zeros:
¢) x- and y-intercepts;
d) intervals in which a function is increasing/decreasing;
€) asymptotes;
f) end behavior;
g) inverse of a function; and
h) composition of multiple functions.

The graphing calculator will be used as a tool to assist in investigation of functions.

AH9 Fhe-stadent-wil-find-the-domain; [Moved to new SOL All.7 a] range; [Moved to
new SOL AIl.7 a] zeres; [Moved to new SOL All.7 b]-and-inverse-of-a-funetion

[Moved to new SOL AIl.7 g]; the-value-ofafunctionforagiven-elementinits
demain; [Moved to new SOL A.6 £¢] and-the-compesition-efmultiple funetions.
[Moved to new SOL AIl.7 h] EFunetions-willinelude-exponential,logarithmie; [Move
to Curriculum Framework] and-these-thathave-domains-and ranges-that-are limited
and/er-diseontintous: [Moved to new SOL All.7 a] Fhegraphingealenlator-will be
wsed-as-a-tooltoassistintrvestisation-of funetions: PMeveto-Currienlum
Erameweork} [Moved to new SOL AIlL.7]

Proposed Revised Mathematics Standards of Learning
February 19, 2009
Page 57



Attachment A

AILS The student will investigate and describe threugh-the-use-of-graphs the relationships
between the solution of an equation, zero of a function, x-intercept of a graph, and
factors of a polynomial expression.

Statistics

AHA9 Al 9 The student will collect and analyze data, determine the equation of the curve
of best fit, o make predictions, and solve praetieal real-world problems using

mathematical models. Graphing-ealenlators-will be-used-to-investigate seatterplots

and-to-determine-the-equationfor-a-eurve-ofbestfit- [Move to Curriculum
Framework] Mathematical Mmodels will include hrear; quadratie, polynomial,

exponential, and logarithmic functions.

AH20 Al 10 The student will identify, create, and solve praetieal real-world problems
involving inverse variation, joint variation, and a combination of direct and inverse
variations.

AIl.42 11 The student will identify properties of a normal distribution and apply those
properties to determine probabilities associated with areas under the standard normal
curve.

AlIl.43 12 The student will compute and distinguish between permutations and combinations
and use technology for applications.

factors-ofa-pelynemial-expression: [Move to Currlculum Framework in support of
new SOL AIL.7]
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Attachment A

Trigonometry

The standards below outline the content for a one-semester course in trigonometry. Students
enrolled in trigonometry are assumed to have mastered those concepts outlined in the Algebra II
standards. A thorough treatment of trigonometry is provided through the study of trigonometric
definitions, 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 calculators, computers, and other appropriate technology tools will be used to assist in
teaching and learning. Graphing utilities enhance the understanding of realistic applications
through modeling and aid in the investigation of trigonometric functions and their inverses.
They also provide a powerful tool for solving/verifying trigonometric equations and inequalities.

T.1 The student will use the definitions of the six trigonometric functions to find the sine,
cosine, tangent, cotangent, secant, and cosecant of an angle in standard position,
glven a pomt other than the orlgm on the termlnal 51de of the angle Gl-reulraf

Trlgonometrlc functlons defined on the unit c1rc1e will be related to trlgonometrlc
functions defined in right triangles.

T.2 The student will, given the value of one trigonometric function, find the values of the

other trigonometric functions—Preperties-of the-uniteirele-and , using the definitions
and properties of eirentar the trigonometric functions. will-be-applied-

T.3 The student will find without the aid of a ealewlatingutitity calculator the values of
the trigonometric functions of the special angles and their related angles as found in
the unit circle. This will include converting angle measures from radians to degrees
and vice versa.

T.4 The student will find with the aid of a calculator 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.
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T.8

T.9

Attachment A

The student, given one of the six trigonometric functions in standard form

fegoy = A sin(By v )+ Dowhere A B, Coand D are real numbersi, will

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

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

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

d) Fhegraphingealenlator-wil-be-used-to-investigate the effect of changing 4-B-€;

and-D the parameters in a trigonometric function on the graph of atrigenemetrie the

function.

The student will identify the domain and range of the inverse trigonometric functions
and recognize the graphs of these functions. Restrictions on the domains of the
inverse trigonometric functions will be included.

The student will solve trigonometric equations that include both infinite solutions and
restrlcted domaln solutions and solve basic trlgonometrlc 1nequa11t1es Graphing

verify-algebrate solutions: [Move to Currlculum Framework]

The student will identify, create, and solve praetieal real-world problems involving
triangles. Techniques will include using the trigonometric functions, the Pythagorean
Theorem, the Law of Sines, and the Law of Cosines.
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Algebra Il and Trigonometry

The standards for this combined course in Algebra I and Trigonometry include all of the
standards listed for Algebra Il and Trigonometry. This course is designed for advanced students
who are capable of a more rigorous course at an accelerated pace. The standards listed for this
course provide the foundation for students to pursue a sequence of advanced mathematical
studies from Mathematical Analysis to Advanced Placement Calculus.

Expressions and Operations

i hat-are-vali he and o [Moved
to new SOL A 4 b] eomplaenumbefs—[Moved to new SOL AII/T 3]&1&d—mamees

A2 AII/T.1 The student will, given rational, radical, or polynomial expressions,

a) add, subtract, multiply, divide, and simplify rational algebraic expressions;

b) add, subtract, multiply, divide, and simplify radical expressions containing
pesitive rational numbers and variables, and expressions containing rational
exponents;

c) write radical expressions as expressions containing rational exponents and vice
versa; and

d) factor eempletely polynomials completely.

[Moved to new SOL AII/T 1 a] meh&dmg—eompl@efmeﬁeﬂ& Move to Cumeulum

Framework]

b} =

Versas [Moved to new SOL AII/T.l c]

AHAS  Thestadent-will identify-and factorcompletelypelynomials [Moved to new SOL
AT T d] representinethe-ditference ol squuresperkectsguare-triotabsy—the-suh
and-difference-of cubesand-general trinomtals. [Move to Curriculum Framework]

AHAA6 AII/T.2 The student will investigate and apply the properties of arithmetic and
geometric sequences and series to solve praetieal real-world problems, including
writing the first » terms, finding the ™ term, and evaluating summation formulas.
Notation will include ¥ and a,,.
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AHA? AI/T.3 The student will perform operations on complex numbers and-, express the

results in simplest form—Stmphfirngresultswillinvelve-using patterns of the powers

of i- , and identify field properties that are valid for the complex numbers.

Equations and Inequalities

All/T.4

The student will solve, algebraically and graphically,

a) absolute value equations and inequalities;

b) quadratic equations over the set of complex numberss ;
¢) equations containing rational algebraic expressions; and
d) equations containing radical expressions.

Graphing calculators will be used for solving and for confirming the algebraic

solutions.

The student will solve absolute value equations and incqualities [ Moved to new SOL
AIl/T .4 a] gfaphﬂkeal-l-y—aﬂd—a}gebfaie&l-ly [Moved to new SOL AII/T 4] Graphing

so}af&eﬂs— [Move to Cumculum Framework]

%%ﬁda%rﬂ—soh%eq&aﬂe&s—eeﬁamwaﬂom%&epfesﬁo&s [Moved to new SOL
All/T.4 c] and-equatior iine :

[Moved to new SOL AII/T 4 d] Gm@h&g—ealeul—a%e%s—wﬂ—b%&sed—for—se#mgﬂmd—fof
confirming the-algebraieselutions: [Move to Curriculum Framework]

AHAH4 AII/T.S The student will solve nonlinear systems of equations, including linear-

quadratlc and quadratlc quadra‘uc algebralcally and graphlcally T—h%gfa-phm«g

- IMoewe grerenlum-Frame The graphing calculator will be used as
a tool to v1suahze graphs and gredlct the number of solutions.

gPaphmg—ea}eu}&toiﬁs— [Moved to new SOL AH/T 6]
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Attachment A

The student will recognize the general shape of function (absolute value, square root,

AI/T.7

cube root, rational, polynomial, exponential, and logarithmic) families and will
convert between graphic and symbolic forms of functions. A transformational
approach to graphing will be employed. The graphing calculator will be used as a
tool to investigate the shape and behavior of these functions.

The student will investigate and analyze functions algebraically and graphically. Key

concepts include

a) domain and range, including limited and discontinuous domains and ranges;
b) zeros;

¢) x-and y-intercepts;

d) intervals in which a function is increasing/decreasing;

e) asymptotes;

f) end behavior;

g) inverse of a function; and

h) composition of multiple functions.

The graphing calculator will be used as a tool to assist in the investigation of
functions.

Fhe-stadent-wil-find-the-domain; [Moved to new SOL AII/T.7 a] +ange; [Moved to
new SOL AII/T.7 a]zeres; [Moved to new SOL AIl/T.7 b]-and-inverse-of afunetion

[Moved to new SOL AII/T 7 g]; the~value-of afunctionforagiven-elementinits
domain;-and-the-composition-of multiple funetions. [Moved to new SOL AII/T.7 h]
Fuﬂeﬁeﬂs—mﬂ—memde—e*peﬂei%eg&mhim& [Move to Cumculum Framework]

and; gous: [Moved
to new SOL AII/T 7 a] %Che—gmphmg—ea}ehﬂa%er—“%tsed—&s—a—teeﬂ—teﬂass%m
m&tes&ga&e&ef—fuﬂeﬁeﬂ& [Moved to new SOL

AIl/T.8

The student will investigate and describe threugh-the-use-ofgraphs the relationships
between the solution of an equation, zero of a function, x-intercept of a graph, and

factors of a polynomial expression.
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Statistics

AHAA9 AII/T. A9 9 The student will collect and analyze data, determine the equation of the
curve of best fit, o make predictions, and solve praetieal real-world problems using

mathematical models. Graphing-ealenlators-will be-used-to-investigate seatterplots

and-to-determine-the-equationfor-a-eurve-ofbestfit- [Move to Curriculum
Framework] Mathematical Mmodels will include hrear; quadratie, polynomial,

exponential, and logarithmic functions.

AHA20 AII/T. 4 10 The student will identify, create, and solve praetieal real-world problems
involving inverse variation, joint variation, and a combination of direct and inverse
variations.

AIl/TA2 11 The student will identify properties of a normal distribution and apply those
properties to determine probabilities associated with areas under the standard normal
curve.

AIl/T43 12 The student will compute and distinguish between permutations and combinations
and use technology for applications.

factors-of a-pelynemial-expression: [Move to Cumculum Framework to support new
SOL AIl/T.7]

SOL AIUT. 5]
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Trigonometry

AIl/TA4 13  The student will use the definitions of the six trigonometric functions to find the
sine, cosine, tangent, cotangent secant, and cosecant of an angle in standard position,
grven a pornt other than the orrgrn on the terrnlnal s1de of the angle Grreuiar

Trlgonometrrc functlons defined on the unit crrcle will be related to trlgonometrlc
functions defined in right triangles.

AIl/T45 14 The student will, given the value of one trigonometric function, find the values of

the other trigonometric functions- Preperties-of the-unit-cirele-and using the
definitions and properties of eirewar the trigonometric functions. wil-be-applied:

AIl/T 4615 The student will find without the aid of a ealewlatingutility calculator the values
of the trigonometric functions of the special angles and their related angles as found
in the unit circle. This will include converting angle measures from radians to degrees

and vice versa.

AIl/T4Z216 The student will find with the aid of a calculator the value of any trigonometric
function and inverse trigonometric function.

AIl/T48 17 The student will verify basic trigonometric identities and make substitutions,
using the basic identities.

AI/TA9 18  The student, given one of the six trigonometric functions in standard form

fe-eyv—=Asimn(Bx+ O+ D-where 4B Cand-Darereal numbers}; will

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

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

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

d) Fhe-graphing-ealeulator-will-be-used-te-investigate the effect of changing4-5-C;

and-D the parameters in a trigonometric function on the graph of atrigenemetrie-the

function.

AI/T.2819  The student will identify the domain and range of the inverse trigonometric
functions and recognize the graphs of these functions. Restrictions on the domains of
the inverse trigonometric functions will be included.

AIUT.2+20 The student will solve trigonometric equations that include both infinite solutions
and restrlcted domain solutions and solve basic tr1gonometr1c 1nequa11t1es Graphing

Veﬁ-ﬁyhaﬂ}gebrm&sehmens— [Move to Currlculum Framework]

AIl/T.22 21 The student will identify, create, and solve practical problems involving triangles.
Techniques will include using the trigonometric functions, the Pythagorean Theorem,
the Law of Sines, and the Law of Cosines.
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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 beginning geometry. Students who successfully complete the standards for this
course may earn credit toward meeting the mathematics graduation requirement. It is recognized
that many students will gain computer skills in other mathematics courses or in a separate
curriculum outside of mathematics and prior to high school. In such cases, the standards
indicated by an asterisk (*) should be included in the student’s course of study and treated as a
review.

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
involving subprograms, should permeate the entire course and may include programming a
graphing calculator or scripting a problem solution in a database or spreadsheet. Programming
concepts, problem-solving strategies, and mathematical applications 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 apply programming techniques and skills to solve praetieal real-
world problems in mathematics arising from consumer, business, and other
applications in mathematics. Problems will include opportunities for students to
analyze data in charts, graphs, and tables and to use their knowledge of equations,
formulas, and functions to solve these problems.

*COM.2 The student will design, write, test, debug, and document a program. Programming
documentation will include preconditions and postconditions of
program segments, input/output specifications, the step-by-step plan, the test data,
a sample run, and the program listing with appropriately placed comments.

*COM.3 The student will write program specifications that define the constraints of a given
problem. These specifications will include descriptions of preconditions,
postconditions, the desired output, analysis of the available input, and an indication as
to whether or not the problem is solvable under the given conditions.
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*COM.4

*COM.5

*COM.6

*COM.7

COM.8

COM.9

COM.10

COM.11

*COM.12

COM.13

COM.14

COM.15

Attachment A

The student will design a step-by-step plan (algorithm) to solve a given problem.
The plan will be in the form of a program flowchart, pseudo code, hierarchy chart,
and/or data-flow diagram.

The student will divide a given problem into manageable sections (modules) by
task and implement the solution. The modules will include an appropriate user-
defined function, subroutines, and procedures. Enrichment topics might include
user-defined libraries (units) and object-oriented programming.

The student will design and implement the input phase of a program, which will
include designing screen layout and getting information into the program by way
of user interaction, data statements, and/or file input. The input phase also will
include methods of filtering out invalid data (error trapping).

The student will design and implement the output phase of a computer program,
which will include designing output layout, accessing a variety of output devices,
using output statements, and labeling results.

The student will design and implement computer graphics, which will include
topics appropriate for the available programming environment as well as student
background. Students will use graphics as an end in itself, as an enhancement to
other output, and as a vehicle for reinforcing programming techniques.

The student will define simple variable data types that include integer, real (fixed and
scientific notation), character, string, and Boolean.

The student will use appropriate variable data types, including integer, real (fixed and
scientific notation), character, string, and Boolean. This will also include variables
representing structured data types.

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

The student will translate a mathematical expression into a computer statement,
which involves writing assignment statements and using the order of operations.

The student will select and implement built-in (library) functions in processing
data.

The student will implement conditional statements that include "if/then"
statements, "if/then/else" statements, case statements, and Boolean logic.

The student will implement loops, including iterative loops. Other topics will
include single entry point, single exit point, preconditions, and postconditions.
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COM.16

*COM.17

COM.18

COM.19

COM.20

Attachment A

The student will select and implement appropriate data structures, including
arrays (one-dimensional and/or multidimensional), files, and records.
Implementation will include creating the data structure, putting information into
the structure, and retrieving information from the structure.

The student will implement pre-existing algorithms, including sort routines,
search routines, and simple animation routines.

The student will test a program, using an appropriate set of data. The set of test
data should be appropriate and complete for the type of program being tested.

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

The student will design, write, test, debug, and document a complete structured
program that requires the synthesis of many of the concepts contained in previous
standards.
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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 desired, the standards with an asterisk (*) would apply. Students
enrolled in this course are assumed to have mastered the concepts identified in the Standards of
Learning for Algebra II. The purpose of the course is to present basic concepts and techniques
for collecting and analyzing data, drawing conclusions, and making predictions.

A graphing calculator is essential for every student taking the Probability and Statistics course
and is required for the Advanced Placement Statistics Examination. The calculator may not fully
substitute for a computer, however. In the absence of a computer for student use, teachers may
provide students with examples of computer output generated by a statistical software package.

*PS.1

*PS.2

*PS.3

*PS.4

PS.5

PS.6

PS.7

The student will analyze graphical displays of univariate data, including dotplots,
stemplots, and histograms, to identify and describe patterns and departures from
patterns, using central tendency, spread, clusters, gaps, and outliers. Appropriate
technology will be used to create graphical displays.

The student will analyze numerical characteristics of univariate data sets to describe
patterns and departure from patterns, using mean, median, mode, variance, standard

deviation, interquartile range, range, and outliers. Appropriate-technology-will-be
used-to-calenlatestatisties: [Move to Curriculum Framework]

The student will compare distributions of two or more univariate data sets, analyzing
center and spread (within group and between group variations), clusters and gaps,

shapes, outliers, or other unusual features. Appropriate-technology-will-be-used-te
generategraphieal-displays:[Move to Curriculum Framework]

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. Apprepriate-technology-will be-used-to
generate-seatterplots-and-identify-outliers-and-influential peints: [Move to Curriculum

Framework]

The student will find and interpret linear correlation, use the method of least squares
regression to model the linear relatlonshlp between two variables, and use the res1dua1
plots to assess linearity. hnolog ]

cocthictentsundrestdunt-plots:

The student will make logarithmic and power transformations to achieve linearity.

Appropriate-technology-will- be-used:- [Move to Curriculum Framework]

The student, using two-way tables, will analyze categorical data to describe patterns
and departure from patterns and to find marginal frequency and relative frequencies,
including conditional frequencies.
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*PS.8

*PS.9

PS.10

*PS.11

*PS.12

*PS.13

PS.14

PS.15

Attachment A

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.

The student will plan and conduct a survey. The plan will address sampling
techniques (e.g., simple random and stratified) and methods to reduce bias.

The student will plan and conduct an experiment. The plan will address control,
randomization, and measurement of experimental error.

and-use-technologyforappheations: [Moved to new SOL AIl.42 12 and new SOL
AT 12]

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

The student will find 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 probability distribution for
discrete random variables, including computing the mean and standard deviation for
the binomial variable.

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

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

*PS.+# 16 The student will identify properties of a normal distribution and apply the normal

distribution to determine probabilities, using a table or graphing calculator.

*PS.46 17 The student, given data from a large sample, will find and interpret point estimates

PS4F 18

and confidence intervals for parameters. The parameters will include proportion and
mean, difference between two proportions, and difference between two means
(independent and paired).

The student will apply and interpret the logic of a hypothesis-testing procedure. Tests
will include large sample test for proportion, mean, difference between two
proportions, and difference between two means (independent and paired) and Chi-
squared test for goodness of fit, homogeneity of proportions, and independence.
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PS 4819 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.

PS4920 The student will identify properties of a t-distribution and apply t-distributions to
single-sample and two-sample (independent and matched pairs) t-procedures, using
tables or graphing calculators.
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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 desired, the standards with an asterisk (*) would apply. Students enrolled
in Discrete Mathematics are assumed to have mastered the concepts outlined in the Standards of
Learning for Algebra II.

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. Mederr Technology
(graphing calculators and/or computers) will be an integral component of this course.

*DM.1  The student will model problems, using vertex-edge graphs. The concepts of valence,
connectedness, paths, planarity, and directed graphs will be investigated. Adjacency
matrices and matrix operations will be used to solve problems (e.g., food chains,
number of paths).

*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 coloring and chromatic
number will be used.

*DM.4  The student will apply algorithms, such as Kruskal’s, Prim’s, or Dijkstra’s,
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.5  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.6  The student will solve linear programming problems. Appropriate technology will be
used to facilitate the use of matrices, graphing techniques, and the Simplex method of
determining solutions.
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*DM.7

DM.8

DM.9

DM.10

DM.11

DM.12

DM.13

Attachment A

The student will analyze and describe the issue of fair division (e.g., cake cutting,
estate division). Algorithms for continuous and discrete cases will be applied.

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.

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 storing, processing, and communicating information. These will include
a) bubble sort, merge sort, and network sort; and

b) ISBN, UPC, Zip, and banking codes.

The student will select, justify, and apply an appropriate technique to solve a logic
problem. Techniques will include Venn diagrams, truth tables, and matrices.

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

The standards below outline the content for a one-year course in Mathematical Analysis.
Students enrolled in Mathematical Analysis are assumed to have mastered Algebra II 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 calculators, computers, and other appropriate technology tools will be used to assist in
teaching and learning. Graphing utilities enhance the understanding of realistic applications
through modeling and aid in the investigation of functions and their inverses. They also provide
a powerful tool for solving and verifying equations and inequalities.

MA.1 The student will investigate and identify the characteristics of polynomial and rational
functions and use these to sketch the graphs of the functions. This will include
determining zeros, upper and lower bounds, y-intercepts, symmetry, asymptotes,
intervals for which the function is increasing or decreasing, and maximum or
minimum points. Graphing utilities will be used to investigate and verify these
characteristics.

MA.2 The student will find apply compositions of functions and inverses of functions to
real-world situations. Analytical methods and graphing utilities will be used to
investigate and verify the domain and range of resulting functions.

MA.3 The student will investigate and describe the continuity of functions using graphs and

algebraic methods. Fhefanetions-wilineludepiecewise-and-step-funetions: [Move to

Curriculum Framework]

MA .4 The student will expand binomials having positive integral exponents through the use
of the Binomial Theorem, the formula for combinations, and Pascal’s Triangle.

MA.5 The student will find the sum (sigma notation included) of finite and infinite
convergent series that will lead to an intuitive approach to a limit.

MA.6 The student will use mathematical induction to prove formulas/statements.

MA.7 The student will find the limit of an algebraic function, if it exists, as the variable
approaches either a finite number or infinity. A graphing utility will be used to verify
intuitive reasoning, algebraic methods, and numerical substitution.

MA.8 The student will investigate and identify the characteristics of conic section equations
in (h, k) and standard forms. The techniques of translations in the coordinate plane
will be used to graph conic sections.
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MA.9

MA.10

MA.11

MA.12

Attachment A

The student will investigate and identify the characteristics of exponential and
logarithmic functions in order to graph these functions and solve equations and
praetieal real-world problems. This will include the role of e, natural and common
logarithms, laws of exponents and logarithms, and the solution of logarithmic and

exponential equations. Graphingutilities-wil-be-used-to-investigate-and-verify-the
sraphs-and-selutiens: [Move to Curriculum Framework]

The student will investigate and identify the characteristics of the graphs of polar
equations, using graphing utilities. This will include classification of polar equations,
the effects of changes in the parameters in polar equations, conversion of complex
numbers from rectangular form to polar form and vice versa, and the intersection of
the graphs of polar equations.

The student will perform operations with vectors in the coordinate plane and solve
praetieal real-world problems using vectors. This will include the following topics:
operations of addition, subtraction, scalar multiplication, and inner (dot) product;
norm of a vector; unit vector; graphing; properties; simple proofs; complex numbers
(as vectors); and perpendicular components.

The student w111 use parametrlc equat1ons to model and solve apphcatlon problems

eq&&&eﬂs— [Move to Currlculum Framework]

The student will identify, create, and solve praetieal real-world problems involving
triangles. Techniques will include using the trigonometric functions, the Pythagorean
Theorem, the Law of Sines, and the Law of Cosines.

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

[The College Board publishes the curricula for all Advanced Placement courses and updates
these curricula biennially. Four comments from the public suggested that the course code for
Advanced Placement Calculus be maintained but the Standards of Learning be deleted since
teachers use the materials published by The College Board to guide instruction. The deletion of
these Standards of Learning would be consistent with AP Statistics and AP Computer Science in
the list of mathematics courses approved by the Board of Education to be used for high school
graduation in Virginia.]
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including velocity, speed, and acceleration; and
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Attachment B

Summary of Comments on the
Proposed Revised Mathematics Standards of Learning
October 24, 2008 through December 3, 2008

A total of 224 comments was received for the proposed revised Mathematics Standards of
Learning during the public comment period and the public hearings. The public comment period
was October 24, 2008 through November 22, 2008. Two public hearings were held on
December 1, 2008, in Pulaski County and Henrico County. Three public hearings were held on
December 3, 2008, in Chesapeake City, Lynchburg City, and Fairfax County. Public comments
were received electronically, in written letters and faxes, and during the public hearings.

Summary of Attendance at the Public Hearings

Public Hearing S.Ite and Number of Attendees Number of P(_ersons
Date of Hearing Commenting
Hermitage High School

Henrico County 11 8
December 1, 2008
Pulaski High School
Pulaski County 10 6
December 1, 2008
Joliff Middle School
Chesapeake City 21 14
December 3, 2008
Linkhorne Middle School
Lynchburg City 12 3
December 3, 2008
Robinson Secondary School
Fairfax County 15 4
December 3, 2008

Summary of Comments

Kindergarten through Grade 5 127 comments
Grades 6, 7, and 8 58 comments
High School 39 comments

Kindergarten-Grade 5:

e The K-5 revisions do not seem to reflect the intent of NCTM’s Currriculum Focal Points.
There still seems to be an abundance of content at each grade level rather than a few big
ideas.

e The proposed revised Mathematics Standards of Learning have a greatly improved vertical
articulation between elementary and middle grades and gaps have been removed.

e The Curriculum Framework needs to be noted in the opening paragraphs of the standards
document so teachers understand that this document is an extension of the standards
document and its use is critical to understanding the details of the standards.
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Grades 6-8:

Overall the middle school comments were positive about the vertical articulation with the
elementary grades.

There were conflicting opinions about whether or not the amount of content in grades 6-8
was reduced.

There were some comments that the statement in the introduction to grade 7 stating
“students should be ready for Algebra I after successful completion of the grade 7
standards” should be rewritten to state, “may be ready for Algebra I in grade 8.”

There was concern that students who take Algebra I in grade 8 would miss some crucial
content such as scatterplots and multistep linear equations which appear in the grade 8
standards.

There were some suggestions to increase the focus in grade 7 on proportional reasoning.
The move to include more challenging topics in the middle grades, such as compound
events and negative exponents, was questioned as being too abstract for students in this age
group and developmentally inappropriate.

There were conflicting opinions about the addition of inequalities to the grade six standards.

High School:

The revisions enhance the rigor of the standards and represent the knowledge and skills
required for successful entry into credit-bearing college courses and quality jobs.

Added expectations about the normal distribution and the associated statistics in Algebra I
and Algebra II will better prepare students for college and the workplace. However,
variation should be addressed in Algebra II instead of Algebra I.

The organization and focus of the proposed standards for high school courses add clarity.
Additionally, the standards meet the criteria of coherence, specificity, accessibility, and
measurability.

The cognitive demand of the standards is increased.

The actual and perceived connection between the Standards of Learning and the Curriculum
Framework must be strengthened in order to clarify and support the idea of the Curriculum
Framework as an expansion of the standards themselves.

Consider tabling the implementation of the Mathematics Standards of Learning until the
current economic situation is alleviated.

Return at least some references to the graphing calculators to the standards instead of
moving the references to the Curriculum Framework.

Both Achieve and The College Board sent letters evaluating the alignment between the proposed
revised Mathematics Standards of Learning and their respective standards and/or benchmarks.
Both letters follow.
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Attachment B

November 21. 2008

Dr. Patricia Wright

Superintendent of Public Instiuction
Virginia Department of Education
PO Box 2120

Richmond, VA 23218

Dear Dr. Wright:

Achieve has completed the final Quality Review of the alignment of
Virginia's proposed revised Mathematics Standards of Learning (accepted by
the Board of Education on October 23, 2008 for first review) during this
period of time provided for public comment. While the standards have not vet
been finalized, the primary purpose of this review is to ensure that the state’s
proposed revised academic standards for exiting high school align with the
expectations for success in college and career. The American Diploma
Project (ADP) Benchmarks to which these proposed revised Virginia
standards were compared represent the knowledge and skills required for
successful entry into credit-bearing college courses and quality jobs. A
secondary purpose of this review is to ensure that these proposed revised
standards meet the criteria of high quality standards that include rigor,
coherence, focus, specificity, clarity/accessibility, and measurability.

The Virginia proposed revised Mathematics Standards of Learning (SOL)
present student learning expectations that are intellectually demanding
and generally well aligned with the ADP Benchmarks. If Virginia's
students master the state standards. they will likely be well prepared for both
workplace and college success.

Summairy of Findines

s Virginia’s proposed revised Mathematics SOL are generally well
aligned to the ADP Benchmarks in mathematics. The revisions
enhance the rigor of the standards and their alignment with the ADP
Benchmarks in mathematics, particularly in the area of data. statistics
and probability. Virginia proposes adding expectations about the
normal distribution and its associated statistics in both Algebra I and
Algebra II that will better prepare students for college and the
workplace. In addition, the state has added explicit language to the
introduction about the importance of technology. but has removed
explicit references fo technology from the standards themselves. The

1773 Eye Street NW. Suite 410, Washmgton, D.C. 20006 Phone (202) 419-1540 Fax (202) 828-0011

www achieve. org
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state should ensure that technology is comprehensively treated in the revisions to the
Mathemarics SOL Curriculum Framework that include the Essential Knowledge and

Skills and Essential Understandings as proposed.

e Virginia’s proposed revised Mathematics SOL for Algebra, Functions, and Dara
Analvsis provide the scaffold for a strong and innovative option to Algebra II. The
proposed revised Algebra, Functions, and Data Analysis has the potential to provide
students with rigorous mathematics at or approaching the level of Algebra IT in a more
applied and contextualized format — one well suited to students not intending to pursue
mathematics intensive STEM majors and careers. The state is encouraged to develop the
Mathematics SOL Curriculum Framework that includes the Essential Knowledge and
Skills and Essential Understandings to support and further develop the standards
articulated for this course.

e Virginia has enhanced the organization and increased the focus of its proposed revised
high school standards while reducing the actual number of standards. Virginia is to be
commended for a number of steps taken to add clarity and focus to its high school
expectations including the development of an organizational framework for each course
that consists of headings under which standards are categorized. Topics have been
streamlined as well. These proposed revisions should ensure that the standards are more
useful to teachers and curriculum developers and more understandable to educators and
non-educators alike.

e  While alignment between the proposed revised Mathematics SOL and the ADP
Benchmarks is generally strong, there is a difference between the level of preparation
students will receive if they follow a course of study that culminates with Algebra,
Functions and Data Analysis rather than Algebra II, which the state has clarified for
students and teachers. Students who successfully complete a sequence culminating in
Algebra IT should be very well prepared for college level mathematics. including those
courses required for STEM majors and careers. On the other hand, students who
successfully complete a course sequence that culminates with Algebra, Functions and
Data Analysis will be prepared to take non-remedial credit bearing courses such as
College Algebra, but will not have the level of preparation required to successfully
pursue mathematics intensive programs of study in college. The proposed revisions now
make this distinction clear to students and teachers.

Owerall. this review found that as expectations for graduating students. the proposed revised
Mathematics SOL are intellectually challenging. However. as noted in prior Achieve reviews, it
1s still true that the high school graduation requirements are problematic in not requiring
mathematics beyond Geometry. Given Virginia’s graduation requirements for a Standard
Diploma—at least three standard credits and one verified credit in mathematics to include at least
two courses from among Algebra I. Geometry, Algebra II. or other mathematics courses above
the level of algebra and geometry—it is possible that a student may not advance beyond the
successful completion of Geometry. By not completing either Algebra II or Algebra, Functions,
and Data Analysis. these students will not have had the opportunity to learn a substantial portion

Page 4



Attachment B

of content that the ADP Benchmarks define as critical preparation for success in postsecondary
education or 21¥ century careers.

In conclusion, with these proposed revisions to the Mathematics SOL, Virginia has taken an
important step to better prepare young people for success in postsecondary education and in their
careers. My Achieve colleagues and I look forward to continuing to support your efforts to
ensure that Virginia’s students are prepared for the real world demands they will face upon
graduation.

Regards,

Laura Slover

Vice President for Content & Policy Research,
Achieve

LMS:ms

Enclosure

cc: Dr. Thomas Morris
Secretary of Education, Commonwealth of Virginia

Dr. Mark Emblidge
President, Virginia Board of Education
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Achieve Quality Review 1T

Feedback on Virginia’s Proposed Revised Mathematics Standards of Learning
(accepted by the Board of Education on October 23, 2008 for first review)

Documents Reviewed

In this review, Achieve focuses on Virginia's proposed revised Mathematics Standards of
Leaining (dated October 23, 2008) and how these standards align with the Achieve ADP
Benchmarks for Mathematics. In preparing these proposed revised standards, the
Virginia Department of Education took into consideration comments from a variety of
groups, both within and outside of the Commonwealth. Achieve and Virginia’s
American Diploma Project (ADP) Alignment Team provided important feedback at
formative junctures in this work. as part of the Commonwealth’s participation in three
ADP Alignment Instifute meetings held since March 2007. Specifically, in March 2007
Achieve provided its initial analyses of Virginia’s Algebra I. Geometry, and Algebra IT
standards—supplemented by selected standards from the middle grades. as needed, to
align with the ADP Benchmarks. Virginia’s ADP Alignment Team took Achieve’s
initial analysis into consideration when making proposed revisions to the standards,
which were then re-submitted for a comprehensive “Quality Review I analysis
completed in the spring of 2008. For this Quality I Review, Standards of Learning for
Algebra, Functions and Data Analysis were also available so Achieve was able to
incorporate them into its analysis.

For this final review, a “Quality Review II,” Achieve is focusing its analysis on the
proposed revised Mathematics Standards of Learning (dated October 23, 2008, as
accepted by the Board of Education for first review) for Algebra I, Geometry, Algebra IT,
and Algebra, Functions, and Data Analysis. Achieve also included proposed revised
standards for earlier grades, as needed, since the ADP Benchmarks to which the
Commonwealth’s proposed revised standards were being aligned are cumulative in nature
and contain content that may be addressed in middle school grades.

Achieve Review Panel Comments

* Virginia’s proposed revised Mathematics Standards of Learning (SOL) are
generally well aligned with the ADP Benchmarks in mathematics.

Virginia has taken its work to align its state standards with the ADP Benchmarks quite
seriously. The feedback provided as part of earlier Achieve reviews has been taken into
consideration and the Commonwealth’s responses are reflected in the proposed revised
standards. Since proposed revisions to the Commonwealth’s Curriculum Framework
documents were not provided for Achieve’s review, it is assumed that none of the content
from these supporting documents which further develop the Standards of Learning
throngh the delineation of Essential Knowledge and Skills and Essential Understandings
has been deleted. Tt is apparent from the review of the proposed revised Mathematics
SOL., however, that substance from the current Mathemaftics SOL has been proposed to be
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moved to the Curriculum Framework documents. Achieve reviewers viewed this as an
organizational revision, not a substantive deletion from the proposed revised
Mathematics SOL, and hence credited Virginia with including such content in its
expectations.

The state has responded to Achieve’s earlier feedback by making edits and additions to
its standards fo more closely align with the ADP Benchmarks. For example, Virginia’s
Algebra I. Geometry, and Algebra IT standards had earlier been identified as having weak
alignment with the ADP Benchmarks with respect to including an understanding of the
normal distribution. The ADP Benchmarks clearly state that students should know the
characteristics of the normal distribution. Virginia has responded by proposing to add
expectations about the normal distribution and its associated statistics in both Algebra I
and Algebra II. Coupled with the inclusion of the normal curve in Virginia’s recently
adopted Standards of Learning for Algebra. Functions and Data Analysis. the proposed
revised standards will ensure that all students in Virginia have the opportunity to learn
about a facet of data analysis and statistics that will better prepare them for college and
the workplace. In those select instances where the state has chosen not to take Achieve’s
suggestions (for example, an even more extensive freatment of data, statistics and
probability in Algebra I or Algebra IT). the gaps are not significant enough to impact the
overall strong alignment of the proposed revised Marthematics SOL with the ADP
Benchmarks.

While technology is still apparent in the proposed revised Marthematics SOL, it 1s not as
clearly visible within the proposed standards as it is in the existing standards. The Goals
that accompany the proposed revised standards make clear that Virginia strives to prepare
students who can “compete in a technologically sophisticated work force.” It is explicitly
stated that “graphing utilities, spreadsheets, calculators. computers, and other forms of
electronic information technology are now standard tools for mathematical problem
solving in science. engineering. business and industry, government. and practical affairs”
and that “the use of technology must be an integral part of teaching, learning, and
assessment.” In addition, the introductory paragraphs that precede each set of course
standards emphasize that graphing calculators. computers, and other appropriate
technology tools are to be used to assist in teaching and learning. It is somewhat curious.
given this strong advocacy for technology in the introductory material accompanying the
proposed revised standards. that explicit references to technology have been deleted from
the standards themselves. In many instances, references to technology have been moved
to the Curriculum Framework documents. Hopefully. teachers will attend to the
references to technology in the introductory text and in the Curriculum Framework.

* Virginia’s proposed revised Mathematics SOL for Algebra, Functions, and
Data Analysis provide the scaffold for a strong and innovative option—one
well suited to students not intending to pursue mathematics intensive STENM
majors and careers. The Commonwealth is encouraged to develop a
Curriculum Framework to support and further develop the standards
articulated for this course.
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States across the counfry are struggling to define mathematics courses that provide
students with rigorous mathematics at or approaching the level of Algebra IT in a more
applied and contextualized format. Virginia’s Algebra, Functions, and Data Analysis
standards provide a strong framework for such a course but would benefit from the same
level of supporting detail that is provided for the other high school courses (Algebra I.
Geometry, and Algebra IT). To provide districts and schools with the level of detail they
nead to implement such a course. it is important that the Commonwealth develop
Essential Understandings and Essential Knowledge and Skills for this course. enlisting
both postsecondary faculty and high school teachers to help ensure that the course
adequately prepares students for postsecondary success in non-remedial credit-bearing
mathematics courses. In addition. the Commonwealth could add credibility to this course
by also developing an end-of-course exam so that students could earn a verified
mathematics credit for successful completion of this course.

* Virginia has enhanced the organization and increased the focus of its
proposed revised high school standards while reducing the actual number of
standards. This should ensure that the standards are more useful to teachers
and curriculum developers and more understandable to educators and non-
educators alike.

In developing the proposed revised Marhemartics SOL, Virginia is to be commmended for a
number of steps taken to add clarity and focus to its high school expectations. As
discussed earlier. clarifying language has been added to the introductions of each course
to clarify which students are expected to achieve each set of course standards. In addition
to this, a number of other steps have been taken to enhance the standards’ focus. First. an
organizational framework has been developed for each course that consists of headings
under which standards are categorized. For example. the headings for Algebra I consist
of: Expressions and Operations, Equations and Inequalities, Functions, and Statistics.
Standards for each course have been re-sequenced and re-worded so as to fit well into
these categories. This is a nice addition that is missing from the existing Standards of
Learning. Second. to increase the brevity and focus of the proposed revised Marthemarics
SOL. it is proposed that significant portions of the existing SOL be moved into the
supporting Curriculum Framework document. This increases the clarity of the standards.
without eliminating the level of detail that will be critical to successful implementation
by teachers. And third. some topics (such as matrices in Algebra I and Algebra II) have
been eliminated from the proposed revised Marthemarics SOL in an attempt to focus on
content important for all students. Another example of this paring back of topics is the
replacement of conic sections. in general. in Algebra IT with a more focused standard
dealing with circles and their equations.

The end result of these steps to enhance the focus and clarity of the standards is a
reduction in the number of proposed revised standards. In Algebra I. the decrease is from
eighteen to ten standards. and the proposed decrease for Algebra II is from twenty to
thirteen standards. In Geometry, the proposed reduction is from fourteen standards to
thirteen standards.
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e  While alignment between the proposed revised Mathematics SOL and the
ADP Benchmarks is generally strong, there are distinctions, which the state
has clarified for students and teachers, between the level of preparation
students will receive if they follow a course of study that culminates with
Algebra, Functions and Data Analysis, as opposed to Algebra II.

Virginia’s proposed revised Mathematics SOL clearly state in the introductions to the
Algebra I and Geomefry standards that all students are expected to achieve these
standards. Following completion of Geometry, it is clear that students in Virginia have
two options. All students who intend to pursue a technical field are expected to achieve
the Algebra, Functions and Data Analysis or Algebra II standards. All students preparing
for postsecondary and advanced technical studies are expected to achieve the Algebra II
standards.

Both the Algebra. Functions. and Data Analysis standards and the Algebra II standards
define rigorous courses—but they prepare students for different options. Students who
successfully complete a sequence culminating in Algebra IT should be very well prepared
for college level mathematics, including those courses required for STEM majors and
careers. On the other hand. students who successfully complete a course sequence that
culminates with Algebra, Functions and Data Analysis will be prepared to take non-
remedial credit bearing courses such as College Algebra. but will not have the level of
preparation required to successfully pursue mathematics intensive programs of study in
college.

Students taking a course sequence that culminates with Algebra IT will receive a more
rigorous algebra preparation than those students who take a course sequence culminating
in Algebra. Functions. and Data Analysis. For example, Virginia's proposed revised
Algebra II standards are clear that students are to be able to add. subtract. multiply, divide
and simplify rational algebraic expressions. This is not addressed explicitly in the
standards for Algebra. Functions. and Data Analysis. On the other hand, the Algebra.
Functions. and Data Analysis standards include a deeper and more comprehensive
treatment of a number of statistical concepts such as experimental design. probability.
and the normal curve than the Algebra IT standards. (The proposed revised Algebra IT
standards have been enhanced to better address some statistical concepts. such as the
normal distribution, that students might not otherwise encounter until Pre-calculus.)

Finally, this review has found that as expectations for graduating students, the proposed
revised Marhemartics SOL are intellectually challenging. However. as noted in prior
Achieve reviews. it is sfill true that the high school graduation requirements are
problematic in not requiring mathematics that extends beyond Geometry. Achieve has
focused on the proposed revised Marhematics SOL for Algebra I, Geometry, Algebra II.
and Algebra. Functions, and Data Analysis in this alignment study. and the resulting
alignment with the ADP Benchmarks is generally strong. Unfortunately. given
Virginia’s graduation requirements for a Standard Diploma—at least three standard
credits and one verified credit in mathematics to include at least two courses from among
Algebra I, Geometry, Algebra II, or other mathematics courses above the level of algebra
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and geometry—it is possible that a student may not advance beyond the successful
completion of Geometry. By not completing either Algebra IT or Algebra. Functions, and
Data Analysis. these students will not have had the opportunity to learn a substantial
portion of content that the ADP Benchmarks define as critical preparation for success in
postsecondary education or 21* century careers. Virginia should consider raising its
graduation requirement to require students to take a rigorous core curriculum that
includes mathematics at the level of Algebra II and/or Algebra. Functions. and Data
Analysis.

In conclusion. the proposed revised Mathematics Standards of Learning are intellectually
demanding and align well with the ADP Benchmarks, when the benchmarks for Algebra
I. Geometry, Algebra II, and Algebra, Functions, and Data Analysis are taken into
consideration. Students achieving proficiency in these standards will be well prepared
for both workplace and college success.
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Dr. Patricia I. Wright
Superintendent of Public Instruction
Commonwealth of Virginia
Department of Education

P.0. Box 2120

Richmond, Virginia 23218-2120

November 21, 2008
Dear Dr. Wright:

The College Board, a not-for-profit organization committed to connecting all students to college
success, provides this review of the revised Mathematics Standards of Learning to the Virginia
Department of Education in support of the Department’s goals to strengthen the alignment of
the Virginia Standards of Learning to postsecondary and career readiness.

The College Board finds significant improvement in the revised Mathematics Standards of
Learning in terms of both content emphasis and rigor, and the Virginia Department of
Education has addressed the majority of the recommendations presented in the College
Board’'s 2007 alignment study of the Virginia Standards of Learning. There is significant
evidence of improvement in the following areas:

# Content Emphasis: The revised standards fully address topics or concepts essential to

postsecondary and career readiness that were not addressed as sufficiently in the
previous standards, such as:
o absolute value

o similarity of figures

o multiple representations of numbers, functions, and data
o deduction and induction as methods of reasoning

o the fundamental principle of counting

< bivariate data and their applications

o dependent and independent events

o sampling and inferential methods in statistics

¢ Organization and Pregression: The most significant improvement in this area was in the
middle school Standards of Learning, where there is evidence of an accelerated

CollegeBoard

connect to college success™

Page 11



Attachment B

Dr. Patricia I. Wright 12/22/2008 Page 2

progression, especially in Algebra. The learning progression of standards in the middle
school years is critical to building the necessary pathway to college readiness in high
school mathematics.

e Rigor: The cognitive demand inherent in the revised Mathematics Standards of Learning
is clearly higher than in the previous version. There is more emphasis placed on
mathematical reasoning and communicating, which is reflected in the more frequent
use of cognitive actions such as justify, prove, investigate, analyze, and explain. The
increased emphasis on proving and justifying results, especially in the Algebra and
Geometry Standards of Learning, will prepare students well for the mathematical
reasoning skills required in college and careers.

Although the improvements in the revised Mathematics Standards of Learning are clear and
evident, there are some areas in which the standards can be further refined in terms of clarity
and specificity. These refinements will ensure that the grain size of the standards remains
consistent across all strands and that the standards do not allow for different interpretations to
be made in terms of their intent.

Overall, it is the College Board's perspective that the proposed Mathematics Standards of
Learning are aligned well to the College Board Standards for College Success and students who
complete a course of study aligned to revised Mathematics Standards of Learning will be
college and career ready.

In providing this information, the College Board views itself as a committed partner with
Virginia in setting clear and high expectations for all students in order to prepare them for
college and the workforce and welcomes future opportunities to collaborate with the Virginia
Department of Education.

Sincerely,

Natasha Vasavada

Senior Director, Standards and Curriculum Alignment Services
Research and Development

The College Board

nvasavada@caollegeboard.org

(212) 520-8589
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