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Background of the draft 2009 Colorado Academic  Standards

Colorado has had state model content standards in 13 discipli nes for 14 years. They

have been the broad articulation of the ideas, themes, facts, and agendas which have

been of value to this state for more than a decade. In 2007, the State Board of

Education recommended a comprehensive revision of these standards f or some

el ement al changes in the direction of these document
affirmed and further articulated the nature of these changes by passing Senate Bill 08 -

212.

The timeline for  revising the content standards in 13 areas is amb itious. State content

standards are to be revised and adopted by December 2009. Unlike the time it took to

initially  create content standards, this one year project was undertaken with select

design features in mind

Senate Bill 08-212 expanded the visio  n of public education outcomes by including higher
education and early childhood education goals into one seamless standards policy.

The vision calls for students to have the knowledge and skills necessary for both the

opportunity for college entrance and the capacity of new skill sets in all courses of life

The four important design featuresé

This version of state standards will include four changes; 1) adding 21 st century skills, 2)

ensuring fewer, clearer and higher standards, 3) addi ng early childhood , postsecondary

and workforce readiness expectations, and 4) masterir
Design Feature 1: 21 %' Century Skills

The speed with which information, business, culture and new knowledge now moves is a

new challenge for all of u  s. Unlike the historical two decade -long apprenticeships of the
Renaissance or the understanding that a person stays in a job for a lifetime, shifts in
communication, art, technical sectors and the marketplace now demand that our

students be nimble and a  nticipate problems, solve critical issues and work with others in
effective and ethical ways, and function under faster time pressures. Retaining only one

body of facts for life does not work anymore. The eight to five work days have been
replaced by twent y-four hour schedules. New skills are needed to thrive under these
conditions.

fi2lcentury skill so i s commadnlg resonateshas b wantos t describe the

skills necessary to respond and lead well in a globally -based culture.

Research (21 * Century Partnership, SCANS report, EPIC, College Board, etc.) points to

the importance  of five essential skills. These five include problem solving/critical

thinking, information management, collaboration, self direction and innovation.

Coloradoans have been s urveyed, interviewed and engaged on these five ski lIs and the

vast majority agrees on their importance. Coloradods draft desttunyi pti on
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skills is now linked to the Colorado Department of Education at
http://www.cde.state.co.us/index_home.htinese skills are prominently embedded in the
new standards and change the original version from academic content standards to
essential concepts and skill standards.

Design Feature 2: Fewer, Clear er and Higher

Standards are written in broad terms in order to capture the volume of facts they
represent . Colorado is designing its new expectations based on the best standards in

national and international circles. Central to this work is the notion that internationally

competitive standards tend to be fewer, higher and clearer than those typically seen in
the U.S. today.

e Fewer: The challenge has been to develop standards that reduce lengthy litany of

hopes, facts and agendas into essential concepts whic h are intelligent  building
blocks grade by grade
o Clearer: The aim has been to use jargon -free terms that crisply convey

knowledge and skill outcomes. Simple language and terms give students and
teachers tan gible and meaningful endpoints
e Higher: The aim has been to chart what all students should know and be able to

do in order to be successful. Short I changing students with minimal expectations
diminishes their life options. These new Colorado expectations are authentic and
include goals which invite both a stretch of effort and accomplishment . They
convey the message that all students have the capacity to achieve highly
Design Feature 3: Early Childhood and Higher Education Expectations
To ensure a seamless extension of standards that provide s for each level of learning
throughout Col oradods entire education system, t hese
postsecondary and workforce competencies . They begin with t he end in mind. For
example, w hat should every citizen in Colorado regardless of life experience, caree r
college or military service necessarily know to be considered a successful high school
graduate ? These big ideas that describe a prepared graduate are listed at the top of
each page in the new Colorado academic standards. The Building Blocks of early
learning are now coherently added to each content area and represent what is needed in

order for ayoungster to progress from early understandings to twelfth grade mastery.
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Design Feature 4: Conceptsé.not facts
Our body of collective knowledge in any discipline grows so rapidly that the concept that

schooling is static and a common information transmission system is now untenable.
Standards become unwieldy when they attempt to capture the sum of what information
students fAshoul do know.

This design fe ature transforms Colorado academic standards into fewer, crucial concepts
and skill standards that serve to give a mind the essential background, fluency of the

topic in depth and the problem solving levers that are the qualities of knowledgeable

people in each content are a.

The Revision Process

Col oradods standards ar e being revised using
assumptions behind this approach are:

A These ar e Col oradods standar ds. Whi | e we
expectations re present the pl ace where we live

A The best national and international standards must be used to improve
expectations of our kids. We close the gap when we require the quality of what
we accept about the wort  hiness of our student outcomes.

A College opportunities occur when students are stretched beyond mediocre
activities and when they do intellectual exercises that model what academic and
solution le aders do

A Research matters. Reinventing what we think about just within our own local
circles insults the colle  ctive advances others have made

A Public feedback and improvement informs the next generation of student
standards. Different formats were used to gather public feedback

a Regional face to face conversation

u Webinars

a Listening logs

a Surveys

u Stakeholder meetings

u Colorado e xperts as subcommittee members
u Public notes posted with full transparency

u Professional and association sector outreach
u Public hearings
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A brief overview of the yeards revision process

The beginning of the entire process started with research and gap analy sis of
benchmarked states and nations which have the best standards. Analysis about the

existing strengths and weaknesses simultaneously occurred with the current Colorado

standards. Additionally, a study was commissioned which examined the formats and

grade span structure of other statesd standards.

A stakeholder advisory group was assembled to help define terms, frame the issues,
determine grade by grade articulation and select subcommittee members from a pool of

untitled applicants. These subcommittees  were formed 1 one for each subject 1 in order
to undertake the revision of standards.

Applicants were solicited from across the state to apply the subject -specific education
(early, k -12, and higher education) and business sector expertise. Seven hundred and
eighty six people applied to fill 255 unpaid roles. Selection was made by Colorado
stakeholders in a name -blind process using the merits of both the application and
resumes.

Eight districts that demonstrated early success in revising their local conten t and skill
standards were asked to advise the process.

Advisory committees  were identified in P -3, Higher Education, Business, and Education
Associations in order to check the rigor and relevance.

Content subcommittees were formed in three phases Phase I Math, Science, Reading
and Writing and Music, Phase II: History, Civics, Geography and Economics, Phase Il

Visual Arts, Theatre, Dance, Physical Education/Health and World Language). Each take

the research, gap analyses, reports on best benchmarked stat es and nations, the 21
century skills and a draft of the postsecondary and workforce readiness draft description

into consideration in order to revise the content standards of Colorado.

st

Regional tours after each Phase revision will launch a campaign to g ather feedback and
suggestions for improvement . The Colorado Department of Education content specialists

will identify common themes that emerge from the feedback provided by the field. The
first feedback window will be in April, the second in August and the third tour and
electronic outreach will be in September.

In June 2009 the Colorado Council of Higher Education and Colorado State Board of
Education intend to reach agreement on a working description of postsecondary and
workforce readiness . This description may prompt the state to modify the standards
drafts.

National experts will also on-going advice and will provide needed editing . They also will
provide suggestions of  technique.

UCLAG6s Director of the Center for Raswdentddsting Eval uati or
will compile the complete drafts to write the final version in October 2009 .
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Official public hearings will take place in November 2009 before the State Board of
Education . These hearings will provide the final recommendations.

The State Board of Education  will decide wh ich standards are adopted . This will occur by
December 2009.

What can | do to help?
1. Firstread to understand.
a. These standards are not like the existing ones
b. They are not a curriculum or an exhaustive detail of each lesson or fact.

c. They represent the few, crucial concepts and skills students need to have
mastered by the end of each grade. By design, no mention is made of
when they actually are taught in the classroom

2. Learn the new structure.

a. At the top of each discipline a re the final prepared graduate competencies
all students should be able to do in twelfth grade. This is the goal or the
Afend inmWombehind the rest of the text

b. The standards are the Abucketso of how we

subject of study into those which are related to one another. (For
example, pattern finding and algebraic thinking are similar and therefore
are organized together within mathematics)

c. Each grade or grade span now has grade levels of expectation (of
mastery), not A bhesecepresant & distinct coficept a nd skills
a student should know

d. Now, each expectation also has an evidence outcome for a student to
make meaning of the knowledge and prove how they know it. This is
intended to engage the student and help them find rele vance in the study.
The 21 % century skills are  a part of this evidence element

3. Examine this document as a prototype. It is a first draft of revised state
standards . It is by no means perfect or finished. Does this conceptually work?
How would you improve it?

4. Let us know your comments and stay engaged early this year.

a. Write us your specific ideas about what needs to be kept and what ne eds
improvement at our web page

b. Attend a face to face evening town meeting at one of 24 city sit €s across
the state of Col orado
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One final comment:

These drafts represent a new kind of state standards. It is not a resource or a
substitution for curriculum. It is intentionally only the outline of the most crucial

concepts and skills students must master at grade level or high school level to be
successful for opportunities at higher learning institutions.

It begs for new kinds of professional development, teacher education, state curriculum
supports and new assessments.

€ An dhat was the genesis of the change mentioned at the beginning of the 2008
Colorado education reform.
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Principles of the Standards Review Process

The Colorado Model Content Standards revision process has been informed by these
guiding principles:

e Begin with the end in mind; define what prepared graduates n eed to be
successful using 21 * centur y skills in our global economy.

e Align K -12 standards with early childhood ex pectations and higher education

e Change is necessary

e Standards will be deliberately designed fo r clarity, rigor, and coherence

e Standards wil | be fewer, higher, and clearer

e Standards will be actionable

Notable Changes to the Colorado Mathematics Model Content Standards

The most evident changes to the Colorado Math standards result from a change from
grade band standards (K -4,5-8,and 9 -12)to grade level expectations. These are
explained here in addition to other changes that will be apparent upon comparison
between the current math standards and the proposed changes.

1. Impact of standards articulation by grade level . The original Colorado M  odel
Content Standards for Mathematics were designed to provide districts with
benchmarks of learning for grades 4, 8, and 12. The math standards revision
subcommittee was charged with providing more a specific learning trajectory of
concepts and skills a cross grade levels, from early school readiness to post -
secondary preparedness. Articulating standards by grade level in mathematics
affords greater specificity (clearer standards) in describing the learning path of
important mathematics across levels (hi gher standards), while focus ing on a few key
ideas at each grade level (fewer standards).

2. Articulation of high school standards . High school standards are not articulated
by grade level but by standard. This is intended to support district decisions on how
best to design curriculum and courses, whether through an integrated approach, a
traditional course sequence, or through alternative approaches such as through
Career and Technical Education. The high school math standards delineate what all
high school students should know and be able to do in order to be well prepared for
any post -secondary option. The individual standards are not meant to represent a
course or a particular timeframe. All students should be able to reach these rigorous
standard s within four years. Students with advanced capability may accomplish
these expectations in a shorter timeframe leaving open options for study of other
advanced mathematics.

3. Integration of P -2 Council 6s r ec o mnidendathsubaomrsittee has
integra ted the P -2 Building Blocks document into the P -12 math standards, aligning
expectations to a great degree. Important math concepts and skill are clearly
defined across these foundational years, detailing expectations to a much greater
extent for teachers  and parents.

4. Standards are written for mastery . The proposed revisions to standards define
mastery of concepts and skills. Mastery means that a student has facility with a skill
or concept in multiple contexts. This is not an indication that instructio n on a grade
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level expectation begins and only occurs at that grade level. Maintenance of
previous ly mastered concepts and skills and scaffolding future learning are the
domain of curriculum and instruction, not standards.

5. The processes and procedures of school Algebra have been made more
explicit . A comparison of an original Colorado Math Standard with the proposed
revision illustrates this increased level of specificity.

e Original Standard 2, benchmark 4
0 Analyze and explain the behaviors, transformati ons, and general
properties of types of equations and functions (for example, linear,
guadratic, e xponential)
e Revised Standard 2, expectations 2 and 3
e Analysis of elementary functions and their inverses, by investigating rates
of change, intercepts, asympt otes, domain, range, and local and global
behavior using all available tools, including technology
e Application of transformations, including arithmetic combinations
(addition, subtraction, and multiplication) and translations (vertical,
horizontal, and dil  ations) to representations of elementary functions using
tables, graphs, symbols, text, and geometric models, using all available
tools, i ncluding technology

6. Explicit evolution of algebra concepts . The proposed revisions include a more
explicit delineati on of algebra concepts across grade levels. Algebra concepts
develop from elementary through middle school with a rigorous treatment of algebra
content in grades 8 and high school.

7. Design of emphasis on standards across grade levels . The subcommittee
deliberately designed the standards to emphasize specific concepts and skills at
different grade levels. This allows teachers to focus on fewer concepts at greater
depth than in the past.

8. Intentional integration of technology use, most notably at the high school
level . Using appropriate technology to allow students access to concepts and skills
in mathematics in ways that mirror the 21 st century workplace.

9. Greater focus on Data Analysis, Statistics and Probability across all grade
levels . Informationli teracy in mathematics involves the ability to manage and
make sense of data in more sophisticated ways that in the past. The subcommittee
notes this by emphasizing data analysis, statistics, and probability to a greater
degree than in the original math st andards.
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Below is a quick guide to other changes in the mathematics standards:

Area \ Summary of changes

Current Standards

Proposed Revisions

Number of standards

Colorado has 6 standards in
mathematics

The p roposal is to combine
stand ard s 1 and 6 and
standards 4 and 5

Names of standards

Standard 1

Number Sense and

Number Relationships
Standard 2

Patterns and Algebra
Standard 3

Data and Probability
Standard 4

Geometry
Standard 5

Measurement
Standard 6

Computation

Standard 1
Num ber Sense,
Properties and
Operations
Standard 2
Patterns, Functions
and Algebraic
Structures
Standard 3
Data Analysis,
Statistics and
Probability
Standard 4
Shape, Dimension and
Geometric
Relationships

Integration of 21 st

century and post -

Not deliberately attended to in
original document

¢ A design feature of the
revision process

grade b and beginning with
Kindergarten

¢ Benchmarks articulated by
grade band of K -4 w ith most
geared to upper grades

secondary workfo rce ¢ Intentionally integrated
readiness skills into evidence outcomes
P-2 e Standards articulated for e Pre-Kincluded.

e Grade level expectations
articu lated for each
elementary grade

e Clear expectations
articulated for grades PK -2

Number of grade level
expectations (GLE)

Average of 27 benchmarks per
grade level

Average of 10 grade level
expectations per grade level
(K-8) with 22 for high school
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Mathematics Subcommittee Members

Co-Chairs:

Mr. Michael Brom
Middle

Title | math teacher
Douglas County Schools

Subcommittee Members:

Ms. Kristine Bradley

Higher Education

Assistant Professor of Mathematics
Pikes Peak Community College

Mr. Greg George

District

K-12 Mathematics Coordinator
St. Vrain Valley School District

Ms. Camis Haskell

Elementary

Fifth Grade Classroom Teacher
Monroe Elementary

Thompson School District

Mr. Lanny Hass

High School

Assistant Principal

Thompson Valley High School
Thompson School District

Ms. Clare Heidema
Elemen tary

Senior Research Associate
RMC Research

Mr. James Hogan
Elementary

Elementary Math Instructional
Coordinator

Aurora Public Schools

Colorado Department of Education

Dr. Lew Romagnano

Higher Education

Professor of Mathematical Sciences
Metropolitan State College of Denver

Ms. Kristina Hunt

High School
Mathematics Instructor
Vista Ridge High School
Falcon School District 49

Ms. Deborah James

Elementary

Principal at Burlington Elementary
Burlington School District

Dr. Catherine Martin

District

Director of Mathematics and Science
Denver Public Schools

Mr. Richard Martinez Jr

Business

President and CEO

Young Americans Center for Finan cial
Education and Young Americans Bank

Ms. Leslie Nichols

Middle

Secondary Math Teacher

Lake City Community School
Hinsdale County School District

Ms. Alicia Taber O'Brien

High School

Mathematics Department Chair
Pagosa Springs High School
Archuleta S chool District 50
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Ms. Kathy O'Sadnick

Middle

Secondary Math Instructional Specialist
Jefferson County Schools

Ms. Kim Pippenger
Elementary

6th Grade Teacher
Pennington Elementary
Jefferson County Schools

Dr. Robert Powers

Higher Education

Associate Professor of Mathematical
Sciences

University of Northern Colorado

Ms. Rebecca Sauer

Middle

Secondary Mathematics Coordinator
Denver Public Schools

Mr. James Schatzman

Business

Senior Scientist - Northrop Grumman
Substitute teacher

Aurora and Cherry C  reek Public Schools

Ms. Julie Shaw

Elementary

Elementary Math Coordinator
Colorado Springs School District 11

Colorado Department of Education
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Mr. Jeff Sherrard

Business

Director, Information Technology
Ball Corporation

Ms. T. Vail Shoultz McCole

Pre-K

Instructor

Colorado Community  Colleges Online

Ms. Julie Steffen

Pre-K

Early Childhood Special Education Teacher
Invest in Kids

Denver

Ms. Julie Stremel

High School

Mathematics Teacher and Dept Chair
Aurora Central High School

Aurora Public Schools

Ms. Diane Wilborn

Middle

Assista nt Principal
Eagleview Middle School
Academy School District 20

Ms. Julie Williams

High

Assistant Principal

Doherty High School

Colorado Springs School District 11
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Mathematics National Expert Reviewer

Dr. Ann Shannon is a mathematics educator with ma ny decades of experience
specializing in standards, assessment, and curriculum. Currently, Ann works as an
independent consultant helping states, districts, and schools to better serve the needs of

diverse learners of mathematics.

Dr. Shannon was employed as a Research Fellow at the Shell Centre for Mathematics
Education, University Nottingham, England before moving her work to‘the University of
California, Berkeley in 1994,

At the University of California, she developed performance assessments for. the NSF -
funded Balanced Assessment project and the New Standards project. Her 1999
monograph, Keeping Score , was published by the National Research Council and drew

on her work for Balanced Assessment and New Standards:

In the recent past, Ann has helped Maine, G eorgia, and Rhode Island develop academic
standards for learning mathematics.
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References used by the mathematics subcommittee

The mathematics subcommittee used a variety of resources representing a broad range
of perspectives to inform their work. Thos e references include:

Singapore National Curriculum

Massachusetts Curriculum Framework

Virginia Standards of Learning

Finland 7 National Core Curriculum

WestEd Colorado Model Content Standards Review

Achieve Benchmarks for Elementary, Middle, and .High Sch ool
Mathematics

Benchmarks 2061

College Board Standards for College Success

Guidelines for Assessment and Instruction in Statistics Education

(GAISE)

e NCTM Principles and Standards for School Mathematics and Focal Points

e Standards for SuccessghUndeessnahygi Buccesso
e Minnesota Academic Standards, Mathematics K -12
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Colorado Academic Standards

Mathematics
Pure mathematics is, in its way, the poetry of logical ideas. (A. Einstein )
If America is to maintain our high standard of living, we mus t continue to innovate. We

are competing with nations many times our size. We don't have a single brain to waste.

Math and science are the engines of innovation. With these engines we can lead the

world. We must demystify math and science so that all stude nts feel the joy that follows
understanding. (  Dr. Michael Brown , Nobel Prize Laureate)

In the 21 *' century, a vibrant democracy depends on the full, informed participation of

all people. We all have a vast and rapidly growing trove of information at our fingertips

at any moment . However, being informed means, in.part, using oneds sens
shape, data and symbols to organize, interpret , make and assess the validity of claims

about quantitative information. In short, informed members of society kno w and do

mathematics.

Mathematics is indispensable for understanding our world. In addition to providing the

tools of arithmetic, algebra, geometry and statistics, it offers a way of thinking about

patterns and relationships of quantity and space and the. c onnections among them.
Mathematical reasoning allows us to devise and evaluate methods for solving problems,

make and test conjectures about properties ‘and relationships, and model the world

around us.
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Standards Organization and Construction

As the subc ommittee began the revision process to improve the existing social
studies standards and to meet the mandates of Senate Bill 08 -212 and of the State
Board of Education, it became evident that how the standards information was
organized, defined, and constr ucted needed to change from the existing documents.

Our new design is intended to provide more clarity and direction for teachers, and to

show how 21 % century skills and the elements of school readiness and
postsecondary and workforce readiness indicators give depth and context to
essential learnings.

The Continuum of State Standards Definitions shows the hierarchical order of the
standards components. The Standards Template  demonstrates how this continuum
is put into practice. The elements of our revised standards are:

Prepared Graduate Competencies: The P-12 concepts and skills that all students
leaving the Colorado education system must have to ensure success in a
postsecondary and workforce setting.

Standard: The topical organization of an academic content area.

High School Expectations . The articulation of the concepts and skills of a
standard that indicates a student is making progress toward being a prepared
graduate.

What do students need to know and be able to do in high school?

Grade Level Ex pectations: The articulation, at each grade level, the concepts and
skills of a standard that<indicates a student is making progress toward being ready

for high school.

What do students need to know and be abletodo  Preschool through 8 ™ Grade?

Evidence Outcomes : The indication that a student is meeting an expectation at
the mastery level.
How dowe know that a student can do it?

21 %' Century Skills and Readiness Competencies include the following:

¢ Inquiry:
Students actively observe and question, inves tigate, formulate evidence -
based explanations, communicate and justify explanations, and reflect &
refine ideas.

e Application of the Discipline in Society and Using Technology:
Students demonstrate knowledge, skills, and concepts in real -world, relevant
contexts.

¢ Nature of the Discipline:
Students understand the characteristics innate to the discipline.
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Continuum of State Standards Definitions

P-8 High School

]

T
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STANDARDS TEMPLATE

Content Area: NAME OF CONTENT AREA
Standard: The topical organization of an ac ademic content area.

Prepared Graduate Competencies:
u  The P-12 concepts and skills that all students leaving the Colorado education system must have to ensure
success in a postsecondary and workforce setting.

High School and Grade Level Expectation s

Evidence Outcomes 21 *' Century Skills and Readiness Competencies
Stud ents can: Inquiry:
Evidence outcomes are the indication Students actively observe and question, investigate, formulate
that a student is meeting an evidence =based explanations, communicate and justify explanations,
expectation at the mastery level. and reflect & refine ideas
Application of the Discipline in Society and Using Technology:

How do we know that a student can

do it? Students demonstrate knowledge, skills, and concepts in real -world,

relevant contexts.

Nature of  the Discipline

Studen ts understand the  characteristics innate to the discipline
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Prepared Graduate Competencies in Math

The Prepared Graduate Competencies are the Preschool through Grade 12 concepts and skills that all
students leaving the Colorado education system must hav e to ensure success in a postsecondary and
workforce setting.

Prepared Graduates:

e Understand the structure and properties of our number system. At their most basic level numbers
are abstract symbols that represent real world quantities

e Understand qua ntity through estimation, precision, order of magnitude, comparison. The
reasonableness of answers relies on the ability to judge appropriateness, compare, estimate, and
analyze error

e Are fluent with basic numerical and symbolic facts and algorithms, ar e able to select and use
appropriate (mental math, paper and pencil and technology) methads based on an understanding
of their efficiency, precision, and transparency

e Make both relative (multiplicative) and absolute (arithmetic) comparisons between quant ities.
Multiplicative thinking underlies proportional reasoning

¢ Recognize and make sense of the many ways in which variability,.chance, and randomness appear
in a variety of contexts

e Solve problems and make decisions that depend on understanding, explai ning, and quantifying the
variability in data

e Understand that equivalence is a foundation of mathematics represented in numbers, shapes,
measures, expressions, and equations

e Make sound predictions and generalizations based on patterns and relationships that arise from
numbers, shapes, symbols, and data

o Apply transformation to numbers, shapes, functional representations, and data

e Make claims.about relationships among numbers, shapes, symbols, and data and defend those
claims by relying on the propertie s that are the structure of mathematics

e Communicate effective logical arguments, using mathematical justification and proof. Mathematical
argumentation involves making and testing conjectures, drawing valid conclusions, and justifying
thinking

e Use crit ical thinking to recognize problematic aspects of situations, create mathematical models,
and present and defend solutions
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Readiness Competencies

Students should find enjoyment and beauty in the study of mathematics . Being involved in the
discipline of mathematics involves engaging in both the content and processes of ma thematics.
Mathematical content involves key concepts of number, algebra, data and probability, and geometry.
The processes of mathematics include problem solving, representation, communication, connections,

and reasoning and proof. Solving meaningful p roblems in real world contexts allows studentsto  see
the relevance of mathematics to their world . Representing patterns and relationships allows students
to make sense of and communicate important ideas in mathematics. Collaboration and communication

wit h others allows students to monitor, assess, and make sense of their own thinking and that of

others. Making connections within mathematics and to other disciplines and the world allows students

to transfer their learning and become flexible, agile thinke rs. Engaging in reasoning and proof allows
students access to the heart of mathematical thinking.

Three themes are used to describe these important competencies and are interwoven throughout the
mathematics standards: inquiry, application of mathematics to society, and the nature of
mathematics. These competencies should not be thought of stand -alone concepts but should be
integrated throughout the  mathematics curriculum in all grade level s. Justasit is impossible to teach
thinking skills  to students without content to think about, it is equally impossible for students to
understand the mathematics without grappling with and investigating

Inquiry . Inquiry is a multifaceted practice requiring students to think and actively pursue
understanding. Inquir y demands that students (a) engage in an active process of observation and
guestioning, ( b) investigate to gather evidence, ( c) formulate explanations based on evidence, ( d)
communicate and justify explanations, and ( e) reflect and refine ideas. Inquiry i s more than hands -on

activities; it requires students to cognitively wrestle with core concepts as they make sense of new
ideas.

Applying the Discipline in Society and Using © Technology . The hallmark of learning a discipline is

the ability to demonstrat e the knowledge, skills, and concepts in real -world, relevant contexts.
Components of this include solving problems, and developing, adapting, and refining solutions for the
betterment of civilization. The application of a discipline, including the use of technology , enables
students to fully engage in and contribute to a global, interdependent society.

Nature of the Discipline . A discipline is defined by the concepts , skills, and processes that are
unigue to it . These characteristics are enacted throug h particular habits of ~ the mind, which define the
ways of knowing and thought processes. An understanding of the characteristics innate to the
discipline allows students to expand their understanding of its unique contributions to society and the
greater g oad of humanity.
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Math inthe21 *' Century

Colorado's description of 21st century skills is a synthesis of the essential abilities students must apply
inour fast chang ingworld. Todayds students need a repertoire of
diverse, complex, and integrated than any previous generation. Math is inherently demonstrated in
each of Colorado 21 ' Century Skills, as follows:

Critical Thinking & Reasoning

Mathematics is a discipline grounded in critical thinking and reasoning. Doing mathematics involves
recognizing problematic aspects of situations, devising and carrying out strategies, evaluating the
reasonableness of solutions, and justifying met hods, strategies, and solutions. Mathematics provides
the grammar and structure that make it possible to describe patterns that exist in nature and society.

Information Literacy

The discipline of mathematics equips students with tools and habits of mind to organize and interpret
guantitative data. Informationally literate mathematics students® effectively use learning tools,
including technology , and clearly communicate using mathematical language.

Collaboration

Mathematics is a social discipline invol ving the give and take of ideas between people. In the course of
doing mathematics, students offer ideas, strategies, solutions, justifications, and proofs for others to
evaluate. In turn, the mathematics student interprets and. evaluates the ideas, strate gies, solutions,

justifications and proofs of others.

Self -direction

Doing mathematics requires a productive disposition and self -direction. This involves monitoring and
assessing onebds mat hemati cal thinking and omskpssandsensibheg
solutions.

Invention

Mathematics is a dynamic discipline, ever expanding as new ideas are contributed. Invention is the
key element of the expansion both within as students make and test conjectures, create mathematical
models of r eal-world phenomena, generalize results, and make connections among ideas, strategies
and solutions.
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Colorado Academic Standards in Math

The Colorado Academic Standards in Math are the topical organization of the concepts and skills every
Colorado student should know and be able to do throughout their Preschool through Grade 12
expe rience.

Number Sense, Properties, and Operations. Number sense provides students with a firm
foundation in mathematics. Being a student of mathematics involves building a deep understanding of
quantity, ways of representing numbers, relationships among numbers, and number systems.

Students learn that n  umbers are governed by properties and understanding these properties leads to
fluency with operations.

Patterns, Functions, and Algebraic Structures. Pattern sense gives students a lens with which to
understand trends and commonalities. Being a student of mathematics involves recognizing and
representing mathematical relations hips and analyzing change . <Students learn that the structures of
algebra allow comple x idea s to be expressed succinctly.

Data Analysis, Statistics, and Probability. Data and probability sense provides a student with
tools to make meaning of information and uncertainty. Being a’ student of mathematics involves
asking questions and then gathering or using data to answer these ques tions. Students learn that
there are a variety of data analysis and statistics strategies that enable them to analyze, develop and

evaluate inferences based on data. Probability provides the foundation for collecting, describing, and
interpreting data.

Shape, Dimension , and Geometric Relationships . Geometric sense allows students to
comprehend space and shape. Being a student of mathematics involves.analyzing the characteristics

and relationships of shapes and structures, engaging in" logical reasoning, and using tools and
techniques to determine measurement. Students learn that geometry and measurement are useful in
representing and solving problems in the real -world and throughout mathematics.
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Grade Level Expectations at a Glance

High School

Number Sense,
Properties, and
Operations

Analysis of the propertie s of the system of real numbers

Use of number theory arguments to justify relati onships
involving whole numbers

Development of an under  standing of counting techniques
Application of computation an d estimation

Patterns,
Functions, and

Algebraic

Structures

Representation of continuous relations and elementary
functions (linear, quadratic, absolute value, power, and
exponential functions and their inverses)and of discrete
relations and elementary functions (arithmetic and
geometric sequences) using tables

Analysis of elementary functions and their inverses, by
investigating rates of change; intercepts, asymptotes,
domain, range, and local and global behavior using all
availa ble tools, including techn  ology

Application of transformations, including arithmetic
combinations (addition, subtraction, and multiplication),
translations, and dilations to representations of elementary
functions using tables, graphs, symbols, text, and
geometric models, using all avai lable tools, including
technology

Understand equivalent forms of expressions, equatio ns,
inequalities, and relations

Finding solutions to’'equations, inequalities and systems of
equations using all available tools, including tec hnology

Use of elementar y functions (linear, quadratic, absolute
value, power, and exponential and their inverses) and their
transformations to identify essential quantitative

relationships in a situation and to model real -world
situations, using all available to ols, including te  chnology

Data Analysis,
Statistics, and
Probability

Design of censuses, surveys, observational and

experimental studies to answer statistical questions and
understand the types of inferences that can legitimately be
drawn from each

Evaluation of the quali  ty of observational studies, su rveys,
and experimental studies

Selection of appropriate methods to collect, organize and
analyze data (numerical and categorical, univariate and
bivariate) using tables, graphical displays, a nd numerical
summary statistics

I nterpretation of results of a study, inclu ding inferences
and predictions

Experimentation with random phenomena using probability
and simulation with technology
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High School

(continued)

1. Determination and uti  lization of the area of irregular
shapes, and surface area and volume of cones and
pyramids, cy linders and prisms, and spheres

2. Relationships among two - and three -dimensional
geometric figures, including cong ruence, similarity and
symmetry

Shape, . L . .
. : 3. Representation, a pplication and analysis of simple
Dimension, and ) . . ; .
) transformations of objects in the plane including
Geometric . : . .
) . translations, reflections, rotations and dilations through
Relationships . . .
use of a Cartesian coordinate sy stem’ and/or construction
tools

4. Validation of geometric conjectures using deducti on,
proving theorems and reasonable justifications.

5. Indirect measurement of quantities using techniques of
algebra or geometry.

Eighth Grade
1. Demonstration of an understanding the properties of real
Number Sense, numbers in  prob lem solving situations
Properties, and 2. Construction, use, and explanation of effective and efficient
Operations computation procedures with rational numbers in problem
solving situations

1. Descriptions of linearpattern, relation, and fun ction
relationships using‘equations, tables, and graphs in
problem solving situations, and conversi ons among these
representations

Funzz(t)tﬁgn?a,nd 2. Use of the properties of algebra, equality, and inequality to
Al ebr,aic create equivalent algebraic expressions and solve linear
9 eguati ons and inequalities using a variety o f methods,
Structures : .
including technology

3. Application of properties of linear relations and functions to
interpret linear situations using algebraic methods, graphs,
and technology

Data Analysis, 1. Analysis and interpretation of two ~ -variable data
Statistics, and . fth in which . be mi d
Probability 2. Recognition of the ways in which statistics can be misuse
Shape, 1. Description, analysis and reasoning about angles, parallel
Dimension, and lines, and perpendicular lines
Gepmetr_ic 2. Estimation, cr eation, and usage of direct and indirect
Relationships measurements to describe and make comparisons
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Seventh Grade

Number Sense,
Properties, and

Understand and use equivalent representations (including
models) of integer s and positive rational numbers

Use of integers and positive rational numbers effectively
and efficiently to solve problems

Operations ) i )
Use proportional reasoning to solve for an unknown part in
problem solving situations

Patterns, . . . .
: Description of linear patterns, re lations and functional
Functions, and ; : : : :
Algebraic relationships using equations, tables, and graphs in
problem solving situations
Structures

Data Analysis,
Statistics, and

Analysis and interpretation of one
shape, center , and spread

-variable data regarding

Probability Analysis of data using ¢ oncepts of relative frequency
Shape, Estimation and calculation of area of circles and composite
Dimension, and figures, circumference of ci  rcles, surface area, and volume
Geometric Application of ratio, proportion, and‘similarity in problem -
Relationships solving situations
Sixth Grade

Number Sense,
Properties, and

Understand and use equivalent representations (including
model s) of positive rational numbers

Use positive rational numbers effectively and efficiently to

Operations solve problems
Comparison of guantities using ratios and rates
Patterns, Use of a variable as a repres  entation for unknown
Functions, and quantities
Algebraic Analysis-and description of patterns, with and without
Structures variables, using words, tables, and graphs
Formulation of g uestions and collection of dat a.
DataAnalysi s, Employment of counting strat egies to determine sample
Statistics, and space
Probability Exploration of the concept of chance using experimental
and theoretical probability
Identification, comparison, conjecturing, and reasoning
Shape, about prope rties of two -dimensional shapes
Dimension, and Usage of equivalent measurements f or length, capacity,
Geometric and weight

Relationships

Solve problems that require attention to both
approximation and precision of measurement
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Fifth Grade

Number Sense,
Properties, and

Application of number theory concepts and operation al
properties to solve problems

Equivalence, comparison, ordering, and computation of
fractions, decimals, and percents

Operations Fluently use an d explanation of efficient procedures to
solve multi -digit whole number multiplication and division
problems
Description, display, and analysis of patterns and

Patterns, relationships using a variety of tools including words ,
Functions, and tables, graphs and technology
Algebraic Analysis of relationships to identify how a change in one
Structures number results in a change in another number using all

four operations

Data Analysis,
Statistics, and

Formulation of questions, collection, construc tion, analysis,
and interpretation of datadisplays to solve problems or
communicate results

Probability Generation and analysis of data from chance devices and
events
h Identification, description, and analysis of spatial
. S _ape, relationships-and properties of tw o and three -dimensional
Dimension, and fi
‘ igures
Geometric

Relationships

Selection and usage of appropriate tools and units for
estimating and measuring to solve problems

Fourth Grade

Number Sense,
Properties,.and

Extension of understanding of base -ten number system to
whole numbers to 100,000 and decimals through
hundredths

Fluent use and explanation of efficient procedures to solve
multi - digit whole number multi plication and division

Operations problems
Representation, comparison, and order of common
fractions and decimals (for example, 1/2, 1/3, 1/4, 3/4,
0.5, .25) through the use of models and drawings
Recognition, reproduction, extension, creation, or
description of patterns and sequences that are formed
using a variety of materials incl  uding manipulatives and
Patterns, numbers
Functions, and Demonstration of understanding of patterns and
Algebraic relationships by solving for missing elements or unknown
Structures guantities i n problems and simple equations

Observation and explanation about how a change in one
quantity can produce a change in another, given a
relationship between two quantities
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Fourth Grade (continued)

1. Formulation of questions, collection, construction, analysis,
Data Analysis, and interpretation of data disp lays to solve problems or
Statistics, and communicate results
Probability 2. Solutions to problems involving combinations
3. Generation, analysis, and representation of possibilities
1. Comparison and clas sification of geometric figures
Shape, . . . . .
. : 2. Solutions to problems using geometric relationships,
Dimension, and . : :
. transfo rmations, and spatial reasoning
Geometric i ) )
Relationships 3. Selection and usage of appropriate tools.and units for
estimating and measuring to solve problems
Third Grade
1. Extension of underst anding of base -ten number sy stem to
whole numbers to 10,000
2. Representation, comparison, and order of who le numbers
Number Sense, and common fractions
Propertie;, and 3. Development, discussion, and-use of efficient, accurate,
Operations and generalizable methods to add and sub tract multi  -digit
whole numbers
4. Demonstration of conceptual understanding of
multiplication and division with single digit factors
Patterns, 1. Identification, description, and extension of patterns
Functions, and formed using a variety of materials and manipu  latives
Algebraic 2. Recognition, understanding, and use of patterns to solve
Structures problems
i 1. Collection, construction, analysis, and interpretation of
Date} Ana ys":’j’ data displays:to solve problems or communicate resu Its
Statistics, an from experiments or surve  ys
Probability . - . .
2. Generation of data and predictions using chance devices
1. Recognition of basic attributes and properties of geometric
Shape, . :
. ) figures and usage of these to describe, analyze, and
Dimension, and classify shapes
Geometric : . . .
2. Selection and usage o f appropriate tools and units for time,

Relationships

weight, temperature, and precise linear measurements
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Second Grade

Number Sense,
Properties, and

Demonstration of place  -value concepts to 1,000 through
their relationships to ¢ ounting, ordering, and gr  ouping

Develop, discuss, and use accurate methods to add and
subtract two -digit w hole numbers

Operations i .
Demonstration of the understanding of commonly -used
fraction concepts
Identification of patterns and relationships and use of that
Pqtterns, information to solve a problem using a variety of materials
Functions, and . - : .
Algebraic Recognition, description, reproduction, extension, and
Structures creangn of mcregsmgly complex patterns'using a variety of
materials including numbers
Vi Collection, generation, reading, analysis, and int erpretation
Data Analysis, of displays of data
Statistics, and ; fd d predicti . h devi
Prob ability Gene_rauo_n of data and pre ictions using chance devices
and situations from dailylife
Shape, Application of spatial relations hips and properties to
Dimension, and describe and transform geometric figures
Geometric Selection and usage of appropriate tools and units for
Relationships measurements using non - -standard and standard measures
First Grade

Number Sense,
Properties, and

Demonstration of place  =value concepts to 100 through
their relationships to counting, ordering, and grouping

Demonstration of the meaning of addition and subtr action,
and their relationships

Relationships

Operations - ) o
Recognition of part/whole relationship with common
fractions
Pa_ltterns, Creation and extension of a patterns based on rules
Functions, and . ¢ ¢ that inf i
Algebr aic Recognition of patterns and usage of that information to
Studiires solve a problem
Date_t A_naIyS|s, Generation, reading, analysis, and interpretation of
Statistics, and displavs of data
Probability play
Shape, Usage of part -whole relationships, attributes, and
Dimension, and properties to compose and decompose shapes
Geometric Comparison and ordering of objects and events according

to measurable attributes
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Kindergarten

Number Sense,
Prope rties, and

Representation, comparison, and orde r of whole numbers
less than 20

Composition and decomposition of whole numbers through

Structures

Operations 10; join and separate sets with manipulatives or models,
including coins
Patterns, Recognition, description, reproduction, extension, and
Functions, and creation of simple patterns using a variety of materials
Algebraic including numbers

Description of basic relationships with numbers to 10

Data Analysis,
Statistics, and

Categorization and  classification of objects and information
Description and comparison of data‘displays

Relationships

Probability
Shape, Recognition, naming, description a nd construction of basic
Dimension, and shapes
Geometric

Comparison and ordering of objects according to
measurabl e attributes

Preschool

Number Sense,
Properties, and

Counting a nd grouping objects and numbers
Use of numbers. and counting as a means for solving

Operations problems
Patterns,
Functions, and . o
Algebraic Recognition and duplication of patterns
Structures

Data Analysis,
Statistics, and

Sorting objects and information

Relationships

Probability
. Shape, q Recognition and creation of shapes and awareness of
Dimension, ol position in space
Geometric

Measurement of time and size
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Number Sense, Properties, and Ope rations

Number sense provides students with a firm foundation in mathematics. Being a student of
mathematics involves building a deep understanding of quantity, ways of representing numbers,
relationships among numbers, and number systems. Students learn that numbers are governed by
properties and understanding these properties leads to fluency with operations.

Prepared Graduate Competencies

The Prepared Graduate Competencies are the Preschool through Grade 12 concepts and skills that

all students leav ing the Colorado education system must have to ensure success in a
postsecondary and workforce setting.

Prepared Graduate Competencies in Number Sense, Properties, and Operations standards are

U Understand the structure and properties of our number system. At their most basic level numbers are abstract
symbols that represent real world quantities

U0 Understand quantity through estimation, precision, order of. magnitude, comparison. The reasonableness of answers
relies on the ability to judge appropriateness, compare, estimate, and analyze error

U Are fluent with basic numerical and symbolic facts and algorithms, are.able to select and use appropriate (mental
math, paper and pencil and technology) methods based on an.understanding of their efficiency, precision , and
transparency

U Make both relative (multiplicative) and.absolute (arithmetic) comparisons between quantities. Multiplicative thinking
underlies proportional reasoning

U Understand that equivalence is a foundation of mathematics represented in numbers, s hapes, measures, expressions,
and equations

U Make sound predictions and- generalizations based on patterns and relationships that arise from num bers, shapes,
symbols, and data

U Apply transformation to numbers, shapes, functional representations, and data.

0 Make claims about relationships among numbers, shapes, symbols, and data and defend those claims by relying on
the properties that are the structure of mathematics

U Communicate effective logical arguments, using mathematical justification and proof. Mathematic al argumentation
involves making and testing conjectures, drawing valid conclusions, and justifying thinking.

0 Use critical thinking to recognize problematic aspects of situations, create mathematical models, and present and
defend solutions
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Content Ar ea: Mathematics
Standard: Number Sense, Properties, and Operations

Prepared Graduate Competencies:
G Understand the structure and properties of our number system. At their most basic level numbers are abstract symbols

that represent real world quantitie S

High School  Expectation
Concepts and skills students know include:
1. Analysis of the properties of the system of real numbers

Evidence Outcomes 21 *' Century Skills and Readiness Competencies
Students can: Inquiry:
(This expectation will be assessed under ¢ How many and what kinds of numbers are between any two points on the number
Standard 2) line?
a. Show that between any two rational ¢ How many rational numbers are there?
numbers there are an infinite number ¢ Is there only one meaning of infinite?

of rational numbers, and that between
any two irrational numbers there are
also an infinit e number of irrational

numbers

b. Use the distributive, associative, Ap plying Mathematics in Society and Using Technology:
commutative, an  d inverse properties e Explore repe ated iteration through fractals
of arithmetic to analyze the e Find a fract ion between two other fractions

characteristics of number systems

Nature of  Mathematics
s Mathematicians build a deep understanding of quantity, ways of representing
numbers, and re lationships a mong numbers and number systems
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Content Area: Mathematics
Standard: Number Sense, Properties, and Operations

Prepared Graduate Competencies:
i Make claims about relationships among numbers, shapes, symbols, and data and defend those claim s by relying on the
properties that are the structure of mathematics

High School  Expectation
Concepts and skills students know include:
2. Use of number theory arguments to justify relationships involving whole numbers

Evidence Outcomes 21 *' Century Skills and Readiness Competencies
Students can: Inquiry:
a. These evidence outcomeswi Il be e Is the sum of two odd numbers always even? Justify your answer.

Is the product of two odd numbers always odd? Justify your answer.
What makes a conjecture testable?

What relationships  exist between numbers?

What value is there to finding relationships with whole numbers?

assessed under Standard 2
b. Develop and justify conjectures about
relati onships involving whole numbers
c. Develop and justify conjectures about
the distributive, associative,
com mutative, and inverse properties
of the whole number system

Applying  Mathematics in Society and Using Technology:
e Apply deductive logic and argumentation in science contexts and debate
e Explore the application of the use o f prime factors in cryptography

Nature of  Mathematics
e Mathematicians create plausible conjectures based on evidence, experiments and
experience, seeking generalizations
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Content Area: Mathematics
Standard: Number Sense, Properties, and Operations

Prepared Graduate Competencies:
U Recognize and make sense of the many ways in which variability, chance, and randomness appear in a variety of
contexts

High School  Expectation

Concepts and skills students know include:

3. Development of an understandin g of counting techniques

Evidence Outcomes

21 *' Century Skills and Readiness Competencies

Students can:
a. This evidence outcome  will be
assessed in Standard 3
b. Use combinatorics (Fundamental
Counting Principle, permutations and
combinations) to solve proble ms in
real world contexts

Inquiry:
e This evidence outcome will be assessed in St andard 3
e Use combinatorics (Fundamental Counting Principle, permutations and
combinations) to solve problems in real world contexts

Applying  Mathematics in Society and Using Technology:
e Investigate scenarios of odds of winning the | ottery or other games of chance
¢ Investigate scenarios of when new ZIP codes, area codes or license plates are
needed

Nature of ~ Mathematics

e The nature of mathematics involves skepticism and appr eciation for evidence and
logic
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Content Area:
Standard:

Mathematics

Number Sense, Properties, and Operations

i

High School

Prepared Graduate Competencies:
Understand quantity through estimation, precision, order of magnitude, comparison. The reasonableness of answ
relies on the ability to judge appropriateness, compare, estimate, and analyze error

Expectation

ers

Concepts and skills students know include:

4. Application of computation and estimation

Evidence Outcomes

21 *' Century Skills and Readin ess Competencies

b.

Students can:
a.

This evidence outcome will be

assessed in Standard 2, 3, and 4

Use appropriate computation methods
that encompass estimation,

calcu lation, and degree of precision

Use technology to perform operations
(addition, subtraction, multiplication,
and division) on numbers written in

scie ntific notation with technology
Describe factors affecting take -hom e
pay and calculate the impact (PFL)
Design and use a budget, including
income (net take -home pay) and
expenses (mortgage, car loans,
living expenses) to demonstrate how
living within your means is essential
for a secure fin ancial future® (PFL)

and

Inquiry:
¢ Why do mathematicians use scientific notation?
¢ How do you determine the degree of precision needed for a particular scenario?
e How much will an individual need to save for retirement? (PFL)
e What is the relationship between education and potential future earnings? (PFL)

Applying  Mathematics in Society and Using Technology:

e Use scientific n  otation in the natural sciences

¢ Read, int erpretand use scientific notat ion with appropriate technology

¢ Create a spreadsheet to calculate a monthly budget including both income and
expenses and use this monthly budget to make informed purchase decisions in
support of both = short term and long term goals (PFL)

¢ Analyze how changes in an income or expenses affects a budget and make decisions
to support both  short term and long term goals (PFL)

o Estimate and compute a probable paycheck given a wage (or salary), tax tables
and other deduction schedules (PFL)

Nature of Mathematics
e Using mathematics to solve a problem requires choosing what mathematics to use;
making simplifying assumptions, estimates, or approximations; doing computation;
and then checking to see whether the answer makes sense
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Cont ent Area: Mathematics

Standard: Number Sense, Properties, and Operations
Prepared Graduate Competencies:
G Understand the structure and properties of our number system. At their most basic level numbers are abstract symbols
that represent real world qua ntities

Eighth Grade Expectation
Concepts and skills students know include:
1. Demonstration of an understanding the properties of real numbers in problem solving

situations
Evidence Outcomes 21 *' Century Skills and Readiness Competencies
Students can: Inquiry:
a. Compare and order sets of integers ¢ How can different quantities be expressed depending on the desired degree of
and rational numbers that are precision?
expressed as f ractions, decimals, or ¢ How are fractions, decimals and percents used to make comparisons?
percents e How does one decide whether to express a quantity as a fraction, decimal or
b. Given a whole number from O - 100, percent?

determine whether it is a perfect
square or find the two consecutive
whole numbers bet ween which its

square root lies Applying  Mathematics in Society and Using Technology:
c. Approximate the location o f square e Use technology to order and convert between fr actions, decimals, and percents
roots on a number line e Measure in the metric system using decimals or the cu stomary system using
fractions

e . _Use the Pythagorean Theorem to estimate distance indirectly

Nature of Mathematics
e Mathematics provides a precise language to describe objects and events and the
relationships among them
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Content Area: Mathematics
Standard: Number Sense, Properties, and Operations

Prepared Graduate Competencies:
u Are fluent with basic numerical and symbolic facts and algorithms, are able to select and use appropriate (mental math,
paper and pencil and technology) methods based on a n understanding of their efficiency, precision, and transparency

Eighth Grade Expectation

Concepts and skills students know include:
2. Construction, use, and explanation of effective and efficient computation procedures with
rational numbers in prob  lem solving situations

Evidence Outcomes 21 *' Century Skills and Readiness Competencies
Students can: Inquiry:
a. Add, subtract, multiply and divide e How do operations with rational numbers compare to operations with whole
rational numbers including integers, numbers?
positive and negative fractions and e How do you know ifa  computational strategy is sensible?
decimals ¢ Why would estimation be used in problem solving?
b. Apply computational methods to sol ve

multi - step application problems
involvin g percents and rational

numbers
c. Analyze how taxes and credit impact Applying  Mathematics in Society and Using Technology:
personal financial goals  (PFL) e Calculate the amortization of a | oan or simple/compound interest

¢ Use fractional or mix. ed number values within rec ipes
e Analyze how_ taxes affect spending ability (PFL)
e _Compare the cost of saving and investin g choices (PFL)

Nature of Mathematics
e Mathematicians describe their processes and solutions using careful vocabulary and
precise notation
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Content Area: Mathematics
Standard: Number Sense, Properties, and Operations
Prepared Graduate Competencies:

U Understand that equivalence is a foundation of mathematics represented in numbers, shapes, measures, expressions,
and equations

Seventh Grade Expectation

Concepts and skills students know include:
1. Understand and use equivalent representations (including models) of integers and positive
rational numbers

Evidence Outcomes 21 *' Century Skills and Readiness Competencies
Students can: Inquiry:
a. Read, write, locate  on number line, ¢ Why are there negative numbers?

compare and order integer s and e What are the ways that posi tive rational numbers can be represented?
positive rational numbers ¢ How do we compare and contrast numbers?

b. Apply the definition  of absolute value e Why do we use scientific notation?
with integers

c. Expresslarge and smallnu  mbers
using scientific notation

Applying  Mathematics in Society and Using Technology:
e Use scientific notation to express large and small measurements, such as the
distance between two planetary bodies, the weight of a microscopic organism, or th e
size of the US national debt
o . _Make comparisons of numbers in different in contexts such as in science, e veryday
life, or current events

Nature of Mathematics
e Mathematicia ns describe their processes and solutions using careful vocabulary and
precis e notation
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Content Area: Mathematics
Standard: Number Sense, Properties, and Operations
Prepared Graduate Competencies:
U Are fluent with basic numerical and symbolic facts a nd algorithms, are able to select and use appropriate (mental math,
paper and pencil and technology) methods based on an understanding of their efficiency, precision, and transparency

Seventh Grade Expectation
Concepts and skills students know include:
2. Use of integers and positive rational numbers effectively and efficiently to solve problems

Evidence Outcomes 21 *' Century Skills and Readiness Competencies
Students can: Inquiry:
a. Simplify numeric expression s using ¢ How do operations with rational numbers compare to operations with integers?
the order of operations ¢ How do you know if a computational strategy is sensible?
b. Add, subtract , mul tiply, and divide e Why does the order of operations exist?
integers

c. Use mental math and estimation
strategies to so Ive problems involving

percents
d. Solve problems involving percent of a
number, discounts, taxes, simple Applying  Mathematics in Society and Using Technology:
interest, percent  increase, and percent e Compare store discounts from advertisements to det ermine best buys, including tax
decrease (PFL) (PFL)
e. Analyze components ofa  budgetan d o Determine the correct order of input into a calculator so that the calculator will
apply to real life situation (PFL) follow the order of operations

e Estimate atip, ato- tal bill, or the amoun t of money left on a gift card (PFL)
¢ Find the percentincre ase or decrease in a population

Nature of ~Mathematics
s Mathematics involves calculation. Mathematicians care about the rule s of calculating
within systems
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Content Are a: Mathematics
Standard: Number Sense, Properties, and Operations
Prepared Graduate Competencies:
U Make both relative (multiplicative) and absolute (arithmetic) comparisons between quantities. Multiplicative thinking
underlies proportional reasoning

Seventh Grade Expectation
Concepts and skills students know include:
3. Use proportional reasoning to solve for an unknown part in problem solving situations

Evidence Outcomes 21 *' Century Skills and Readiness Competencies
Students can: Inquiry:
a. Use ratiorel ationshipsto solve for a ¢ What information can a relative comparison give that an absolute comparison
missing value in a proportion cannot?
b. Model proportional relationships with e How ca n comparisons be made using ratios?
bar models, ra tio tables, and similar ¢ Why are ratios needed?
figures ¢ How can we use proportions to solve problems?
c. Explain the difference betwe  en a ratio, e How do you know when a proportional relationship exists?
rate, and unit rate
d. Use unit rates as a method of
comparison Applying  Mathematics in Society and Using Technology:
e. Estimate and co mpute unit cost of e Create scale m odels of large or smal | objects
consumables (to include unit e Find and compare unit rates of items to determ ine better value (PFL)

conversions if necessary) sold in
quantity to make purchase decisions
based on cost and practicality (PFL)

Nature of  Mathematics
e Mathematics involves the study of quantity and shape and is useful for describing
events and solving practical problems
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Content Area: Mathematics

Standard: Number Sense, Properties, and Operations
Prepared Graduate Competencies:
U Understand that equivalence is a foundation of mathematics represented in numbers, shapes, measures, expressions,
and equations

Sixth Grade  Expectation

Concepts and ski lls students know include:
1. Understand and use equivalent representations (including models) of positive rational
numbers
Evidence Outcomes 21 *' Century Skills and Readiness Competencies
Students can: Inquiry:
a. Read, write, compare, convert o Dem onstrate how taxes and.tips represent part of atotal bill?  (PFL)
between and order p  ositive rational e Choose representations of rational numbers that a llows for efficient computation?

numbers in a variety of forms
including proper and improper
fractions, mixed numbers, decimals,
and percents

b. Express whole numbers as products of
prime factors with exponents and use

prime factorization to find the greatest Applying  Mathematics in Society and Using Technology:
common factora ndleast common e Demonstrate how taxes and tips represent partof at otal bill (PFL)
multiple of two humbers e Choose representations of rational numbers that allows for efficient computation

c. Express the quotient and remainder of
a whole number division problem (a/b
or a + b) using fractions, terminating
decimals, or repeating decimals

d. Locate positive fraction s.and decimals
on a number line

Nature of  Mathematics
e Mathematics involves multiple poi nts of view and representations

Colorado Department of Education Draft Date: 07/29/09 Page 39 of 142



Content Area: Mathematics

Standard: Number Sense, Properties , and Operations
Prepared Graduate Competencies:
u Are fluent with basic numerical and symbolic facts and algorithms, are able to select and use appropriate (mental math,
paper and pencil and technology) methods based on an understanding of their efficien cy, precision, and transparency
U Understand quantity through estimation, precision, order of magnitude, comparison. The reasonableness of answers
relies on the ability to judge appropriateness, compare, estimate, and analyze error

Sixth Grade  Expectation
Concepts and skills students know include:
2. Use positive rational numbers effectively and efficiently to solve problems

Evidence Outcomes 21 %' Century Skills and Readiness Competencies
Students can: Inquiry:
a. Add, subtract, multiply and divide ¢ How do fraction and decimal operat ions affect numbers?
positive fract ions, decimals, and ¢ How do youknow if a computational strategy is sensible?
combina tions of fractions and decimals e What models or diagrams help one understand fraction or decimal computation
b. Solve multi -step word problems problems?
involving fracti ons, decimals and ¢ Why might estimation be better than an exact answer?
whole numbers ¢ How do operations with fractions and d ecimals compare to operations with whole
c. Estimate sums, differences, products numbers?
and quotients of rational numbers
using common fractions, com mon Applying * Mathematics in Society and Using Technology:
decimals, and wh ole humbers e Find the amount of ingr  edients when adjusting a recipe
d. Compare and round positive numbers e Given.an amount of material, find how many eq ual parts can be created
from thousandths through millions ¢ Determine when estimation can be efficient method of calculation

e. Add, subtract, multiply and divide
positive fractions, decimals, and
combina tions of fractions and decimals

f.  Solve multi -step word problems
involving fracti ons, decimals and
wh ole numbers

g. Estimate sums, differences, products
and quotients of rational numbers
using common fractions, com mon
decimals, and whole numbers

h. Compare and round positive numbers
from thousandths through millions

Nature of  Mathematics
¢ Mathematics involves calculation. Mathematicians care about the rule s of calculating
within systems
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Content Area: Mathematics
Standard: Number Sense, Properties, and Operations
Prepare d Graduate Competencies:

U Make both relative (multiplicative) and absolute (arithmetic) comparisons between quantities Multiplicative thinking
underlies proportional reasoning

Sixth Grade  Expectation
Concepts and skills students know include:
3. Comp arison of quantities using ratios and rates

Evidence Outcomes 21 *' Century Skills and Readiness Competencies
Students can: Inquiry:
a. Apply multiplicative reasoning to ¢ How can comparisons of quan _tities help us understand relationships?
create equivalent fractions and reduce e Why is there no limit to the number of ways a fraction can be represented?
fractions to simplest form e How does changing the unit affect the amount of a fraction?

b. Express the comparison of two w hole
number quantities using differences,
part to part ratios, and part to whole
ratios in a real context

c. Compute unit rates in real world

situations involving mixtures, Applying  Mathematics in Society and Using Technology:
concentrations, and distan  ce-time e Estimate and compute u  nit cost of consumables sold in quantity to make purchase
relationships decisions based on cost and practicality (PFL)

o Estimate the rate, distance, or time traveled given the other two unit rates

e Findrate o fspeed given distance and time

Nature of  Mathematics
e Mathematics involves the study of quantity and shape and is useful for describing
events and solving practical problems
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Content Area: Mathematics
Standard: Number Sense, Properties, and Operations
Prepared Graduate Competencies:

i Understand the structu  re and properties of our number system At their most basic level numbers are abstract symbols
that represent real world quantities

Fifth Grade  Expectation

Concepts and skills students know include:

1. Application of number theory concepts and operat ional properties to solve problems
Evidence Outcomes 21 *' Century Skills and Readiness Competencies
Students can: Inquiry:
a. Apply concepts of squares, primes, e Why do we classify numbers?
composites, factors, and multiples to e How can | tell if an estimate is.reasonable?
solve problems e How do number theory concepts help me to navigate the number system and solve
b. Use the identity, associative, problems?
commutative, and dist  ributi ve ¢ How can | use operational properties to solve properties?
properties to solve problems e What are' s imple ways to determine divisibility without dividing?

c. Describe and use divisibility rules for
2,3,4,5, 6,9, and 10 to solve

problems Applying  Mathematics. < in Society and Using Technology:

d. Compose and decompose multi  -digit e Use exponents to represent commonly used quantities such gigabytes and other
numbers based on place value; whole qua ntities related to data storage
and decimal e Represent th e national debt us ing exponents

e. Represent numbers to 1,000,000 with
expanded notatio n and exponents

Nature of ~Mathematics
e Mathematicians are thinkers. They take ideas apart and put them back together
sometimes in different ways that lead to new insights
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Content Area: Mathematics
Standard: Number Sense, Properties, and Operation S

Prepared Graduate Competencies:
U Understand quantity through estimation, precision,

order of magnitude, comparison The reasonableness of answers

relies on the ability to judge appropriateness, compare, estimate, and analyze error

Fifth Grade  Expectat ion
Concepts and skills students know include:
2. Equivalence, comparison, ordering, and computation of fractions, decimals, and percents

Evidence Outcomes 21 *' Century Skills and Readiness Competencies

Students can: Inquiry:
a. Find equivalent forms of commonly .
used fractions, decimals, and percents

If a quantity can be represented as a fraction, decimal, or percentage, which is the
most appropriate and why?

using models, drawing s, and .
computational strategies

What are the ways to model operations with fractions, decimals, and percents? Do
some work better than others?

b. Use common fractions and percents to
calculate parts of whole numbers in
problem situations, including
comparisons in prices (PFL)

c. Model addition, subtraction, and Applying  Mathematics in Society and Using Technology:
multiplication of fr  actions, decimals, e Recognize the relationship between fractions, decimals, and percents on a geometric
and percents shape, an analog ' clock and a linear unit measure

¢ Research sale prices of popular it ems (cell phone packages, video games, computer
packages, etc.) and find the best value for the desired purchase (PFL)

e Use fractions, decimals and percentages found in current media, stud ents write the
equivalent forms

¢  Recognize the value of

commercial f inancial knowledge  (PFL)

Nature of Mathematics
e Mathematicians are thinkers They take ideas apart and put them back together
sometimes in different ~ ways that lead to new insights
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Content Area: Mathematics
Standard: Number Sense, Properties, an d Operations
Prepared Graduate Competencies:
u Are fluent with basic numerical and symbolic facts and algorithms, are able to select and use appropriate (mental math,
paper and pencil and technology) methods based on an understanding of their efficiency, pr ecision, and transparency

Fifth Grade  Expectation
Concepts and skills students know include:
3. Fluently use and explanation of efficient procedures to solve multi -digit whole number

multiplication and division problems
Evidence Outcomes 21 %' Centur y Skills and Readiness Competencies
Students can: Inquiry:
a. Use flexible methods of computing e How are multiplication and division related?
including student -generated and ¢ What makes one strategy or algorithm better than another?
standard algorithms to multiply and e What do.remainders mean?
divide multi -digit numbers by two - e When is the Acorrectodo answer, not the most u
digit factors or divisors
b. Model multiplication and division using
area, linear, and grouping models
c. Interpret remainders and select the

most useful form of the quotient in Applying  Mathematics in Society and Using Te chnology:
division prob lems e Apply procedures for whole number multiplication and division to real world
d. Select and use appropriate methods to problems, such as savingands  pending an allowance (PFL)
estimate products and quotients or e Interpret.the meaning of the remainder in situations such as determining the
calculate them mentally depending on number of buses needed for a field trip or how many packages of food to buy to
the context and numbers involved feed a family

Nature of Mathematics

¢ Mathematicians envision and test strategies for solving problems

e Mathematicians seek elegant, simple procedures to express complex mathematical
concepts. Mathematicians o ffer reasons for claims and consi der reasons suggested
by others
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Content Area: Mathematics

Standard: Number Sense, Properties, and Operations
Prepared Graduate Competencies:
G Understand the structure and properties of our number system. At their mo st basic level numbers are abstract symbols
that represent real world quantities

Fourth grade Expectation
Concepts and skills students know include:

1. Extension of understanding of base -ten number system to whole numbers to 100,000 and
decimals thro ugh hundredths
Evidence Outcomes 21 *' Century Skills and Readiness Competencies
Students can: Inquiry:
a. Read and write numbers from 1 to e How and why does the position of a digit in a number affect its value?
100,000 and explain pla  ce value for e How do decimal fractions follow the rules of pla ce value?
five -digit numbers
b. Compose and decompose multi  -digit

numbers based on place value
c. Readand write numbers to the
hundredths place

d. Identify the value of any given digit in Applying . Mathematics < in Society and Using Technology:
a number with decimals to the e Apply procedures for whole number multiplication and division to real world
hundredths place problems, such as s aving and spending an allowance (PFL)
e Compare numbers in context such as populations of mid -size cities, salaries, 0 r
attendance at sporting events
e Represent values less than one in decimal f ormat in monetary transactions (PFL)
e Apply place value concepts in comparing real world situations (ex: millions of miles
to the moon, tens of miles from ci ty to city, less than a mile from school to local
landmark)

Nature of  Mathematics
e Mathematicians envision and test strategies for solving problems.Mathematicians
recognize the patterns involving numbers and use the se to solve classes of problems
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Content Area: Mathematics
Standard: Number Sense, Properties, and Operations

Prepared Graduate Competencies:
u Are fluent with basic numerical and symbolic facts and algorithms, are able to select and use appropriate (mental math,
paper and pencil and tec  hnology) methods based on an understanding of their efficiency, precision, and transparency

Fourth grade Expectation
Concepts and skills students know include:

2. Fluent use and explanation of efficient procedures to solve multi - digit whole number
mu ltiplication and division problems

Evidence Outcomes 21 *' Century Skills and Readiness Competencies

Students can: Inquiry:

a. Read and write numbers from 1 to ¢ When is an estimate better than a n exact answer?

100,000 and explain place value for e How close is close enough'in an estimate?
five -digit numbers.Use flexible and ¢ How canthe knowledge of place value help with multiplication and division of large
efficient methods of computing numbers?

incl uding student -generated strategies
and standard algorithms to solve three

or four digit by one  -digit mult iplication
or division problems

b. Estimate using strategies such as front Applying  Mathematics in Society and Using Technology:
end or rounding to justify the e Estimate answers  before performing computations
reasonableness of solutions to ¢ Relate multi plication arrays to area models
problems e Explain-how and why multiplicati on and division operations work
c. Demonst rate fluency with ¢ ._Recognize in which real life situations estimates are appropriate (ex: estimate the
multiplication facts and their related amount of cloth for a project, expect exact change after a purch  ase) (PFL)
division facts 0 to 12
d. Explain why multi  -digit multiplication
and division procedures work based
on place value properties  and use Nature of ~ Mathematics
them to solve problems e Mathematics involves algorithms Mathematicians create and use algorithms to solve
classes of problems. Algebraic thinking involves the capacity t o think beyond the

numbers used
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Content Area: Mathematics
Standa rd: Number Sense, Properties, and Operations
Prepared Graduate Competencies:

i Understand quantity through estimation, precision, order of magnitude, comparison. The reasonableness of answers
relies on the ability to judge appropriateness, compare, estima te, and analyze error

Fourth grade Expectation

Concepts and skills students know include:
3. Representation, comparison, and order of common fractions and decimals (for example,
1/2, 1/3, 1/4, 3/4, 0.5, .25) through the use of models and drawings

Evidence Outcomes 21 *' Century Skills and Readiness Competencies
Students can: Inquiry:
a. Solve problems using models ¢ How can different fractions represent the same quantity?
offractions with denominators through ¢ What are the ways to model fractions?
10, includi ng like and unlike e How can | fildl ifwhol esdo with unli ke pieces?
denominators denomi nators)

b. Estimate and justify the
reasonab leness of solutions to
problems

c. Demo nstrate equivalent fractions and
decimals using drawings and models Applying  Mathematics  in Society and Using Technology:

e Use knowledge of fract ions to complete a quilt design

¢ Use fractions to model fair appo rtioning of classroom resources

¢ Use fraction modelsto  create symmetrical art projects

Nature of Mat hematics
e Mathematicians understand equivalence as a f oundational idea of mathematics
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Content Area: Mathematics
Standard: Number Sense, Properties, and Operations

Prepared Graduate Competencies:
U Understand the structure and properties of our number system. At their most basic level numbers are abstract symbols
that represent real world quantities

Third Grade  Expectation

Concepts and skills students know include:

1. Extension of understanding of base -ten number system to whole numbers to 10,000
Evidence Outcomes 21 *' Century Skills and Readiness Competencies
Students can: Inquiry:
a. Read and write numbers from 1 to ¢ How do patterns in our place value system help us compare whole numbers?
10,000 and explain pla  ce value for ¢ How does the position of a.digit in a number affect its value?
four -digit numbers e What happens when we decompose a number in to its place value parts?

b. Generalize the change represented
when moving from one pla  ceto
another place inanumb  er

c. Compose and decompose multi  -digit
numbers based on place value

Applying  Mathematics in Society and Using Technology:
e Use techno logy to demonstrate place value
e Use real worl d contexts to model place value
e Build and take apart (compose and d ecompose) numbers using models

Nature of ~ Math ematics

e Mathematics involves making and testing conjectures Mathematicians create
plausible conjectures based on evidence, experiments, and expe rience, seeking
generalizations

s Mathematicians show flexibility in their ability to manipulate digits in dif ferent
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Content Area: Mathematics
Standard: Number Sense, Properties, and Operations
Prepared Graduate Competencies:
i Understand quantity through estimation, precision, order of magnitude, comparison. The reasonableness of answers
relies on the abili ty to judge appropriateness, compare, estimate, and analyze error

Third Grade  Expectation
Concepts and skills students know include:
2. Representation, comparison, and order of whole numbers and common fractions

Evidence Outcomes 21 °' Century Skills and Readiness Competencies
Students can: Inquiry:
a. Use drawings, models, and numerals ¢ How can a whole number be represented in different, equivalent forms?
to represent fractions (halves, thirds, ¢ How can a fraction be represented in different, equivale nt forms?
fourths, sixths, eighths) based on a e How do we show part of something?

whole shape, set, or number line

b. Use number sense to estimate and
justify the reasonableness of solut ions
to problems involving fractions

c. Recognize that equivalent fractions
are two ways of describing the same Applying  Mathematics in Society and Using Technology:
quantity e Use different contexts such as equal share of food to model fractions as part of
wh ole shapes or groups

¢ Communicate understandin g of fractional parts of shapes

Nature of  Mathematics
e Math ematics involves visualization Mathematicians create visual representations of
problems and ideas thatr  eveal relationships and meaning They visualize data,
relationships, proc esses, change, and calculations
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Con tent Area: Mathematics

Standard: Number Sense, Properties, and Operations
Prepared Graduate Competencies:

Are fluent with basic numerical and symbolic facts and algorithms, are able to select and use appropriate (mental math,
ology) methods based on an understanding of their efficiency, precision, and transparency

i
paper and pencil and techn

Third Grade  Expectation

Concepts and skills students know include:

3. Development, discussion, and use of efficient, accurate, and generalizable methods to add
and subtract multi  -digit whole numbers

Evidence Outcomes 21 *' Century Skills and Readiness Competencies

Students can: Inquiry:
a. Use number sense to estimate and ¢ What makes a computational‘method efficient?
justify the reasonableness 0 f solutions ¢ What makes a good estimate?
to problems ¢ How do you know when a computational method work s?
b. Use flexible methods of computing, o

How many ways can | earn money this week and what will my balance be?
including studen t-generated str ategies

and standard algorithms
c. Estimate using strategies such as front
end estimation or landmark numbers

Applying  Mathematics in Society and Using Technology:
o Develop a persona . | financial plan to meet a goal
¢ Determine whether an estimate or an actu al answer is needed in context

e Generate and participate in a simple money -making venture that includes a goal and
record -keeping (PFL)

Nature of Mathematics

¢ Mathematics involves algorithms. Mathematicians create and use algorithms to

solve classes of problems. Algebraic thinking inv olves the capacityt o think beyond
the numbers used

¢ Mathematicians understand when estimates and actual answers are necess
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Content Area: Mathematics

Standard: Number Sense, Properties, and Operations

Prepared Graduate Competencies:
u Are fluentwi th basic numerical and symbolic facts and algorithms, are able to select and use appropriate (mental math,
paper and pencil and technology) methods based on an understanding of their efficiency, precision, and transparency

Third Grade  Expectation
Conce pts and skills students know include:
4. Demonstration of conceptual understanding of multiplication and division with single digit

factors
Evidence Outcomes 21 *' Century Skills and Readiness Competencies
Students can: Inquiry:
a. Demonstrate fluency with ¢ How are multiplication and division related ?
multipli cation and division  facts with e How can you use a multiplication or division fact to find a related fact?
single digit factors ¢ How canmultiplication and division be modeled?

b. Recognize rela tionships between
related facts

c. Explain the relationship between
multiplication and division.

d. Represent multiplication and division

problems with drawings, models, Applying  Mathematics in Society and Using Technology:

number sentences, and sto  ries. o Develop a personal financial plan to meet a goal, idenfying sources of inc ome
e. Model strategies to achieve a personal includ ing gifts, allowance, and loans (PFL)

financial goal usi ng arithmetic o Write realistic stories to illustrate multi plication and division problems

operations  (PFL) e . _Utilize the relationship between multiplication and division to more efficiently solve
f.  Calculate the time to fulfill a personal problems

financial goal in a plan based on a
constant rate of income (PFL)

Nature of Mathematics
e Mathemat icians are thinkers They take ideas apart and put them back together
sometimes in different ways that lead to new insights
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Content Area: Mathematics
Standard: Number Sense, Properties, and Operations

Prepared Graduate Competencies:
i Understand the s tructure and properties of our number system At their most basic level numbers are abstract symbols

that represent real world quantities

Second Grade  Expectation
Concepts and skills students know include:
1. Demonstration of place -value conceptsto 1,000 through their relationships to counting,

ordering, and grouping

Evidence Outcomes 21 *' Century Skills and Readiness Competencies
Students can: Inquiry:
a. Read and write numbers to 1,000 and e What do | know about this quantity? How is it related to ones, tens and hundreds?
identify plac e value for three -digit ¢ How do patterns in our place value syst em help us compare whole numbers?
numbers e How does the position of a digit in.a number affect its value?

b. Describe relationshipsb etween ones,
tens, and hundreds

c. Explain the value of  a digitin athree -
digit number

d. Order a collection of whole numbers

Applying  Mathematics in Society and Using Technology:
e Compare quanti " ties in a real world situations
e Read nu mbers from real life situations

Nature of Mathematics
e Mathematics involves order and is based on relationships
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Content Area: Mathematics

Standard: Number Sense, Properties, and Operations
Prepared Graduate Competencies:
U Are fluent with basic numerical and symbolic facts and algorithms, are able to select and use appropriate (mental math,
paper and pencil and technology) methods based on an understanding of their efficiency, precision, and transparency

Second Grade  Expectation
Concepts and skills students know include:

2. Develop, disc uss, and use accurate methods to add and subtract two -digit whole numbers
Evidence Outcomes 21 *' Century Skills and Readiness Competencies
Students can: Inquiry:
a. Demonstrate fluency with basic ¢ What are the various ways numbers can be broken apart and put back together?
addition and subt raction facts to sums ¢ What strategies do you use when you want to estimate your answer?
of twenty e What strategies do use when you add or subtract numbers?
b. Find value of a colle ction of coins and ¢ What are effic ient strategies for adding or subtracting two given numbers?

choose coinsto have ag iven value
(PFL)

c. Create stories and models, including
linear, to illu strate addition and

subtraction Applying  Mathematics in Society and Using Technology:
d. Select and use appropriate methods to e Use real world contexts, including money, to model conce pts of addition and
estimate sums and differences or subtraction  (PFL)
calculate them mentally depending on e Describe how to allocate funds among spend ing, saving, and donating (PFL)
the context and numbers involved e Use estimation in understanding everyday life such as having enough money to
make a purchase ~ (PFL)
¢ Judge whether results obtained on a calculator are reasonable

Nature of ~Mathematics
e The nature of mathematics involves curiosity, integrity, diligence, a nd fairness
¢ Mathematicians argue their poi nt of view using solid evidence
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Mathematics
Number Sense, Properties, and Operations

Content Area:
Standard:

Prepared Graduate Competencies:
U Understand the structure a  nd properties of our number system. At their most basic level numbers are abstract symbols

that represent real world quantities

Second Grade  Expectation

Concepts and skills students know include:
3. Demonstration of the understanding of commonly

-used fraction concepts

Evidence Outcomes

21 *' Century Skills and Readiness Competencies

Students can: Inquiry:
a. Partition basic shapes, using common e How dowe represent whole numbers and fractions?
fract ions such as 1/2, 1/3, and 1/4 e What is the meaning of the numerator and denominator in a fraction
b. Partition sets using common fractions ¢ Why are there fractions?

such as 1/2, 1/3, 1/4

Applying  Mathematics

cookies, candy ba

in Society and Using Technology:

e Use fractions to determine fairness when dividing a set into equal parts (food
rs, marbles, etc)

e Use fractions to understand

e Represent musicaltimi ng and counting using fractions

the language of time and money (PFL)

Nature of ~ Mathematics

e The nature of mathematics involves curiosity , integrity, di
e The nature of mathematics involves the appreci

ligence, and fairness
ation and openness to new ideas
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Content Area: Mathematics
Standard: Number Sense, Properties, and Operations

Prepared Graduate Competencies:
U Understand the structure and properti
that represent real world quantities

es of our number system. At their most basic level numbers are abstract symbols

First Grade Expectation

Concepts and skills students know include:

1. Demonstration of place -value concepts to 100 through their rel ationships to counting,

ordering, and grouping

Evidence Outcomes

21 *' Century Skills and Readiness Competencies

Students can:

a. Count and read numbers to 100

b. Estimate quantities less than 100

c. Organiz e quantities using place value

d. Locate number supto1000 na
number display

e. Compare two sets of objects, including
coins, up to at least 25 using language
such as "three more or three fewer"
(PFL)

Inquiry:
e What do | know about this quantity? How is it related to ten? To a multiple of ten?

e How can |l countthe se items in the most efficient and accurate way?

e Why did people come up with a place value system?

e How does a position of a digit affectits value?

e How can | tel]l i'f  16ve made a good guess (es
Applying  Mathematics in Society and Using Technolog y:

¢ Use numbers to identify position in line, a game, relative prices, or in scoring (PFL)

¢ Read numbers and count in everyday situations such as locating a page number or
determining the size of a group

e . _Use estimation to consider of the value or worth of things (PFL)

¢ Explain how estimating helps us know how much mone y is needed to make a
purchase (PFL)

Nature of Mathematics
e Mathematics involves visualizat ion and representation of ideas
e Mathematicsis b ased on relationships and order
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Content Are a: Mathematics
Standard: Number Sense, Properties, and Operations
Prepared Graduate Competencies:
i Understand quantity through estimation, precision, order of magnitude, comparison. The reasonableness of answers
relies on the ability to judge appropria teness, compare, estimate, and analyze error

First Grade Expectation
Concepts and skills students know include:
2. Demonstration of the meaning of addition and subtraction, and their relationships

Evidence Outcomes 21 ' Century Skills and Readiness Competencies
Students can: Inquiry:
a. What is addition and what is it used ¢ What is addition and what is it used for?
for?Use addition when putting sets e What is subtraction and what is it used for?
together and subtraction for breaking ¢ What happens to quantities when groups are added together or taken apart?
sets apart or describ  ing the difference e How do | know | have foundall the combinations to make this number?
between sets ¢ How are addition.. and subtraction related?
b. Use number relationships such as
doubles, one more or one less, a nd
the relationship between addition and
subtraction to solve ad  dition and Applying  Mathematics in Society and Using Technology:
subtraction problems e Use real world contexts, including money, to model conce pts of addition and
c. ldentify coins and find the val ue of a subtraction  (PFL)
collection of two coins (PFL) ¢ Identify whether to use addition or subtraction in daily situations such as t 0 save or
d. Demonstrate fluency with basic to make a purchase, estimate days until a special day, or an amount needed to earn
addition and related subtr  action facts areward (PFL)
through sums to 10 e \Write realistic stories to illu strate addition and subtraction

Nature of ~Mathematics
e Mathematicians take ideas ap  art and put them back togeth er
e The nature of mathematics involve s consideration of alternatives

Colorado Department of Education Draft Date: 07/29/09 Page 56 of 142



Content Area: Mathematics
Standard: Number Sense, Properties, and Operations

Prepared Graduate Competencies:
i Understand the structure and properties of our number system At their most basic level numbers are abstract symbols

that represent real world quantities

First Grade Expectation
Concepts and skills students know include:
3. Recognition of part/whole relationship with common fractions

Evidence Outcomes 21 *' Century Ski lIs and Readiness Competencies
Students can: Inquiry:
a. ldentify unit fractions 1/2, 1/3, and ¢ How can | use manipulatives, drawings, or numerals/symbols to show parts and
1/4 as par ts of wholes or parts of wholes?
groups e How are the parts and wholes related?
b. Understand fra ctions as equal shares e What do fractions tell us?
or parts e How can the fractional parts of a set be modeled?

Applying  Mathematics in Society and Using Technology:
e Explain how fractions help us learn about fairness for example dividing a setinto
equal parts (food coo kies, candy bars, marbles, etc)
e Use fractions to u  nderstand the language of time
o Explain how fractions help us to comprehe nd notational elements in music

Nature of  Mathematics
e Mathematicians create visual representati ons of problems and ideas that reveal
relationship and meaning
e The nature of mathematics involves curiosity , integrity, diligence, and fairness
e The nature of mathematics involves the app reci ation and openness to new ideas
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Content Area: Mathematics

Standard: Number Sense, Properties, and Operations
Prepared Graduate Competencies:
G Understand the structure and properties of our number system. At their most basic level numbers are abstract symbols
that represent real world quantities

Kindergarten Expectation
Concepts and skills students know include:
1. Representation, comparison, and order of whole numbers less than 20

Evidence Outcomes 21 *' Century Skills and Readiness Competencies
Students can: Inquiry:
a. Count objects by ones to 20 and e Whatis cou nting?

represent the quantities e How can | make sure my counting is accurate?
b. Identify, read,a nd write e How can | compare and order two numbers?
corresponding numerals ¢ What are some ways to find'a number that is more than another? Less than a

c. Compare sets up to 10 objects and number?
use language to describe more, less,
or same
d. Identify small groups of objects fewer
than 5 without counting , including Applying  Mathematics in Society and Using Technology:
zero as find objects e Use counting in ever yday experiences such as determining an amou nt of coins or
size of families * (PFL)
e Compare quantities in everyday situations such as prices , or number of siblings or
pets (PFL)

Nature of  Mathematics
s Mathematicians quantify things . They use num bers to make sense of the world
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Content Area: Mathematics
Standard: Number Sense, Properties, and Operations

Prepared Graduate Competencies:
i Understand the structure and properties of our number system. At their most basic level numbers are abstract sym bols

that represent real world quantities

Kindergarten Expectation
Concepts and skills students know include:
2. Composition and decomposition of whole numbers through 10; join and separate sets with

manipulatives or models, including coins

Evidence Outcomes 21 *' Century Skills and Readiness Competencies
Students can: Inquiry:
a. Use objects, including coins,and ¢ What questions can be answered using addition and/or subtraction?

How can | represent a quantity in a different way?
How many ways can | make a set to match a number?
What happens whe.. n two quantities are combined?
What happens when a quantity is separated?

drawings to model addition and
subtraction problems to 10 (PFL)

b. Identify numbers one more or one le Ss
than a given number up to 10

c. Determine if moret han orless thanis
needed to change one quantity to
another

Applying  Mathematics in Society and Using Technology:
e Use numbers to communicate guantity with peers and adults

¢ Combine quantities in everyday situations such as number of coins one child has
with the.number of coins a nother has to determine a total (PFL)
e . Partition quantities in everyday situations such as sh aring some cookies with friends

Nature of Mathematics

e Mathematicians create visual representations of problems and i deas thatr eveal
relationships and meaning
e The nature of mathematics involves the creative use of imagination
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Content Area: Mathematics
Standard: Number Sense, Properties, and Operations

Prepared Graduate Competencies:
i Understand quantity through estimation, precision, order of magnitude, comparison . The reasonableness of answers

relies on the ability to judge appropriateness, compare, estimate, and analyze error

Preschool Expectation
Concepts and skills students know include:
1. Counting a nd grouping objects and numbers

Evidence Outcomes 21 *' Century Skills and Readiness Competencies
Students can: Inquiry:
a. Match, sort, place in a series, and ¢ How can you tell how many?
group objects according to one ¢ What do numbers tell us?
characteristic e How can you tell things go together?

b. Use one -to-one correspondence in
counting objects and matchin g gro ups

of objects, including coins (PFL)
c. Associate a set of objects with a
number

Applying  Mathematics in Society and Using Technology:
e Sort every day objects into meaning  ful, self determined categories
¢ Count objects from everyday life

Nature of  Mathematics
e Mathematicians quantify things
e The nature of mathematics involves creativity, analysis, invention, and imaginat ion
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Content Area: Mathe matics
Standard: Number Sense, Properties, and Operations

Prepared Graduate Competencies:
U Understand quantity through estimation, precision, order of magnitude, comparison . The reasonableness of answers
relies on the ability to judge appropriateness, ¢ ompare, estimate, and analyze error

Preschool Expectation

Concepts and skills students know include:

2. Use of numbers and counting as a means for solving problems

Evidence Outcomes

21 *' Century Skills and Readiness Competencies

Students can:
a. Predict and measure quantity
b. Use vocabulary of same, different
more, and less to express number
concept

Inquiry:
e How are these groups different?
How can quantities be described?
How many do you think are here?
How do you know how many?
How can you tellsome thing has more or has less?

Applying  Mathematics in Society and Using Technology:
e Show that numbers represent a quantity, regardless of order or physical
arr angement of the objects counted
e Compare o0neods objectswith anotheo f

Nature of  Mathematics
s Mathematicians play with numbers
e Mathematicians use a common language to communicate
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Patterns, Functions, and Algebraic Structures

Pattern sense gives students a lens with which to understand trends and commonalities. Being a
student of mat hematics involves recognizing and representing mathematical relationships and
analyzing change. Students learn that the structures of algebra allow complex ideas to be
expressed succinctly.

Prepared Graduate Competencies

The Prepared Graduate Competencie s are the Preschool through'Grade 12 concepts and skills that
all students leaving the Colorado education system must have to ensure success in a
postsecondary and workforce setting.

are :

0 Are fluent with basic numerical and symbolic facts and algorithms, are able to select and use appropriate (mental
math, paper and pencil and technology) methods based on.an understanding of their efficiency, precision, and
transparen cy

U0 Understand that equivalence is a foundation of mathematics represented in numbers, shapes, measures, expressions,
and equations

0 Make sound predictions and generalizations based on patterns and relationships that arise from numbers, shapes,
symbols, a nd data

U  Apply transformation to numbers, shapes, functional representations, and data

0 Make claims about relationships among numbers, shapes, symbols, and data and defend those claims by relying on
the properties that are the structure of mathematics

0 Commun icate effective logical arguments, using mathematical justification and proof. Mathematical argumentation
involves making and testing conjectures, drawing valid conclusions, and justifying thinking

U Use critical thinking to'recognize problematic aspects o f situations, create mathematical models, and present and
defend solutions

Prepared Graduate Competencies in Patterns, Functions, and Algebraic Stru ctures standards

Colorado Department of Education Draft Date: 07/29/09

Page 62 of 142



Content Area: Mathematics
Standard: Patterns, Functions, and Algebraic Structures

Prepared Graduate Competencies:
i Make sound predictions and generalizations based on pattern s and relationships that arise from numbers, shapes,
symbols, and data

High School  Expectation
Concepts and skills students know include:
1. Representation of continuous relations and elementary functions (linear, quadratic,

absolute value, power, an  d exponential functions and their inverses) and of discrete relations
and elementary functions (arithmetic and geometric sequences) using tables

Evidence Outcomes 21 *' Century Skills and Readiness Competencies
Students can: Inquiry:
a. Represent linear, quadratic, a bsolute e How can you use a table, graph, and function notation to explain how an
value, power, and exponential exponential function is similar to and different from a linear function?
functions and their inverses in a table, e How do you represent the inverse of a function represented in table and graph
graph, equation, text, and geometric form?
model and convertfro m one ¢ Why are relations andfunctions represented in multiple ways?

representation to another

b. Demonstrate the relationship between
all representations of linear functions
using poin t-slope, slope -interce pt, and.< | Apply ing ‘Mathematics in Society and Using Technology:

standard form of a line e Use exponential funct ions to model compound interest (PFL)

c. Categorize sequences as arithmetic, e Use exponential-functions to mo del population growth and decay
geometric, or neither and develop e Use quadratic funct ions to model projectile motion
formulas for the general terms related ¢  Given a linear situation, explain the mea ning of the slope and intercept

to ari thmetic and geometric sequences

Nature of Mathematics
¢ Mathematics involves functions Mathematicians use functions to describe
algorithms, d ependencies, and correspondence
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Content Area: Mathematics
Standard: Patterns, Functions, and Al gebraic Structures

Prepared Graduate Competencies:
i Make sound predictions and generalizations based on patterns and relationships that arise from numbers, shapes,
symbols, and data

High School  Expectation

Concepts and skills students know include:
2. Analysis of elementary functions and their inverses, by investigating rates of change,
intercepts, asymptotes, domain, range, and local and global behavior using all available tools,
including technology

Evidence Outcomes 21 *' Century Skills and Readine ss Competencies
Students can: Inquiry:
a. Given a function represented in e What are the key features of elementary functions and how can you find them in a
symbolic, numeric or graphic form, table, graph, and symbolic form?
evaluate a function  at a given pointin ¢ Why do we classify functions?
its domain

b. Given a function in symbolic, numeric
or graphic form , identify the domain

and range
c. lIdentify intercepts, z  eros (or roots),
maxima, minima, and intervals of Applying ' Mathematics in Society and Using Technology:
increase and decrease, and e Describe rates of change such as speed with in atime -distance relationship
asymptotes in a table, graph, and e Use graphingtechnology to identify zeros, maximum and minimum values,
symbol ic representation of a function asymptotes, and'int  ervals of increase and decrease
d. Make qualitative statements about the ¢ Investigate rate of return and t ime on the value of investments (PFL)

rate of change of a function, based on
its graph or table or value < s

Nature of Mathematics
e Math ematicians represent concepts concretely and use multiple r epresentations to
gain insights
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Content Area: Mathematics

Standard: Patterns, Functions, and Algebraic Structures
Prepared Graduate Competencies:
i Apply transformation to numbers, shapes, fun ctional representations, and data

High School  Expectation

Concepts and skills students know include:
3. Application of transformations, including arithmetic combinations (addition, subtraction,

and multiplication), translations, and dilations to repr esentations of elementary functions using
tables, graphs, symbols, text, and geometric models, using all avai lable tools, including
technology
Evidence Outcomes 21 ' Century Skills and Readiness Competencies
Students can: Inquiry:
a. Sketch the graph of common ¢ What are the effects of performing operations on functions?
eleme ntary functions and trans lations ¢ Given two functions in graph form, how do you graph the product function?

of those functions

b. Given two functions represented in
symbolic, numeric or graphic form,
evaluate the sum and  difference of the
two functions

c. Given two linear or power functions in

any representation, evaluate t he Applying Mathematics in Society and U sing Technology:
product o fthe two functions e Use graphing technology to test conjectures a bout the effect of translations
d. Determine how translations affect the s Use translations of elementary fun ctions to model real -world data

symbolic and graphical forms of a
function. Know how to use graphing
tec hnology to examine translations
e. Perform arithmetic combinations on
elementary (linear, quadratic,
absolute value, power, and

exponential) functions, using all Nature of ~ Mathematics
avail able tools including technology e Mathematics involves experimentation and is central to doing mathema tics.

Experimenting involves making conjectures, gathering data, recording results, and

making multiple  tests. Mathematicians play with numbers, apply previously

successful strategies, a  pply previously successful strategies, adjust parameters, and
record results
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Content Area:
Standard:

Mathematics

Patterns, Functions, and Algebraic Structures

Prepared Graduate Competencies:
Understand that equivalence is a foundation of mathematics represented in numbers, shapes, measures, expressions,
and equations

i

High School

Expectation

Concepts and skills students know include:
4. Understand equivalent forms of expressions, equations, inequalities, and relations

Evidence Outcomes

21 *' Century Skills and Readiness Competencies

Students can:

a.

Perform and jus tify steps in
generating equivalent expressions
identifying properties used

Judge the meaning, utility, and
reasonableness of the results of
symbol manipulations, including tho
carried out using technology

Apply the properties of positive and
negativ e rational exponents to
generate equivalent algebraic
expressions including those involving
nth roots

Solve equations for one
terms of the others

variable in

by

se

Inquiry:
¢ How do symbolic transformations affect an equation, inequality or expression?
e How do yo u know that two algebraic expressions are equivalent?

Applying  Mathematics in Society and Using Technology:

e Use graphing technology to assess the reasonableness of results obta
symbolic manipulation

e Apply the properties of positive and negativ

applications in science and other areas using very lar

ined from

e rational exponents to work with
ge and very small numbers

Nature of  Mathematics

e Algebra involves abstraction. Mathematicians use abstraction
expressing ideas

e Algebraic thinking us

as a tool for

es re versibility (doing and undoing)
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Content Area:
Standard:

Mathematics

Patterns, Functions, and Algebraic Structures

i

High School

Prepared Graduate Competencies:
Are fluent with basic numerical and symbolic facts and algorithms, are able to select and use a

ppropriate (mental math,

paper and pencil and technology) methods based on an understanding of their efficiency, precision, and transparency

Expectation

Concepts and skills students know include:
5. Finding solutions to equations, inequal

tools, including technology

ities and systems of equations using all available

Evidence Outcomes

21 *' Century Skills and Readiness Competencies

Students can:
a.

Find real solutions to quadratic and
cubic equations and inequalities by
using appropriate algeb  raic methods
such as factoring, completing the
square, graphing or using the

guadratic formula and using
calculators, graphin g utilities or other
technology

Find real solutions to equations
involving power, exponential, rational
and radical functions; sol  ve these
equations graphically or numerically or
algebraically using graphing

techn ology

Solve systems of linear equations and
inequalities with two variables using
algebraic methods and graphing

Inquiry:
e What makes a solution strategy both efficient and effective?
¢ How do you determine if multiple solutions to an equation are valid?
o How does the context of the problem affect the reasonableness of a solution?
e Make and test conjectures about the relationships between the graph of a quadratic
and the num. ber and nature of its solutions
Applying  Mathematics in Society and Using Technology:
e Use linear programming to represent the constraints in a real -world situation,
identify a feasible region, and determi ne the maximum or minimum value
e Use graphing technol ogy to find solutions to eq uations or systems of equations
e . Use equations, inequalities and systems of equations to analyze cell phone plans,
credit card interest and payments, health insurance costs, and loans. (PFL)
Nature of Mathematics

Mat hematic s involves visualization
problems and ideas that

Mathematicians create visual representations of
reveal relationships in meaning
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Content Area: Mathematics

Standard: Patterns, Functions, and Algebraic Structures

Prepared Graduate Competencies:
i Use critical thinking to recognize problematic aspects of situations, create mathematical models, and present and defend
solutions

High School  Expectation

Concepts and skills students know include:
6. Use of elementary functions (linear, quadratic, absol

their inverses) and their transformations to identify essential quantitative relationships in a

ute value, power, and exponential and

situation and to model real -world situations, using all available to ols, including technology
Evidence Outcomes 21 *' Cent ury Skills and Readiness Competencies
Students can: Inquiry:
a. Represent and solve problems in ¢ What phenomena can be modeled w ith particular functions?
various contexts using linear and ¢ What simplifying. assumptions need to be made to develop a model?
guadratic functions ¢ How cana model and.its assumptions be revised in order to improve results?
b. Represent and solve problems in ¢ Which financial applications can be modeled with exponential functions? Linear
various contexts, including investment functions?
growth and depreciation, using power e How can patterns, relations, and functions be used as tools to describe and explain
and expo nential functions real - life situations?
c. Represent and solve problems ¢ What elementary function or functions best represent(s) a given scatter plot of two -
involving direct and inverse variations variable data?
and a combination  of direct and ¢ How much would todaydés puroPFR)se cost tomorr o
inverse variation o What is the difference between simple and compound interest and how do these
d. Analyze the reasonableness of a relate to linear and exponential growth? (PFL)
solution in its given context and Applying . Mathematics in Society and Using Technology:
compare the solution to appropriate e Use translations of elementary fun ctions to model real -world data
graphical and nu merical estimates e Use functions to represent population growth
e. Analyze the impact of interest rat eson e Use spreadsheets to calculate loan amortization and make predictions about a
a personal financial plan (PFL) personal financial plan (PFL)
f. Evaluate t he costs and benefits of ¢ Investigate the implications of inflation on income, budgets, savings and spending.
credit (PFL) e Applyinterest formu las to explore the effect of compound inte rest on an investment
g. Analyze various lending sources, overtime (PFL)
serv ices and financial institutions e Compare the costs of dif  ferent ways of obtaining credit (PFL)
(PFL) o Analyze the most cost  -effect ive option for a large purchase (PFL)
Nature of Mathematics
e Mathematicians repr esent concepts concretely and use multiple representations
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Content Area: Mathematics

Standard: Patterns, Functions, and Algebraic Structures
Prepared Graduate Competencies:
i Make claims about relationships among numbers, shapes, symbols, and data and defend those claims by relying on the
properties that are the structure of mathematics

Eighth Grade Expectation

Concepts and skills students know include:
1. Descriptions of linear pattern, relation, and function relationships using equations, tables ;
and graphs in problem solving situations, and conversions among these representations

Evidence Outcomes 21 *' Century Skills and Readiness Competencies
Students can: Inquiry:
a. Convert from one representation of a ¢ How can different representations of linear patterns present different perspectives of
linear function to another, including situations?
situations, tables, equations (s|l ope- ¢ How cana re. lationship be analyzed with tables, graphs and equations?
intercept form), and graphs e Why are functions represented in multiple ways?

b. Use representations of linear functions
to analyz e situations and solve
problems

Applying  Mathematics in Society and Using Technology:
o Use different representations to compare and contrast linear situations, such as
service bil lin g rates for competing companies (PFL)
o Efficiently. make predictions or find unknown values, such as determining how many
hours of labor were performed given the total bill or determining the cost of a
monthly p hone plan based on minutes used (PFL)

Nature of Mathematics

e Algebrainvolves extension . Algebraic thinking involves buildi ng rules to represent
functions
e Mathema ticians represent relationships . They represent concepts concretely and

use multiple r epresentations to gain insights

Colorado Department of Education Draft Date: 07/29/09 Page 69 of 142



Conte nt Area:
Standard:

Mathematics

Patterns, Functions, and Algebraic Structures

i

Eighth Grade

Prepared Graduate Competencies:
Understand that equivalence is a foundation of mathematics represented in numbers, shapes, measures, expressions,
and equations

Expectation

Concepts and skills students know include:

2. Use of the properties of algebra, equality, and inequality to create equivalent algebraic
expressions and solve linear equations and inequalities using a variety of methods, including

technology

Evidence Outcomes

21 *' Century Skills and Readiness Competencies

Students can:
a. Use the distributive, associative, and

commutative properties to
algebraic expressions

Solve one variable equations,
including those involving multiple
steps, ratio nal numbers, variables on
both sides , and the distributive
property

Solve inequalities in one variable
(including negative coefficients) and
grap h the solution on a number line
Represent the distributive property in
a variety of ways including

numerically , g eometrically, and
algebraically

simplify

Inquiry:
¢ How can equivalence exist with-algebraic expressions?
e How doyou know if an algebraic algorithm is sensible?

e How canwe changean algebraic equation or expression without changing the value?

Applying Mathe matics in Society and Using Technology:
e Connect the distributive property with variables to numeric mu
and methods
e Use algebraic methods, spreadsheets, and graphing calculators to solve linear
equ ations with real -world contexts

Itiplication models

(d oing and undoing)

o Interpret and find solutions for fiat | eastodo and A
savings or possible purchas  es with a maximum dollar amount (PFL)
Nature of Mathematics
e Algebrainvo Ives breaking things into parts . Algebraic thinking uses re  versibility
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Content Area: Mathematics
Standard: Patterns, Functions, and Algebraic Structures
Prepared Graduate Competencies:

i Use critical thinking to recognize problematic aspects of situations, create mathematical models, and present and def end
solutions

Eighth Grade Expectation

Concepts and skills students know include:
3. Application of properties of linear relations and functions to interpret linear situations using
algebraic methods, graphs, and technology

Evidence Outcomes 21 ' Century Skills and Readiness Competencies
Students can: Inquiry:
a. lIdentify and interpret the slope and ¢ How can we use mathematics to describe change?
y-intercept in graphs, in tables, and e How can change best be represen ted mathematically?
from eq uations in slope -intercept form e Why are patterns and relationships represented in multiple ways?
b. Calculate the slope between two ¢ Why would we want to set two equations equal to each other?

points on the coordinate plane or the
rate of change b etwee n two sets of
values in a table

c. Model and graph two linear equations
in slope -intercept form on the same
coordinate plane and inte  rpret the
point of intersection

Applying  Mathematics in Society and Using Technology:

e Use the rate of change and starting value to make sen se of linear situations in table,
equation, or graph form

e Calculate the rate of change in a variety of contexts, including population growth,
billing rates, pay rates, and other rates involving time

o Recognize that the point of intersection for two linear e guations is where both
equations have the same x and y coordinates

¢ Inter pret slope represents unit rate

e Esti mate a companyds growth rate

Nature of Mathematics
e Mathematicsi nvolves multiple points of view Mathematicians look at mathematical
ideas ari thmetically, geometrically, analytically, or combinations of these approaches
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Content Area: Mathematics

Standard: Patterns, Functions, and Algebraic Structures

Prepared Graduate Competencies:
G Use critical thinking to recognize problematic aspects of situations, create mathematical models, and present and defend
solutions

Seventh Grade Expectation
Concepts and skills students know include:
1. Description of linear patterns, relations and functional relationships using equations, tables,

and graph s in problem solving situations

Evidence Outcomes 21 *' Century Skills and Readiness Competencies
Students can: Inquiry:
a. Given a linear situation (including, ¢ What makes a pattern linear?  How can you identify linear relationships from
direct variation), identify variables and different representations?
write an equation e Why are linear patterns important.to reco gnize?

b. Given alinear equation (including
direct vari ation), substitute input
values to create a table and graph

coordina te points in all four quadrants Applying  Mathematics in Society and Using Technology:
e Use mathematical language to describe real -world situations in order to generaliz e
patterns and make predictions
¢ Use mental math and technology to efficiently generate a table of values for a given
equation

¢ Connect-how.tables and graphs are related to each other, providing new insights for
describing and extending patterns

¢ Given a constant rate of speed or distance or t ime, determine time or distance

¢ Given the unit rate of an item, find of co st for different amounts of items (PFL)

Nature of  Mathematics
e Mathema ticians represent relationships They represent concepts concretely and use
multiple r epresentations to gain insights
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Content Area: Mathematics
Standard: Patterns, Functions, and Algebraic Structures

Prepared Graduate Competencies:
i Make claims about relationships among numbers, shapes, symbols, and data and defend those claims by relying on the

properties that are the structure of mathematics

Sixth Grade  Expectation

Concep ts and skills students know include:

1. Use of a variable as a representation for unknown quantities

Evidence Outcomes

21 *' Century Skills and Readiness Competencies

Students can:
a. Describe patterns by using words and
by using vari ables with mathematica |
symbols
b. Evaluate expressions by substituting
wh ole number values for variables

Inquiry:
e How can variables represent different numeric values?
¢ What purposes do variable expressions serve?
¢ How can patterns be represented verbally and by variable expressi ons?

Applying  Mathematics in Society and Using Technology:

e Use mathematical language to describe real -world situations in order to generaliz e
patterns and make predictions

¢ Use mental math and technology to efficiently generate and interpret a table of
values for a given equation

¢ Check solutions using substitution to determine accuracy after solving a pro blem

¢ Investigate how to use patterns when laying tile

Nature of ~Mathematics
s Mathematics involves the use of elegant, simple language to express ¢ omplex,
abstract ideas
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Content Area: Mathematics
Standard: Patterns, Functions, and Algebraic Structures

Prepared Graduate Competencies:
i Make claims about relationships among numbers, shapes, symbols, and data and defend those claims by relying on t he

properties that are the structure of mathematics

Sixth Grade  Expectation
Concepts and skills students know include:
2. Analysis and description of patterns, with and without variables, using words, tables, and

graphs
Evidence Outcomes 21 %' Centur y Skills and Readiness Competencies
Students can: Inquiry:
a. Extend the pattern and describe the e How are tables and graphs of similar data related?
rule for ari thmetic and geometric e How are patterns extended? What is a mathematical rule? How does a rule help?
sequences e How do my care er interests affect my potential lifetime income? (PFL)
b. Model linear situations using tables ¢ What are my career interest and educational plans related? (PFL)

and graphs, and convert be  tween
these two representations

c. Given a linear equation, subst itute
non - negative input values to create a

table and graph coordina  te points in Applying  Mathematics in Society and Using Technology:
the first quadrant ¢ Recognize numeric patterns that have a common difference and constant multi plier
¢ Use mental math and technology to efficiently generate a table of values for a given
equation

s _Connect how tables and graphs are related to each other, providing new insights for
describing and extending patterns

Nature of  Mathematics
e Mathe matic s involves pattern seeking . Mathematicians look f  or patterns and
regularity . The search for patterns can produce rewarding shor tcuts and
mathematical insights
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Content Area: Mathematics

Standard: Patterns, Functions, and Algebraic Structures
Prepar ed Graduate Competencies:
i Make sound predictions and generalizations based on patterns and relationships that arise from numbers, shapes,
symbols, and data

Fifth Grade  Expectation
Concepts and skills students know include:
1. Description, display, an  d analysis of patterns and relationships using a variety of tools

including words, tables, graphs and technology

Evidence Outcomes 21 *' Century Skills and Readiness Competencies
Students can: Inquiry:
a. Analyze and describe patterns and ¢ How can a relationship be described or represented?
relationships using words, tables, ¢ How do you use the relationship (rule) to find missing elements?
graphs, and technology e How canatterns and relationships be used as tools to describe and explain real -life
b. Recognize, explain, and extend linear situations? Whichiis best?

and non -linear patterns and
relationships in solving problems

including saving and investing (PFL)

c. Represent, describe, and explain
patterns and relationships includ ing Applying  Mathematics in Society and Using Technology:
completing missin g elements e Analyze savingsand investment tools and practices

e Describe how complex relationships, such as laws of physics and statistical results,
can we expressed succ inctly and analyzed efficiently
e . Patterns ¢ an be described using algebraic notation, al lowing for clear communication

Nature of Mathematics
e Mathematicians see how the methods and ideas of algebra support mathematical
wor k in other areas of mathematics
e Algebra unifi es many concepts in mathemat ics
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Content Area: Mathematics
Standard: Patterns, Functions, and Algebraic Structures

Prepared Graduate Competencies:
U Apply transformation to numbers, shapes, functional representations, and data

Fifth Grade  Expectation
Concepts and skills stud ents know include:
2. Analysis of relationships to identify how a change in one number results in a change in

another number using all four operations

Evidence Outcomes 21 *' Century Skills and Readiness Competencies
Students can: Inquiry:
a. Express change relatio nships with ¢ How does changing onenu  mberin a relationship result in changing another
if/then statements, input/output number?
boxes, funct ion tables, and rule ¢ What happens to my spending capability when | increase my saving?
statements ¢ How do.you know when youdve found the rule f
b. Select, describe and use symbol sto ¢ How does knowing.a rule for a pattern help you solve problems?

express unknown quantities
c. Use patterns to solve problems
including saving and investing (PFL)

Apply-ing Mathematics in Society and Using Technology:
e Analyze savings and investment tools and practices (PFL)
o Display and analyze r  esults from science experiments

Nature of Mathematics
¢ Mathematicians understand that patte rns are natural and interesting . Patterns help
us make sense of ou r world
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Content Area: Mathematics

Standard: Patterns, Functions, and Algebraic Structures
Prepared Graduate Competencies:
i Make sound predictions and generalizations based on patterns and relationships that arise fr om numbers, shapes,
symbols, and data

Fourth grade Expectation
Concepts and skills students know include:
1. Recognition, reproduction, extension, creation, or description of patterns and sequences

that are formed using a variety of materials includi ng manipulatives and numbers
Evidence Outcomes 21 *' Century Skills and Readiness Competencies
Students can: Inquiry:
a. Skip count using numbers 2, 3, 4, 5, e What patterns do you notice when you skip count?
6,7,8,9,10, 11, and 12 from zero ¢ How do patterns help you skip count from randomly selected places?
and from ra ndomly selected starting e How do patterns help you make predictions?
places e How do we show patt erns?

b. Reproduce, extend, create, an d
describe patterns using pictures ,
geometric shapes, and numbers

Applying  Mathematics in Society and Using Technology:
¢ Find patterns in the everyday world in orde r to find solutions to problems For
instance, noticing that trash collection has decreased after beginning a re cycling
program:in.their school

Nature of Mathematics
e Mathematics can be used to show that things that seem complex are actually just
intricate and can be broken into si mple patterns and relationships
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Content Area: Mathematics
Standard: Patterns, Functions, and Algebraic Structures

Prepared Graduate Competencies:
i Make sound predictions and generalizations based on patterns and relationships that arise from numbers, shapes,

symbols, and data

Fourth grade Expectation
Concepts and skills students know include:
2. Demonstration o f understanding of patterns and relationships by solving for missing

elements or unknown quantities in problems and simple equations

Evidence Outcomes 21 *' Century Skills and Readiness Competencies
Students can: Inquiry:
a. Use number relationships to f ind the ¢ How do you know the next element in a pattern?
missi ng number in a set e Why do we use symbols to represent missing numbers in a pattern?

b. Use a symbol to represent and find an
unknown quantity in a problem
situation

Applying  Mathematics in Societ y and Using Technology:
e Extend a pattern to make predictions in everyday contexts such as the number of
beads needed to make multiple bracelets or numb er of inches of expected growth
* Represent situations from everyday life with simple equations using a var iable to
represent an unknown quantity such as number of months needed to save enough
money to make a purchase or number of p layers missing from soccer team

Nature of  Mathematics
¢ Mathe matics involves pattern seeking
e Mathematicians make and test conje ctures, based on evide nce, experience and

experiments
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Content Area: Mathematics
Standard: Patterns, Functions, and Algebraic Structures

Prepared Graduate Competencies:
i Communicate effective logical arguments, using mathematical justification and pr oof. Mathematical argumentation
involves making and testing conjectures, drawing valid conclusions, and justifying thinking

Fourth grade Expectation
Concepts and skills students know include:

3. Observation and explanation about how a change in one q uantity can produce a change in
another, given a relationship between two quantities
Evidence Outcomes 21 *' Century Skills and Readiness Competencies
Students can: Inquiry:
a. Write the rule for a scenario t hat is ¢ How can a change in one number result in the change of another?
increasing or decreasing ¢ How can knowing a rule help you solve pattern problems?
b. Applyagivenr uletofill in missing ¢ How do you know when you are applying the correct rule to a pattern?
elements

Applying  Mathematics in Societ y and Using Technology:

e Describe how the change in risk factors cha nges the outcome of a situation

¢ Create and apply a rule for a real life situation (ex: how much food to feed depends
on‘thernumber of fish'in the ta nk) where one value is changing

e . Within'a personal financial plan to reach a goal (i.e. saving for a bike), use different
representations to model how changes (increase or decrease in allowance fo r
example) change their results (PFL)

Nature of Mathematics
e Mathematics is orderly and can be d escribed in words, pictures and symbols
e Rulesin algebra help us gain i nsight into how the world works
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Content Area: Mathematics
Standard: Patterns, Functions, and Algebraic Structures
Prepared Graduate Competencies:

i Make sound predictions and gene ralizations based on patterns and relationships that arise from numbers, shapes,
symbols, and data

Third Grade  Expectation

Concepts and skills students know include:

1. Identification, description, and extension of patterns formed using a variety of materials
and manipulatives
Evidence Outcomes 21 *' Century Skills and Readiness Competencies
Students can: Inquiry:
a. Analyze patterns in multiples e How do you know when there'is a pattern?
b. Skip count by 25, 50, and 100 e What patterns do you notice when you count by 25, 50, and 100?
c. Use known multiplication facts to solve e How does knowing a multiplication fact help you find answers to other problems?

unknown multiplication problems
d. Extend pattern sets with pictu res,
charts, and open sentences

Applying  Mathematics in Society and Using Technology:
e Use skip counting (count bys) of coins to efficiently determin e value
e Create fair groups based on multiple s such as items in a party bag

Nature of  Mathematics
¢ Mathe matics involves pattern seeking
e Mathemati cians make and test conjectures, based on evide nce, experience and
experiments
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Content Area: Mathematics
Standard: Patterns, Functions, and Algebraic Structures

Prepared Graduate Competencies:
i Make sound predictions and generalizations based on pat terns and relationships that arise from numbers, shapes,
symbols, and data

Third Grade  Expectation
Concepts and skills students know include:
2. Recognition, understanding, and use of patterns to solve problems

Evidence Outcomes 21 °' Century Skills and Readiness Competencies
Students can: Inquiry:
a. Find missing elements in a pattern e How are patterns useful?
b. Complete input/output tabl es and ¢ How can knowing a rule help you solve pattern problem s?
guess my rule statements ¢ How do you know when you are applying the correct rule to a pattern?

c. Solve problems of elapsed time

Applying  Mathematics in Society and Using Technology:

e Use the pattern of elapsed time to set up a schedule

¢ Given real -life situations (ex: rancher needing to know how many shoes ar e needed
for his horses or grocer needing to know how many cans will fit on a set of shelves),
student will use patterns, tables, and rules to solve the problem

e Using daily school activities, figure elapsed time (ex: How much time did we spend
in silent re ading today? How much time do we have for math before we go to
lunch?)

Nature of Mathematics
e Mathematics involves invention . Mathematicians tinker with ideas and create new
explanations, new rules, and new algorithms to bring clarity to a situation
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Content Area: Mathematics

Standard: Patterns, Functions, and Algebraic Structures
Prepared Graduate Competencies:
G Use critical thinking to recognize problematic aspects of situations, create mathematical models, and present and defend
solutions

Second Grade  Expectation

Concepts and skills students know include:
1. Identification of patterns and relationships and use of that information to solve a problem
using a variety of materials

Evidence Outcomes 21 *' Century Skills and Readiness Competenc ies
Students can: Inquiry:
a. Use ten based strategies to solve ¢ How can finding ten help in addition and subtraction problems?
addition and subtraction facts to 20 ¢ How are addition and subtraction related?
b. Demonstrate the structure of numbers ¢ How canyouuse addition to help.you find a solution to a subtraction problem?

as tens and ones in addition and
subtraction

c. Communicate the relationship
between addition and subtraction, and
use this relation ship to efficiently
solve problems Applying  Mathematics in Society and Using Technology:

e Represent and interpret numbers as tens and ones in real contexts for example with
money and metric. measures, or in some kinds of packaging

¢ Use number relationships to communicate solutions to real world problems

Nature of Mathematics:
¢ Mathematics involves invention. Mathematicians tinker with ideas and create new
explanations, new rules, and new algorithms to bring clarity to a situation
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Content Area: Mathematics
Standard: Patterns, Functions, and Algebraic Struc tures
Prepared Graduate Competencies:
i Make claims about relationships among numbers, shapes, symbols, and data and defend those claims by relying on the
properties that are the structure of mathematics

Second Grade  Expectation

Concepts and skills stud ents know include:
2. Recognition, description, reproduction, extension, and creation of increasingly complex
patterns using a variety of materials including numbers

Evidence Outcomes 21 *' Century Skills and Readiness Competencies
Students can: Inquiry:
a. Count o bjects by groups using 2, 5, e What patterns do you notice when you count by 2, 5, and 10?

and 10 both verbally and written e How can you use a pattern to help you solve a problem?
b. Identify a missing number in a ¢ What patterns.can you create?

sequence, and describe a rule ¢ How does finding patterns help in counting?
c. Create and extend repeating patterns

(3 -5 elements) using a variety of Applying  Mathematics _in Society_and Using Tech_nolqu: _ _ _
materials such as numbers, letters, e Use patterns to predict results in'a real world situations, such as knowing which side
shapes, and manipulatives of the street a house is on, or knowing there would be pennies in a collection of
coins worth 43 cents
¢ Use technology to explore and communicate information about patter ns

¢ Identify patterns in real world contexts

e Given.a large unknown quantity of items (buttons, candies, erasers, etc), model how
forming groups (2s,5s,o0r 10s) facilitates finding the total

e Use commonly grouped items (pairs of socks, packs of gum, boxes of p encils),
students will be able to identify how many items are in a given number of groups

e Use 3 - 5 elements student will create a border for party invitations or decorations
(ex: heart, flower, and Kkiss shapes cut Hron

Nature of Mathematics:

e Mathematics involves pattern seeking Mathematicians look for patterns and
regularity The search for patterns can produce rewarding shortcuts and
mathematical insights
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Content Area: Mathematics
Standard: Patterns, Functions, and Algebraic Structures
Prepared Graduate Competencies:
i Make sound predictions and generalizations based on patterns and relationships that arise from numbers, shapes,
symbols, and data

First Grade Expectation

Concepts and skills students know inclu de:
1. Creation and extension of a patterns based on rules
Evidence Outcomes 21 *' Century Skills and Readiness Competencies
Students can: Inquiry:
a. Count objects by groups of 2 or 5 ¢ What patterns do you noti ce?
b. Create and e xtend a pattern based on ¢ How can you extend this pattern?
arule ¢ What patterns can you make?

Applying  Mathematics in Society and Using Technology:
e Use counting patterns to solve real world problems such as changing seasons and
patterns in  music
e Userulestoidentify  patternsinr eal world contexts
e Counting in groups strengthens comp utational skills in later years

Nature of  Mathematics
e The nature of mathematics and the search for patterns can produce rewarding
shortcuts and mathema tical insights
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