A CADEMIC CONTENT STANDARDS

K-12 Mathematics

Foreword

We are excited to announce that the State Board of Education took a key step in
reforming Ohio’s education system on December 11, 2001, when it unanimously
adopted academic content standards in reading, writing and mathematics. Clear
standards about what students should know and be able to do in reading, writing

and mathematics is the first component of an aligned system that will ensure no
child is left behind.

This enormous undertaking could not have occurred without the hard work and
dedication of Ohio’s educators and community members. Classroom teachers,
parents, higher education faculty and business community leaders worked in
teams across the state to develop these standards over the last several years. Fifty
percent of the math writing team and 48 percent of the English Language Arts
team were classroom teachers, so we especially want to extend our gratitude to
the men and women in the teaching profession who gave their time, energy and
expertise to create these standards.

The people of Ohio played a key role in the development of these standards. The
Office of Curriculum and Instruction at the Ohio Department of Education,
which facilitated the standards writing process, aggressively engaged the public
in reviewing the standards in draft forms. Thousands of Ohioans gave suggestions
that were evaluated and incorporated, as appropriate, by the writing teams into the
final adopted standards.

The standards fulfill the requirement and timeline of Amended Substitute Senate
Bill 1 for the State Board of Education to develop and adopt clear academic
content standards in the areas of reading, writing and mathematics by the end of
2001. The bill gives the Department of Education 18 months from the standards
adoption to design and produce model curricula for kindergarten through 12th
grade, which Ohio school districts may, but are not obligated to, use.

The State Board of Education will use these standards as the basis for the
development of achievement or diagnostic assessments for kindergarten through
grade 10.
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Achieve, Inc., an independent, bipartisan, nonprofit national organization that helps states
raise academic standards, considers Ohio’s standards in both areas to be among the best
in the country. A review of the new standards to the State Board of Education reported
that they are clear and comprehensive and that they set high expectations for student
learning. “We commend the State on the high quality of the mathematics benchmarks and
grade-level indicators. They represent a good balance of conceptual, procedural, and
practical knowledge and skills,” the review stated. “Ohio has standards, indicators and
benchmarks that serve as the basis for a powerful language arts framework for literacy.”

Jennifer L. Sheets Susan Tave Zelman
President Superintendent of Public Instruction
State Board of Education Ohio Department of Education
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%
)
O[ % The mathematics academic content standards prepare all students for success in
% the workplace and post-secondary education. Competency in mathematics
7 Yes p p y petency
) includes understanding of mathematical concepts, facility with mathematical
S (\o skills, and application of concepts and skills to problem-solving situations.
4 Students are able to communicate mathematical reasoning using mathematical
4 g using

9 E“g\;r A and everyday language.

through real-world contexts, including practical applications, real data, and
numbers often associated with situations and problems encountered in the
workplace and daily life. All students should be exposed to a mathematics program

ﬂ Whenever possible, students should have opportunities to learn mathematics
rich in technology, including calculators, computers, and technology applications.

The six standards that follow represent the mathematics content and processes all
students should know and be able to use as they progress through school. These
include:

Content Standards: ~ Number, Number Sense and Operations
Measurement
Geometry and Spatial Sense
Patterns, Functions and Algebra
Data Analysis and Probability

Process Standard: Mathematical Processes

The rigorous, yet realistic standards provide a comprehensive foundation for all
students to think and reason mathematically and use mathematics knowledge
and skills effectively in post-secondary education, the workplace, and daily life.
These standards represent a connected body of mathematical understandings and
competencies, rather than a menu of discrete topics from which to choose.

Throughout the five content standards, students will use mathematical processes,
including reasoning, communication and representation skills, and appropriate
technology within problem-solving situations. Making connections within
mathematics and between mathematics and other disciplines is critical for
student success in using mathematics effectively in school, work and daily life.

Even though each of these six standards applies to all grades, emphases will vary
both within and between the grade clusters. For example, the emphasis on num-
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ber, number sense and operations is greatest in elementary grades and by grades 9-12,
topics related to number, number sense and operations represent a smaller portion of the
curriculum.

This set of six standards does not neatly separate the curriculum into separate or discrete
topics. The content described by the standards and benchmarks are interrelated. For
example, number pervades all areas of mathematics, and some topics in measurement are
closely related to those within geometry. And mathematical processes are used in all
content areas and are best learned when carefully integrated with content in instruction
and assessment.

Technology, such as calculators and computers, help students learn mathematics and
support effective mathematics teaching. Rather than replacing the learning of basic
concepts and skills, technology can connect skills and procedures to deeper mathematical
understanding. For example, geometry software allows experimentation with families of
geometric objects, and graphing utilities facilitate learning about the characteristics of
classes of functions.

The following terms and definitions are used in the document:

Standard:  An overarching goal or theme in mathematics. The standard statement
describes, in broad terms, what students should know and be able to do as
a result of the K-12 program.

Benchmark: A specific statement of what a student should know and be able to do at a
specific time in his/her schooling. Benchmarks are used to measure a
student’s progress towards meeting the standard. Benchmarks are defined
for grades 2,4, 7,10 and 12.

Grade-level A specific statement of the knowledge and/or skills that a student
Indicator: ~ demonstrates at each grade level. These indicators serve as checkpoints
that monitor progress toward the benchmarks.
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The Development of
Academic Content Standards

Joint Council of the
State Board of Education and
the Ohio Board of Regents
Academic Content Standards

The process for developing academic content standards began in 1997 when the
State Board of Education and the Ohio Board of Regents created a Joint Council
to oversee the implementation of recommendations made by the Secondary and
Higher Education Remediation Advisory Commission. The boards began to
build a common long-term agenda for pre-K through 16 education.

The Joint Council started its work by establishing a set of common expectations
for what all students should know and be able to do upon completion of high
school. The initial work established common expectations in six content areas:
(1) the arts, (2) English language arts, (3) foreign languages, (4) mathematics,
(5) science, and (6) social studies. These drafts were transformed into Ohio’s
Academic content standards.

The Joint Council assembled advisory groups to assist in completing preliminary
planning for the process to draft Ohio’s new academic content standards. This
preliminary planning included review of exemplary world-class standards from
the United States and other countries and the formulation of strategic policy
recommendations. The recommendations assured that the drafting and refining
of academic content standards would respect Ohio’s history for sharing
responsibility for curriculum decisions with Ohio’s diverse learning communities.

Writing Teams were made up of representatives from all twelve regions served
by the Ohio Department Regional Professional Development Centers and
included educators from each grade level, K-12, as well as career-technical,
special education, and gifted education. Ohio’s diverse ethnicity, geography,
types of school districts, and colleges and universities were represented on the
writing teams. Parent and business and industry representatives also were
represented on the writing teams. All original members of the teams who wrote
the Common Expectations were invited back to join the writing teams.




A CADEMIC CONTENT STANDARDS

When the writing teams completed the draft academic content standards documents,
these documents were subjected to a period of extensive public engagement and rigorous
review. Focus group meetings and electronic feedback via the web page allowed all
stakeholders to express their opinions. The writing teams reviewed the public feedback
and made revision recommendations to respond to the issues raised by feedback. The
draft standards presented to the State Board of Education for adoption reflect the final
recommendations of this writing process and include grade-level indicators of progress
(K-12), benchmarks that will serve as checkpoints at key grade bands, philosophies and
guide principles.



—

<— —»Development

Implementation

ACADEMIC

Development and Implementation Timeline

CONTENT

STANDARDS

Based on Amended Substitute Senate Bill 1

English Mathematics Science Social Studies Technology
Language Foreign Languages
Arts The Arts
(1) Assemble Advisory State Board
Committee adoption of these
(2) Identify Writing Team content areas will
(3) Develop Draft Standards follow the
and Benchmarks adoption of
(4) Convene Writing Team English Language
(5) Seek Focused Input Arts,
(6) Engage the Public Mathematics,
(7) Revise Draft Standards Y Y Y Y Science and
and Benchmarks Social Studies
(8) Adoption of Academic December December December December
Content Standards by the 2001 2001 2002 2002
State Board of Education
(9) Develop products
and services
(10) Design Curriculum Models
(11) Present for Public Review
(12) State Board Review
(13) Adoption of Curriculum June June June June
Models by State Board 2003 2003 2004 2004
of Education
(14) Deliver Curriculum September September September September
Models; Professional 2003 2003 2004 2004
Development
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Mathematics Writing Teams

The Ohio Department of Education wishes to express appreciation and gratitude
to the writing teams who contributed expertise and time to the development of
Ohio’s Mathematics Academic Content Standards. Many hours were devoted to
research and thoughtful consideration of issues to ensure the standards reflect
wise and responsible thinking regarding mathematics teaching and learning. The
writing team members represent the many caring and concerned individuals
across the state dedicated to their profession and to high quality mathematics

education for all Ohio students.

Mathematics Common Expectations
Writing Team

Thomas Ballas
The Timken Company
Business

Lamar Bently
The University of Toledo
Chair, Mathematics Department

Richelle Blair
Lakeland Community College
Professor, Mathematics

Roseanne Deucher
Columbus
Parent

Ann Farrell
Wright State University
Associate Professor, Mathematics

Michael Huler
Columbus City Schools
High School Teacher

John Conklin
Trimble High School
High School Teacher

Robert Jones
Cleveland Municipal Schools
Supervisor, K-12 Mathematics

Genita Jordan
Cleveland
Parent

Debra Mauk
Promedia Health Systems
Business

Robert Mertens

Capital University

Chair, Mathematics,
Computer Science & Physics

Margaret Raub Hunt

Ohio Council of Teachers of
Mathematics

Executive Director
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Dennis Ray
Chillicothe City Schools
High School Teacher

Karen Spriegel
Muskingum Area Technical College
Associate Professor, Mathematics

Elaine Strutner
American Electric Power
Business

Linda Taylor
University of Cincinnati
Professor, Mathematics

Mathematics Academic Content Standards
Advisory/Writing Teams

Kathy Beck
Napoleon Area City Schools
Middle School Teacher

Teresa Behan
Cincinnati City Schools
Elementary Teacher

Lamar Bentley*
The University of Toledo
Chair, Mathematics Department

Melodie Berhard
Greenville City Schools
Mathematics Specialist

* Indicates a member of the original
Common Expectations Writing Team

CONTENT

STANDARDS

Richelle Blair*
Lakeland Community College
Professor, Mathematics

Jack Boyd
Zanesville City Schools
High School Teacher

Dan Brahier
Bowling Green State University
Associate Professor, Mathematics Education

Ethel Briggs
Mansfield City Schools
Supervisor, Math Curriculum

John Conklin*
Trimble Local Schools
High School Teacher

Doug Darfus
Upper Arlington City Schools
Middle School Teacher

Carolyn Day
Dayton Public Schools
Program Director

Iris DeLoach Johnson
Miami University
Professor, Mathematics Education

Fred Dillon
Strongsville City Schools
High School Teacher

Sara Eisenhardt
Cincinnati City Schools
Elementary Teacher
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Ann Farrell*
Wright State University
Associate Professor, Mathematics

Dianthia Gilmore
Cleveland Municipal Schools
Middle School Teacher

Barbara Grover
Ohio University
Professor, Mathematics

William Hazlett
Vermilion Local Schools
Middle School Teacher

Michael Huler*
Columbus City Schools
High School Teacher

Karen Jeffries
Dayton Public Schools
Middle School Teacher

Robert Jones*
Cleveland Municipal Schools
Supervisor, K-12 Mathematics

Saba Kassaye
Xenia City Schools
High School Teacher

Margaret Kasten

Ohio Resource Center for Mathematics,
Science and Reading

Director

Trish Koontz

Kent State University

Professor, Mathematics & Science/
Early Grades

CONTENT

Jim Lynch
Marion
Parent

Debra Mauk*
Promedia Health Systems
Business

Anita Mauter

Toledo City Schools
Elementary Teacher

Patricia McNichols
Sylvania City Schools
Director, Curriculum and Assessment

Robert Mertens*

Capital University

Chair, Mathematics, Computers Science
and Physics

Chris Myers
Bellefontaine City Schools
Elementary Teacher

Suzanne Nichols
Waverly City Schools
Elementary Teacher

Margaret Raub Hunt*
Ohio Council of Teachers of Mathematics
Executive Director

Dennis Ray*
Chillicothe City Schools
High School Teacher

Linda Ross
Mahoning County ESC
Curriculum Specialist

STANDARDS
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Yvonne Shellburn
Springfield City Schools
Supervisor, Mathematics Curriculum

Kay Shrewsbery**
Toledo Public Schools
Elementary Teacher

Nancy Sattler
Terra Community College
Associate Dean, Curriculum

Vicki Sprague
Elyria City Schools
Elementary Teacher

Linda Taylor*
University of Cincinnati
Professor, Mathematics

Bette Jo Walgren
Cuyahoga Falls City Schools
Middle School Teacher

Kay Wallace
Pickerington Local Schools
High School Teacher

* Indicates a member of the original
Common Expectations Writing Team

** Indicates a member of the Governor’s
Commission for Student Success
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Ohio’s K-12
Mathematics Standards

Number, Number Sense and Operations Standard

Students demonstrate number sense, including an understanding of number
systems and operations and how they relate to one another. Students compute
fluently and make reasonable estimates using paper and pencil, technology-
supported and mental methods.

Measurement Standard

Students estimate and measure to a required degree of accuracy and precision by
selecting and using appropriate units, tools and technologies.

Geometry and Spatial Sense Standard

Students identify, classify, compare and analyze characteristics, properties and
relationships of one-, two- and three-dimensional geometric figures and objects.
Students use spatial reasoning, properties of geometric objects, and transformations
to analyze mathematical situations and solve problems.

Patterns, Functions and Algebra Standard

Students use patterns, relations and functions to model, represent and analyze
problem situations that involve variable quantities. Students analyze, model and
solve problems using various representations such as tables, graphs and equations.

Data Analysis and Probability Standard

Students pose questions and collect, organize, represent, interpret and analyze
data to answer those questions. Students develop and evaluate inferences,
predictions and arguments that are based on data.

Mathematical Processes Standard

Students use mathematical processes and knowledge to solve problems. Students
apply problem-solving and decision-making techniques, and communicate
mathematical ideas.

Note: Mathematical processes are used in all content areas and should be incorporated within instruction
and assessment of the content-specific standards, benchmarks and grade-level indicators.

11
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National Council of
Teachers of Mathematics’
Standards for School Mathematics:
Pre-Kindergarten through Grade 12*

Instructional programs from prekindergarten through grade 12 should enable all
students to:

Number and Operations Standard:

¢ Understand numbers, ways of representing numbers, relationships among
numbers, and number systems;

* Understand meanings of operations and how they relate to one another; and

¢ Compute fluently and make reasonable estimates.

Measurement Standard:

* Understand measurable attributes of objects and the units, systems, and
processes of measurement; and

* Apply appropriate techniques, tools, and formulas to determine measurements.

Geometry Standard:

* Analyze characteristics and properties of two- and three-dimensional geometric
shapes and develop mathematical arguments about geometric relationships;

* Specify locations and describe spatial relationships using coordinate geometry
and other representational systems;

* Apply transformations and use symmetry to analyze mathematical situations;
and

* Use visualization, spatial reasoning, and geometric modeling to solve problems.

Algebra Standard:

* Understand patterns, relations, and functions;

* from Principles and Standards for School Mathematics
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* Represent and analyze mathematical situations and structures using algebraic symbols;
¢ Use mathematical models to represent and understand quantitative relationships; and

* Analyze change in various contexts.

Data Analysis and Probability:

* Formulate questions that can be addressed with data and collect, organize, and display
relevant data to answer them;

* Select and use appropriate statistical methods to analyze data;
* Develop and evaluate inferences and predictions that are based on data; and

* Understand and apply basic concepts of probability.

Process Standards:

Instructional programs for prekindergarten through grade 12 should enable students to -

Problem Solving Standard:

* Build new mathematical knowledge through problem solving; solve problems that arise
in mathematics and in other contexts;

* Apply and adapt a variety of appropriate strategies to solve problems; and

* Monitor and reflect on the process of mathematical problem solving

Reasoning and Proof Standard:

* Recognize reasoning and proof as fundamental aspects of mathematics; make and investi-
gate mathematical conjectures;

* Develop and evaluate mathematical arguments and proofs; and

* Select and use various types of reasoning and methods of proof.

Communication Standard:

* Organize and consolidate their mathematical thinking through communication;

* Communicate their mathematical thinking coherently and clearly to peers, teachers, and
others;

* Analyze and evaluate the mathematical thinking and strategies of others; and

* Use the language of mathematics to express mathematical ideas precisely.

13
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Connections Standard:

* Recognize and use connections among mathematical ideas;

* Understand how mathematical ideas interconnect and build on one another to produce a
coherent whole; and

* Recognize and apply mathematics in contexts outside of mathematics.

Representation Standard:

* Create and use representations to organize, record, and communicate mathematical
ideas;

* Select, apply and translate among mathematical representations to solve problems; and

* Use representations to model and interpret physical, social, and mathematical
phenomena.
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Looking at Ohio’s Mathematics Standards

and National Standards

Ohio Standards

NCTM Standards

Number, Number Sense and
Operations Standard

Students demonstrate number sense,
including an understanding of number
systems and operations and how they
relate to one another. Students compute
fluently and make reasonable estimates
using paper and pencil, technology-
supported and mental methods.

Number and Operations Standard

¢ Understand numbers, ways of
representing numbers, relationships
among numbers, and number systems;

¢ Understand meanings of operations
and how they relate to one another;
and

¢ compute fluently and make
reasonable estimates.

Measurement Standard

Students estimate and measure to a
required degree of accuracy and
precision by selecting and using
appropriate units, tools and technologies.

Measurement Standard

¢ Understand measurable attributes of
objects and the units, systems, and
processes of measurement; and

* Apply appropriate techniques,
tools, and formulas to determine
measurements.

Geometry and Spatial Sense Standard

Students identify, classify, compare and
analyze characteristics, properties and
relationships of one-, two- and three-
dimensional geometric figures and
objects. Students use spatial reasoning,
properties of geometric objects, and
transformations to analyze mathematical
situations and solve problems.

Geometry Standard

* Analyze characteristics and properties
of two- and three-dimensional
geometric shapes and develop
mathematical arguments about
geometric relationships;

* Specify locations and describe spatial
relationships using coordinate
geometry and other representational
systems;

* Apply transformations and use
symmetry to analyze mathematical
situations; and

¢ Use visualization, spatial reasoning,
and geometric modeling to solve
problems.

15
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Ohio Standards

NCTM Standards

Patterns, Functions and Algebra
Standard

Students use patterns, relations and
functions to model, represent and
analyze problem situations that involve
variable quantities. Students analyze,
model and solve problems using various
representations such as tables, graphs
and equations.

Algebra Standard

¢ Understand patterns, relations, and
functions; represent and analyze
mathematical situations and structures
using algebraic symbols; and

¢ Use mathematical models to represent
and understand quantitative
relationships; analyze change in
various contexts.

Data Analysis and Probability
Standard

Students pose questions and collect,
organize, represent, interpret and
analyze data to answer those
questions. Students develop and
evaluate inferences, predictions and
arguments that are based on data.

Data Analysis and Probability
Standard

* Formulate questions that can be
addressed with data and collect,
organize, and display relevant data to
answer them;

* Select and use appropriate statistical
methods to analyze data;

* Develop and evaluate inferences and
predictions that are based on data; and

* Understand and apply basic concepts
of probability.

Mathematical Processes Standard

Students use mathematical processes
and knowledge to solve problems.
Students apply problem-solving and
decision-making techniques, and
communicate mathematical ideas.

Problem Solving Standard
Reasoning and Proof Standard
Communication Standard
Connections Standard
Representation Standard

STANDARDS
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Academic Content Standards Framework
Mathematics K-12

Standards are made up of several component parts. Those parts are outlined below:

Academic Content Standards ACADEMIC CONTENT STANDARDS

¢ What all students should know MATHEMATICS
and be able to do

¢ The overarching goals and
themes

K-2 3-4 5-7 8-10 11-12

Benchmarks

* Key checkpoints that monitor
progress toward academic
content standards

* Identified by grade-level
clusters/bands (K-2, 3-4,
5-7,8-10, 11-12)

* Grade level bands will vary
across content areas and align

with achievement tests where 2 4 7 10 12

applicable

Grade-Level Indicators 1 3 6 9 1

o What all students should know
and be able to do at each grade | | |
level

¢ Checkpoints that monitor
progress toward the
benchmarks
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How to Read the Benchmarks

The benchmarks are key checkpoints that monitor student progress toward meeting the
mathematics standards. Benchmarks are organized in grade-level bands.

Level Band
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K-12 Mathematics

Philosophy
and Principles
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fon @ Philosophy and

(S

¢ . 1 .
Oré’ Guiding Assumptions

%
( ~ °9es
o@ Ohio’s Mathematics academic content standards serve as a basis for what all

f‘@“ students should know and be able to do by the time they graduate from high

(/\ “n school. These standards, benchmarks and grade-level indicators are intended to
9 ucEgY:’-g\:’S“‘S provide Ohio educators with a set of common expectations from which to base

\o"9 mathematics curriculum.

Philosophy of Ohio’s Mathematics Academic Content Standards

The intent of Ohio’s Mathematics academic content standards is to ensure ALL
Ohio students understand and use mathematics effectively in everyday life and
the workplace.

* Mathematics literacy is needed to make everyday decisions such as
choosing which product to purchase, interpreting information in news
reports, and selecting insurance or health plans.

* Mathematical thinking and problem-solving are needed in the workplace,
and those who understand and can use mathematics have significantly
enhanced opportunities and options.

* Mathematics plays a central role in modern culture, including aesthetic
and recreational aspects, and an essential role in the scientific and technical
community.

Assumptions for Mathematics Academic Content Standards
Ohio’s academic content standards:
* Set high expectations and strong support for mathematics achievement by

ALL students.

* Represent mathematics knowledge and skills needed to make a successful
transition to post-secondary education, workplace and daily life.

* Reflect sound application of research on how students learn mathematics.

¢ Align with national standards documents and major studies in
mathematics.

24
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¢ Address mathematics content knowledge and mathematical processes, including
problem-solving, mathematical reasoning, communication, representation and
connections.

* Focus on important mathematics topics that are well-articulated through
benchmarks and grade-level indicators.

* Represent rigorous progression across grades and in-depth study within each grade.

* Provide an appropriate balance among conceptual understanding, procedural
knowledge and skills, and application and problem-solving.

* Incorporate use of technology by ALL students in learning mathematics.
¢ Serve as the basis for classroom, district and state assessments.

* Guide the development of local mathematics curriculum and instructional
programs.

25



A CADEMIC CONTENT STANDARDS

26

Mathematics for All

The Ohio Department of Education believes that Ohio’s academic content
standards are for all students. Clearly defined standards delineate what all
children, college and career-bound, should know and be able to do as they
progress through the grade levels. Well-defined standards ensure that parents,
teachers, and administrators will be able to monitor students” development.
Students, as stakeholders in their own learning, will be capable of tracking their
own learning.

No individual or group should be excluded from the opportunity to learn, and
all students are presumed capable of learning. Every Ohio student, regardless of
race, gender, ethnicity, socioeconomic status, limited English proficiency, learning
disability, or giftedness, should have access to a challenging, standards-based
curriculum.

The knowledge and skills defined in Ohio academic content standards are
within the reach of all students. Students, however, develop at different rates. All
children learn and experience success given time and opportunity, but the degree
to which the standards are met and the time it takes to reach the standards will
vary from student to student.

Students with disabilities, apart from a few profoundly handicapped students,
should have Individual Education Plans aligned with the standards. Students
with disabilities are first and foremost students of the regular curriculum, yet they
may require specific supports and interventions to progress in the curriculum.
These adaptations are not intended to compromise the content standards. Rather,
adaptations provide students with disabilities the opportunity to maximize their
strengths, compensate for their learning difficulties, and participate and progress
in the standards-based curriculum.

Students who can exceed the grade-level indicators and benchmarks set for in
the standards must be afforded the opportunity and be encouraged to do so.
Gifted and talented students may require special services or activities in order to
fully develop their intellectual, creative, artistic and leadership capabilities or to
excel in a specific content area. Again, the point of departure is the standards-
based curriculum.

Students with limited English proficiency (LEP) may also need specific supports
and adaptive instructional delivery in order to achieve Ohio’s academic content
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standards. An instructional delivery plan for a student with LEP needs to take into
account the student’s level of English language proficiency as well as his or her cultural
experiences.

All children deserve adjustments in order to address their individual needs, regardless
of whether they have been designated as learning disabled or gifted. Identifying and
nurturing the talents of all students, and strategizing with students to overcome their
weaknesses, will enable all children to reach the standards. The Department encourages
school districts to align their programs with the standards to ensure that all of Ohio’s
students reach their full potential.
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A CADEMIC

CONTENT

STANDAIRDS

Benchmarks

Number, Number Sense and Operations Standard

Students demonstrate number sense, including an understanding of number systems
and operations and how they relate to one another. Students compute fluently and
make reasonable estimates using paper and pencil, technology-supported and mental

methods.

Notes

By the end of the K-2 program:

A. Use place value concepts to

represent whole numbers
using numerals, words and
physical models.

Recognize, classify, compare
and order whole numbers.

Represent commonly used
fractions using words and
physical models.

Determine the value of a
collection of coins and dollar
bills.

Make change using coins for
values up to one dollar.

Count, using numerals and
ordinal numbers.

Model, represent and explain
addition as combining sets
and counting on.

Model, represent and explain
subtraction as comparison,
take-away and part-to-whole.

(continued page 30)

By the end of the 3-4 program:

A. Use place value structure of
the base-ten number system
to read, write, represent and
compare whole numbers and
decimals.

B. Recognize and generate
equivalent representations
for whole numbers, fractions
and decimals.

C. Represent commonly used
fractions and mixed numbers
using words and physical
models.

D. Use models, points of
reference and equivalent
forms of commonly used
fractions to judge the size of
fractions and to compare,
describe and order them.

E. Recognize and classify
numbers as prime or
composite and list factors.

F. Count money and make
change using both coins and
paper bills.

(continued page 30)




ACADEMIC

CONTENT

STANDARDS

By the end of the 5-7 program:

A.

Represent and compare
numbers less than 0 through
familiar applications and
extending the number line.

Compare, order and convert
among fractions, decimals
and percents.

Develop meaning for
percents, including percents
greater than 100 and less
than 1.

Use models and pictures
to relate concepts of ratio,
proportion and percent.

Use order of operations,
including use of parenthesis
and exponents to solve
multi-step problems, and
verify and interpret the
results.

Apply number system
properties when performing
computations.

(continued page 31)

By the end of the 8-10 program:

A. Use scientific notation to
express large numbers and
numbers less than one.

B. Identify subsets of the real
number system.

C. Apply properties of
operations and the real
number system, and justify
when they hold for a set of
numbers.

D. Connect physical, verbal and
symbolic representations of
integers, rational numbers
and irrational numbers.

E. Compare, order and
determine equivalent forms
of real numbers.

F. Explain the effects of
operations on the magnitude
of quantities.

G. Estimate, compute and solve
problems involving real
numbers, including ratio,
proportion and percent, and
explain solutions.

(continued page 31)

By the end of the 11-12 program:

A. Demonstrate that vectors

and matrices are systems
having some of the same
properties of the real number
system.

. Develop an understanding

of properties of and
representations for addition
and multiplication of vectors
and matrices.

. Apply factorials and

exponents, including
fractional exponents, to
solve practical problems.

. Demonstrate fluency in

operations with real numbers,
vectors and matrices, using
mental computation or paper
and pencil calculations for
simple cases and technology
for more complicated cases.

. Represent and compute with

complex numbers.
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A CADEMIC

CONTENT

STANDAIRDS

Number, Number Sense and Operations Standard

Notes

By the end of the K-2 program:
L

Model, represent and explain
multiplication as repeated
addition, rectangular arrays
and skip counting.

Model, represent and explain
division as sharing equally,
repeated subtraction and
rectangular arrays.

Demonstrate fluency in
addition facts with addends
through 9 and corresponding
subtractions.

Demonstrate fluency in
adding and subtracting
multiples of 10, and recognize
combinations that make 10.

. Add and subtract two-digit

numbers with and without
regrouping.

By the end of the 3-4 program:

G. Model and use commutative
and associative properties for
addition and multiplication.

H. Use relationships between
operations, such as
subtraction as the inverse
of addition and division as
the inverse of multiplication.

I.  Demonstrate fluency in
multiplication facts with
factors through 10 and
corresponding divisions.

J.  Estimate the results of whole
number computations using
a variety of strategies, and
judge the reasonableness.

K. Analyze and solve multi-step
problems involving addition,
subtraction, multiplication
and division of whole
numbers.

L. Use a variety of methods and
appropriate tools (mental
math, paper and pencil,
calculators) for computing
with whole numbers.

M. Add and subtract commonly
used fractions with like
denominators and decimals,
using models and paper and
pencil.




ACADEMIC

CONTENT STANDARDS

By the end of the 5-7 program:
G. Apply and explain the use

of prime factorizations,
common factors, and
common multiples in
problem situations.

. Use and analyze the steps in
standard and non-standard
algorithms for computing
with fractions, decimals and
integers.

Use a variety of strategies,
including proportional
reasoning, to estimate,
compute, solve and explain
solutions to problems
involving integers, fractions,
decimals and percents.

By the end of the 8-10 program:

H. Find the square root of
perfect squares, and
approximate the square root
of non-perfect squares.

[ Estimate, compute and solve
problems involving scientific
notation, square roots and
numbers with integer
exponents.

By the end of the 11-12 program:
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A CADEMIC

CONTENT

STANDAIRDS

Benchmarks

Measurement Standard

Students estimate and measure to a required degree of accuracy and precision by
selecting and using appropriate units, tools and technologies.

Notes

By the end of the K-2 program:

A.

Explain the need for
standard units of measure.

Select appropriate units for
length, weight, volume
(capacity) and time, using;

* objects; i.e., non-standard
units;

* U.S. customary units: inch,
foot, yard, ounce, pound,
cup, quart, gallon, minute,
hour, day, week and year;

* metric units: centimeter,
meter, gram and liter.

Develop common referents
for units of measure for
length, weight, volume
(capacity) and time to make
comparisons and estimates.

Apply measurement
techniques to measure
length, weight and volume
(capacity).

Recognize that using different
units of measurement will
yield different numbers for
the same measurement.

By the end of the 3-4 program:

A. Select appropriate units for
perimeter, area, weight,
volume (capacity), time and
temperature, using:

* objects of uniform size;

* U.S. customary units; e.g.,
mile, square inch, cubic
inch, second, degree
Fahrenheit, and other
units as appropriate;

* metric units; e.g.,
millimeter, kilometer,
square centimeter,
kilogram, cubic
centimeter, degree
Celsius, and other units
as appropriate.

B. Know that the number of
units is inversely related to
the size of the unit for any
item being measured.

C. Develop common referents
for units of measure for
length, weight, volume
(capacity) and time to make
comparisons and estimates.

(continued page 34)
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By the end of the 5-7 program: | By the end of the 8-10 program: | By the end of the 11-12 program:

A. Select appropriate units A. Solve increasingly complex | A. Explain differences among

to measure angles,
circumference, surface area,
mass and volume, using:

* U.S. customary units; e.g.,
degrees, square feet,
pounds, and other units
as appropriate;

* metric units; e.g., square
meters, kilograms and
other units as appropriate.

. Convert units of length,
area, volume, mass and
time within the same
measurement system.

. Identify appropriate tools
and apply appropriate
techniques for measuring
angles, perimeter or
circumference and area

of triangles, quadrilaterals,
circles and composite
shapes, and surface area
and volume of prisms and
cylinders.

. Select a tool and measure
accurately to a specified
level of precision.

(continued page 35)

non-routine measurement
problems and check for
reasonableness of results.

B. Use formulas to find surface
area and volume for
specified three-dimensional
objects accurate to a
specified level of precision.

C. Apply indirect measurement
techniques, tools and
formulas, as appropriate,
to find perimeter,
circumference and area
of circles, triangles,
quadrilaterals and
composite shapes, and to
find volume of prisms,
cylinders, and pyramids.

D. Use proportional reasoning
and apply indirect
measurement techniques,
including right triangle
trigonometry and properties
of similar triangles, to solve
problems involving
measurements and rates.

(continued page 35)

accuracy, precision and error,
and describe how each of
those can affect solutions in
measurement situations.

. Apply various measurement

scales to describe phenomena
and solve problems.

. Estimate and compute areas

and volume in increasingly
complex problem situations.

. Solve problem situations

involving derived
measurements; e.g., density,
acceleration.
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A CADEMIC CONTENT STANDARDS

Measurement Standard

Notes

By the end of the K-2 program:

By the end of the 3-4 program:

D. Identify appropriate tools
and apply counting
techniques for measuring
side lengths, perimeter and
area of squares, rectangles,
and simple irregular
two-dimensional shapes,
volume of rectangular
prisms, and time and
temperature.

E. Tell time to the nearest
minute.



ACADEMIC

CONTENT

STANDARDS

By the end of the 5-7 program:

E.

Use problem solving
techniques and technology
as needed to solve problems
involving length, weight,
perimeter, area, volume,
time and temperature.

Analyze and explain what
happens to area and
perimeter or surface area
and volume when the
dimensions of an object are
changed.

Understand and demonstrate
the independence of
perimeter and area for
two-dimensional shapes and
of surface area and volume
for three-dimensional shapes.

By the end of the 8-10 program:

E. Estimate and compute

various attributes, including
length, angle measure, area,
surface area and volume, to
a specified level of precision.

Write and solve real-world,
multi-step problems
involving money, elapsed
time and temperature, and
verify reasonableness of
solutions.

By the end of the 11-12 program:
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A CADEMIC

CONTENT

Benchmarks

Geometry and Spatial Sense Standard

STANDAIRDS

Students identify, classify, compare and analyze characteristics, properties and
relationships of one-, two- and three-dimensional geometric figures and objects. Students
use spatial reasoning, properties of geometric objects, and transformations to analyze
mathematical situations and solve problems.

Notes

By the end of the K-2 program:

A. Describe and create plane

figures: circle, rectangle,
square, triangle, hexagon,
trapezoid, parallelogram and
rhombus, and identify them
in the environment.

Describe solid objects: cube,
rectangular prism, sphere,
cylinder, cone and pyramid,
and identify them in the
environment.

Sort and compare
two-dimensional figures and
three-dimensional objects
according to their
characteristics and
properties.

Identify, explain and model
(superposition, copying) the
concept of shapes being
congruent and similar.

Recognize two- and
three-dimensional objects
from different positions.

(continued on page 38)

By the end of the 3-4 program:

A. Provide rationale for

groupings and comparisons
of two-dimensional figures
and three-dimensional
objects.

. Describe and identify points,

lines and planes in the
environment.

. Describe and identify

intersecting, parallel and
perpendicular lines or
segments in the
environment.

. Identify and draw right,

obtuse, acute and straight
angles.

. Use attributes to describe,

classify and sketch plane
figures and build solid
objects.

. Develop definitions of classes

of shapes.

. Find and name locations in

coordinate systems.

(continued on page 38)
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CONTENT STANDARDS

By the end of the 5-7 program:

A.

Identify and label angle
parts and the regions
defined within the plane
where the angle resides.

Draw circles, and identify
and determine the
relationships among the
radius, diameter, center and
circumference.

Specify locations and
plot ordered pairs on a
coordinate plane.

Identify, describe and classify
types of line pairs, angles,
two-dimensional figures and
three-dimensional objects
using their properties.

Use proportions to express
relationships among
corresponding parts of
similar figures.

Describe and use the
concepts of congruence,
similarity and symmetry to
solve problems.

(continued on page 39)

By the end of the 8-10 program:

A. Formally define geometric
figures.

B. Describe and apply the
properties of similar and
congruent figures; and
justify conjectures involving
similarity and congruence.

C. Recognize and apply angle
relationships in situations
involving intersecting lines,
perpendicular lines and
parallel lines.

D. Use coordinate geometry to
represent and examine the
properties of geometric
figures.

E. Draw and construct
representations of two- and
three-dimensional geometric
objects using a variety of
tools, such as straightedge,
compass and technology.

F. Represent and model
transformations in a
coordinate plane and
describe the results.

(continued on page 39)

By the end of the 11-12 program:

A. Use trigonometric
relationships to verify
and determine solutions
in problem situations.

B. Represent transformations
within a coordinate system
using vectors and matrices.
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ACADEMIC CONTENT

STANDAIRDS

Geometry and Spatial Sense Standard

Notes

By the end of the K-2 program:

F. Describe location, using
comparative (before, after),
directional (above, below),
and positional (first, last)
words.

G. Identify and draw figures
with line symmetry.

By the end of the 3-4 program:

H. Identify and describe line
and rotational symmetry in
two-dimensional shapes and
designs.

I Describe, identify and model
reflections, rotations and
translations, using physical
materials.

J.  Describe a motion or series
of transformations that show
two shapes are congruent.




ACADEMIC

CONTENT STANDARDS

By the end of the 5-7 program:

G. Describe and use properties

of triangles to solve
problems involving angle
measures and side lengths
of right triang]es.

. Predict and describe results
(size, position, orientation)
of transformations of
two-dimensional figures.

Identify and draw
three-dimensional objects
from different views (top,
side, front and perspective).

Apply properties of equality
and proportionality to

solve problems involving
congruent or similar figures;
e.g., create a scale drawing.

By the end of the 8-10 program:

G. Prove or disprove
conjectures and solve
problems involving two-
and three-dimensional
objects represented within
a coordinate system.

H. Establish the validity of
conjectures about geometric
objects, their properties
and relationships by
counter-example, inductive
and deductive reasoning,
and critiquing arguments
made by others.

I Use right triangle
trigonometric relationships
to determine lengths and
angle measures.

By the end of the 11-12 program:
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A CADEMIC

CONTENT

STANDAIRDS

Benchmarks

Patterns, Functions and Algebra Standard

Students use patterns, relations and functions to model, represent and analyze problem
situations that involve variable quantities. Students analyze, model and solve problems
using various representations such as tables, graphs and equations.

Notes

By the end of the K-2 program:
A. Sort, classify and order

objects by size, number and
other properties, and
describe the attributes used.

Extend sequences of sounds
and shapes or simple number
patterns, and create and
record similar patterns.

Create and extend patterns,
and describe the rule in
words.

Model problem situations,
using objects, pictures,
numbers and other symbols.

Solve open sentences and
explain strategies.

Represent an unknown
quantity as a variable using a
symbol, such as[], /A, O.

Describe and compare
qualitative and quantitative
changes.

By the end of the 3-4 program:

A. Analyze and extend patterns,
and describe the rule in
words.

B. Use patterns to make
predictions, identify
relationships, and solve
problems.

C. Write and solve open
sentences and explain
strategies.

D. Represent an unknown
quantity as a variable using a
symbol, including letters.

E. Use variables to create and
solve equations representing
problem situations.

F. Construct and use a table of
values to solve problems
associated with mathematical
relationships.

G. Describe how a change in
one variable affects the value
of a related variable.




ACADEMIC

CONTENT

STANDARDS

By the end of the 5-7 program:

A.

Describe, extend and
determine the rule for
patterns and relationships
occurring in numeric
patterns, computation,
geometry, graphs and other
applications.

Represent, analyze and
generalize a variety of
patterns and functions with
tables, graphs, words and
symbolic rules.

Use variables to create
and solve equations and
inequalities representing
problem situations.

Use symbolic algebra to
represent and explain
mathematical relationships.

Use rules and variables to
describe patterns, functions
and other relationships.

(continued on page 43)

By the end of the 8-10 program:

A. Generalize and explain

patterns and sequences in
order to find the next term
and the nth term.

. Identify and classify

functions as linear or
nonlinear, and contrast

their properties using tables,
graphs or equations.

. Translate information from

one representation (words,
table, graph or equation) to
another representation of a
relation or function.

. Use algebraic representations,

such as tables, graphs,
expressions, functions and
inequalities, to model and
solve problem situations.

. Analyze and compare

functions and their graphs
using attributes, such as
rates of change, intercepts
and zeros.

Solve and graph linear
equations and inequalities.

(continued on page 43)

By the end of the 11-12 program:
A. Analyze functions by

investigating rates of change,
intercepts, zeros, asymptotes,
and local and global behavior.

. Use the quadratic formula to

solve quadratic equations
that have complex roots.

. Use recursive functions to

model and solve problems;
e.g., home mortgages,
annuities.

. Apply algebraic methods to

represent and generalize
problem situations involving
vectors and matrices.
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ACADEMIC CONTENT

STANDAIRDS

Patterns, Functions and Algebra Standard

Notes

By the end of the K-2 program:

By the end of the 3-4 program:




ACADEMIC

CONTENT

STANDARDS

By the end of the 5-7 program:

E

Use representations, such as
tables, graphs and equations,
to model situations and to
solve problems, especially
those that involve linear
relationships.

. Write, simplify and evaluate

algebraic expressions.

Solve linear equations and
inequalities symbolically,
graphically and numerically.

Explain how inverse
operations are used to solve
linear equations.

Use formulas in
problem-solving situations.

Graph linear equations and
inequalities.

Analyze functional
relationships, and explain
how a change in one
quantity results in a change
in the other.

. Approximate and interpret

rates of change from
graphical and numerical
data.

By the end of the 8-10 program:

G. Solve quadratic equations

with real roots by graphing,
formula and factoring.

H. Solve systems of linear

equations involving two
variables graphically and
symbolically.

Model and solve problem
situations involving direct
and inverse variation.

Describe and interpret rates
of change from graphical
and numerical data.

By the end of the 11-12 program:
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A CADEMIC

CONTENT

Benchmarks

Data Analysis and Probability Standard

STANDAIRDS

Students pose questions and collect, organize, represent, interpret and analyze data to
answer those questions. Students develop and evaluate inferences, predictions and
arguments that are based on data.

Notes

By the end of the K-2 program:

A. Pose questions and gather

data about everyday
situations and familiar
objects.

. Sort and classify objects by

attributes, and organize data
into categories in a simple
table or chart.

. Represent data using objects,

picture graphs and bar
graphs.

. Describe the probability of

chance events as more, less
or equally likely to occur.

By the end of the 3-4 program:
A. Gather and organize data

from surveys and classroom
experiments, including data
collected over a period of
time.

. Read and interpret tables,

charts, graphs (bar, picture,
line, line plot), and
timelines as sources of
information, identify main
idea, draw conclusions, and
make predictions.

. Construct charts, tables and

graphs to represent data,
including picture graphs, bar
graphs, line graphs, line
plots and Venn diagrams.

. Read, interpret and construct

graphs in which icons
represent more than a single
unit or intervals greater than

one; e.g., each &b =10
bicycles or the intervals on
an axis are multiples of 10.

. Describe data using mode,

median and range.

(continued page 46)
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CONTENT

STANDARDS

By the end of the 5-7 program:

A.

Read, create and use line
graphs, histograms, circle
graphs, box-and-whisker
plots, stem-and-leaf plots,
and other representations
when appropriate.

Interpret data by looking for
patterns and relationships,
draw and justify
conclusions, and answer
related questions.

Evaluate interpretations and
conclusions as additional
data are collected, modify
conclusions and predictions,
and justify new findings.

Compare increasingly
complex displays of data,
such as multiple sets of data
on the same graph.

Collect, organize, display
and interpret data for a
specific purpose or need.

(continued page 47)

By the end of the 8-10 program:

A. Create, interpret and use

graphical displays and
statistical measures to
describe data; e.g.,
box-and-whisker plots,
histograms, scatterplots,
measures of center and
variability.

. Evaluate different graphical

representations of the same
data to determine which is
the most appropriate
representation for an
identified purpose.

. Compare the characteristics

of the mean, median and
mode for a given set of data,
and explain which measure
of center best represents the
data.

. Find, use and interpret

measures of center and
spread, such as mean and
quartiles, and use those
measures to compare and
draw conclusions about sets
of data.

(continued page 47)

By the end of the 11-12 program:

A. Create and analyze tabular

and graphical displays of
data using appropriate tools,
including spreadsheets and
graphing calculators.

. Use descriptive statistics to

analyze and summarize data,
including measures of center,
dispersion, correlation and
variability.

. Design and perform a

statistical experiment,
simulation or study; collect
and interpret data; and use
descriptive statistics to
communicate and support
predictions and conclusions.

. Connect statistical

techniques to applications in
workplace and consumer
situations.
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ACADEMIC CONTENT

STANDAIRDS

Data Analysis and Probability Standard

Notes

By the end of the K - 2 program:

By the end of the 3 - 4 program:

F. Conduct a simple probability
experiment and draw
conclusions about the
likelihood of possible
outcomes.

G. Identify and represent
possible outcomes, such
as arrangements of a set of
up to four members and
possible combinations from
several sets, each containing
2 or 3 members.

H. Use the set of possible
outcomes to describe and
predict events.
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CONTENT STANDARDS

By the end of the 5-7 program:

E

Determine and use the
range, mean, median and
mode to analyze and
compare data, and explain
what each indicates about
the data.

Evaluate conjectures and
predictions based upon data
presented in tables and
graphs, and identify
misuses of statistical data
and displays.

Find all possible outcomes
of simple experiments or
problem situations, using
methods such as lists, arrays
and tree diagrams.

Describe the probability of
an event using ratios,
including fractional
notation.

Compare experimental
and theoretical results for
a variety of simple
experiments.

Make and justify predictions
based on experimental and
theoretical probabilities.

By the end of the 8-10 program:

E. Evaluate the validity of
claims and predictions
that are based on data
by examining the
appropriateness of the data
collection and analysis.

F. Construct convincing
arguments based on analysis
of data and interpretation of
graphs.

G. Describe sampling methods
and analyze the effects of
method chosen on how well
the resulting sample
represents the population.

H. Use counting techniques,
such as permutations and
combinations, to determine
the total number of options
and possible outcomes.

I Design an experiment to test
a theoretical probability, and
record and explain results.

J.  Compute probabilities
of compound events,
independent events, and
simple dependent events.

K. Make predictions based on
theoretical probabilities and
experimental results.

By the end of the 11-12 program:
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Benchmarks

Mathematical Processes Standard

STANDAIRDS

Students use mathematical processes and knowledge to solve problems. Students apply
problem-solving and decision-making techniques, and communicate mathematical ideas.

Notes By the end of the K-2 program:

A. Use a variety of strategies
to understand problem
situations; e.g., discussing
with peers, stating problems
in own words, modeling
problems with diagrams
or physical materials,
identifying a pattern.

B. Identify and restate in own
words the question or
problem and the information
needed to solve the problem.

C. Generate alternative
strategies to solve problems.

D. Evaluate the reasonableness
of predictions, estimations
and solutions.

E. Explain to others how a
problem was solved.

F. Draw pictures and use
physical models to represent
problem situations and
solutions.

(continued on page 50)

50

By the end of the 3-4 program:

A. Apply and justify the use of
a variety of problem-solving
strategies; e.g., make an
organized list, guess and
check.

B. Use an organized approach
and appropriate strategies to
solve multi-step problems.

C. Interpret results in the
context of the problem being
solved; e.g., the solution
must be a whole number of
buses when determining the
number of buses necessary
to transport students.

D. Use mathematical strategies
to solve problems that relate
to other curriculum areas and
the real world; e.g., use a
timeline to sequence events;
use symmetry in artwork.

E. Link concepts to procedures
and to symbolic notation;
e.g., model 3 x 4 with a
geometric array, represent
one-third by dividing an
object into three equal parts.

(continued on page 50)



ACADEMIC

CONTENT STANDARDS

The benchmarks for mathematical processes articulate what students should demonstrate in problem
solving, representation, communication, reasoning and connections at key points in their mathematics
program. Specific grade-level indicators have not been included for the mathematical processes
standard because content and processes should be interconnected at the indicator level. Therefore,
mathematical processes have been embedded within the grade-level indicators for the five content

standards.

By the end of the 5-7 program:

A. Clarify problem-solving
situation and identify
potential solution processes;
e.g., consider different
strategies and approaches to
a problem, restate problem
from various perspectives.

B. Apply and adapt
problem-solving strategies
to solve a variety of
problems, including
unfamiliar and non-routine
problem situations.

C. Use more than one strategy
to solve a problem, and
recognize there are
advantages associated with
various methods.

D. Recognize whether an
estimate or an exact solution
is appropriate for a given
problem situation.

E. Use deductive thinking to
construct informal
arguments to support
reasoning and to justify
solutions to problems.

(continued on page 51)

By the end of the 8-10 program:

A. Formulate a problem or
mathematical model in
response to a specific need
or situation, determine
information required to
solve the problem, choose
method for obtaining this
information, and set limits
for acceptable solution.

B. Apply mathematical
knowledge and skills
routinely in other content
areas and practical
situations.

C. Recognize and use
connections between
equivalent representations
and related procedures for a
mathematical concept; e.g.,
zero of a function and the
x-intercept of the graph of
the function, apply
proportional thinking when
measuring, describing
functions, and comparing
probabilities.

(continued on page 51)

By the end of the 11-12 program:

A. Construct algorithms for
multi-step and non-routine
problems.

B. Construct logical
verifications or counter-
examples to test conjectures
and to justify or refute
algorithms and solutions to
problems.

C. Assess the adequacy and
reliability of information
available to solve a problem.

D. Select and use various types
of reasoning and methods of
proof.

E. Evaluate a mathematical
argument and use reasoning
and logic to judge its
validity.

F. Present complete and
convincing arguments and
justifications, using inductive
and deductive reasoning,
adapted to be effective for
various audiences.

(continued on page 51)
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A CADEMIC

CONTENT

STANDAIRDS

Mathematical Processes Standard

Notes

By the end of the K-2 program:

G. Use invented and
conventional symbols and
common language to
describe a problem situation
and solution.

H. Recognize the mathematical
meaning of common words
and phrases, and relate
everyday language to
mathematical language
and symbols.

. Communicate mathematical
thinking by using everyday
language and appropriate
mathematical language.

By the end of the 3-4 program:

F. Recognize relationships
among different topics
within mathematics; e.g., the
length of an object can be
represented by a number.

G. Use reasoning skills to
determine and explain the
reasonableness of a solution
with respect to the problem
situation.

H. Recognize basic valid and
invalid arguments, and use
examples and counter
examples, models, number
relationships, and logic to
support or refute.

I. Represent problem situations
in a variety of forms
(physical model, diagram,
in words or symbols), and
recognize when some ways
of representing a
problem may be more
helpful than others.

J.  Read, interpret, discuss and
write about mathematical
ideas and concepts using
both everyday and
mathematical language.

K. Use mathematical language
to explain and justify
mathematical ideas,
strategies and solutions.
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By the end of the 5-7 program:

E

Use inductive thinking to
generalize a pattern of
observations for particular
cases, make conjectures, and
provide supporting
arguments for conjectures.

Relate mathematical ideas to
one another and to other
content areas; e.g., use area
models for adding fractions,
interpret graphs in reading,
science and social studies.

Use representations to
organize and communicate
mathematical thinking and
problem solutions.

Select, apply, and translate
among mathematical
representations to solve
problems; e.g., representing
a number as a fraction,
decimal or percent as
appropriate for a problem.

Communicate mathematical
thinking to others and
analyze the mathematical
thinking and strategies of
others.

Recognize and use
mathematical language

and symbols when reading,
writing and conversing with
others.

By the end of the 8-10 program:

D. Apply reasoning processes
and skills to construct
logical verifications or
counter-examples to test
conjectures and to justify
and defend algorithms and
solutions.

E. Use a variety of mathematical
representations flexibly and
appropriately to organize,
record and communicate
mathematical ideas.

F. Use precise mathematical
language and notations to
represent problem situations
and mathematical ideas.

G. Write clearly and coherently
about mathematical thinking
and ideas.

H. Locate and interpret
mathematical information
accurately, and communicate
ideas, processes and
solutions in a complete and
easily understood manner.

By the end of the 11-12 program:

G. Understand the difference
between a statement that is
verified by mathematical
proof, such as a theorem,
and one that is verified
empirically using examples
or data.

H. Use formal mathematical
language and notation to
represent ideas, to
demonstrate relationships
within and among
representation systems, and
to formulate generalizations.

[ Communicate mathematical
ideas orally and in writing
with a clear purpose and
appropriate for a specific
audience.

J.  Apply mathematical

modeling to workplace and
consumer situations,
including problem
formulation, identification
of a mathematical model,
interpretation of solution
within the model, and
validation to original
problem situation.
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K-12 Mathematics
Grade-Level Indicators

Number, Number Sense and Operations Standard

Students demonstrate number sense, including an understanding of number
systems and operations and how they relate to one another. Students
compute fluently and make reasonable estimates using paper and pencil,
technology-supported and mental methods.

Kindergarten

—_

Number and Compare and order whole numbers up to 10.

Number Systems

o

Explain rules of counting, such as each object
should be counted once and that order does not
change the number.

3. Count to twenty; e.g., in play situations or while
reading number books.

4. Determine “how many” in sets (groups) of 10 or
fewer objects.

o1

Relate, read and write numerals for single-digit
numbers (0 to 9).

6. Construct multiple sets of objects each containing
the same number of objects.

7. Compare the number of objects in two or more
sets when one set has one or two more, or one or
two fewer objects.

8. Represent and use whole numbers in flexible
ways, including relating, composing and
decomposing numbers; e.g., 5 marbles can be 2
red and 3 green or 1 red and 4 green.

9. Identify and state the value of a penny, nickel and
dime.
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Meaning of Operations  10.

11.

12.

Computation and ~ 13.

Estimation

Grade One

Number and 1.

Number Systems

CONTENT STANDARDS

Model and represent addition as combining sets and
counting on, and subtraction as take-away and
comparison. For example:

a. Combine and separate small sets of objects in
contextual situations; e.g., add or subtract one, two,
or another small amount.

b. Count on (forward) and count back (backward) on a
number line between 0 and 10.

Demonstrate joining multiple groups of objects, each
containing the same number of objects; e.g., combining 3
bags of candy, each containing 2 pieces.

Partition or share a small set of objects into groups of

equal size; e.g., sharing 6 stickers equally among 3
children.

Recognize the number or quantity of sets up to 5
without counting; e.g., recognize without counting the
dot arrangement on a domino as 5.

Use ordinal numbers to order objects; e.g., first, second,
third.

Recognize and generate equivalent forms for the same
number using physical models, words and number
expressions; e.g., concept of ten is described by

“10 blocks”, full tens frame, numeral 10, 5 + 5, 15 - 5,
one less than 11, my brother’s age.

Read and write the numerals for numbers 