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Preface &

he world-class schools the United States requires cannot exist without a world-class

teaching force; the two go hand in hand. Many accomplished teachers already work
in the nation’s schools, but their knowledge and skills are often unacknowledged and
underutilized. Delineating outstanding practice and recognizing those who achieve it are
important first steps in shaping the kind of teaching profession the nation needs. Thisis
the core challenge embraced by the National Board for Professional Teaching
Standards™ (NBPTS). Founded in 1987 with a broad base of support from governors,
teacher union and school board leaders, school administrators, college and university
officials, business executives, foundations, and concerned citizens, NBPTSisanonprofit,
nonpartisan organization governed by a 63-member board of directors, the majority of
whom are teachers. Committed to basic reform in education, NBPTS recognizes that
teaching is at the heart of education and, further, that the single most important action the
nation can take to improve schools is to strengthen teaching.

The National Board’s mission is to advance the quality of teaching and learning by:

e maintaining high and rigorous standards for what accomplished teachers should
know and be able to do,

 providing anational voluntary system certifying teachers who meet these
standards, and

« advocating related education reforms to integrate National Board Certification® in
American education and to capitalize on the expertise of National Board Certified
Teachers®.

Dedication to this mission is elevating the teaching profession, educating the public
about the demands and complexity of accomplished teaching practice, and making
teaching a more attractive profession for talented college graduates with many other
promising career options.

National Board Certification is more than a system for recognizing and rewarding
accomplished teachers. It offers an opportunity to guide the continuing growth and devel-
opment of the teaching profession. Together with other reforms, National Board Certifi-
cation isacatalyst for significant change in the teaching profession and in education.

The Philosophical Context

The standards presented here lay the foundation for the Adolescence and Young
Adulthood/Mathematics certificate. They represent a professional consensus on the
aspects of practice that distinguish accomplished teachers. Cast in terms of actions that
teachers take to advance student achievement, these standards also incorporate the essen-
tial knowledge, skills, dispositions, and commitments that allow teachers to practice at a
high level. Like all NBPTS Standards, this standards document is grounded philosophi-
cally in the NBPTS policy statement What Teachers Should Know and Be Able to Do.
That statement identifies five core propositions.
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1)

Teachers are committed to students and their learning.

Accomplished teachers are dedicated to making knowledge accessible to all students.
They act on the belief that all students can learn. They treat students equitably, recog-
nizing the individual differences that distinguish their students from one another and
taking account of these differencesin their practice. They adjust their practice, as appro-
priate, on the basis of observation and knowledge of their students' interests, abilities,
skills, knowledge, family circumstances, and peer relationships.

Accomplished teachers understand how students develop and learn. They incorporate
the prevailing theories of cognition and intelligence in their practice. They are aware of
theinfluence of context and culture on behavior. They develop students’ cognitive capac-
ity and respect for learning. Equally important, they foster students' self-esteem; moti-
vation; character; sense of civic responsibility; and respect for individual, cultural,
religious, and racial differences.

2) Teachers know the subjects they teach and how to teach those

subjects to students.

Accomplished teachers have arich understanding of the subject(s) they teach and appre-
ciate how knowledge in their subjects is created, organized, linked to other disciplines,
and applied to real-world settings. While faithfully representing the collective wisdom of
our culture and upholding the value of disciplinary knowledge, they also develop the crit-
ical and anaytical capacities of their students.

Accomplished teachers command specialized knowledge of how to convey subject
matter to students. They are aware of the preconceptions and background knowledge that
students typically bring to each subject and of strategies and instructional resources that
can be of assistance. Their instructional repertoire alows them to create multiple paths
to learning the subjects they teach, and they are adept at teaching students how to pose
and solve challenging problems.

3) Teachers are responsible for managing and monitoring student

learning.

Accomplished teachers create, enrich, maintain, and ater instructional settings to capture
and sustain the interest of their students. They make the most effective use of time in their
instruction. They are adept at engaging students and adults to assist their teaching and at
making use of their colleagues knowledge and expertise to complement their own.

Accomplished teachers command a range of instructiona techniques and know when
to employ them. They are devoted to high-quality practice and know how to offer each
student the opportunity to succeed.

Accomplished teachers know how to engage groups of students to ensure a disciplined
learning environment and how to organize instruction so as to meet the schools goals for
students. They are adept at setting norms of social interaction among students and between
students and teachers. They understand how to motivate studentsto learn and how to main-
tain their interest even in the face of temporary setbacks.

Accomplished teachers can assess the progress of individual students as well as the
progress of the class as a whole. They employ multiple methods for assessing student
growth and understanding and can clearly explain student performanceto students, parents,
and administrators.

Vi
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4) Teachers think systematically about their practice and learn from
experience.

Accomplished teachers are models of educated persons, exemplifying the virtues they
seek to inspirein students—curiosity, tolerance, honesty, fairness, respect for diversity,
and appreciation of cultural differences. They demonstrate capacities that are prereg-
uisites for intellectual growth—the ability to reason, take multiple perspectives, be
creative and take risks, and experiment and solve problems.

Accomplished teachers draw on their knowledge of human development, subject
matter, and instruction, and their understanding of their students, to make principled
judgments about sound practice. Their decisions are grounded not only in the litera-
ture of their fields but also in their experience. They engagein lifelong learning, which
they seek to encourage in their students.

Striving to strengthen their teaching, accomplished teachers examine their practice
critically; expand their repertoire; deepen their knowledge; sharpen their judgment;
and adapt their teaching to new findings, ideas, and theories.

5) Teachers are members of learning communities.

Accomplished teachers contribute to the effectiveness of the school by working collab-
oratively with other professionals on instructional policy, curriculum development,
and staff development. They can evaluate school progress and the allocation of school
resourcesin light of their understanding of state and local educational objectives. They
are knowledgeable about specialized school and community resources that can be
engaged for their students' benefit and are skilled at employing such resources as
needed.

Accomplished teachers find ways to work collaboratively and creatively with
parents, engaging them productively in the work of the school.

The Certification Framework

Using the Five Core Propositions as a springboard, NBPTS sets standards and offers
National Board Certification in nearly 30 fields. These fields are defined by the develop-
mental level of the students and the subject or subjects being taught. The first descriptor
represents the four overlapping student developmental levels:

* Early Childhood, ages 3-8;

» Middle Childhood, ages 7-12;

* Early Adolescence, ages 11-15;

« Adolescence and Young Adulthood, ages 14-18+.

The second descriptor indicates the substantive focus of a teacher’s practice. Teachers
may select either a subject-specific or ageneralist certificate at a particular devel opmental
level. Subject-specific certificates are designed for teachers who emphasize a single
subject area in their teaching (e.g., Early Adolescence/English Language Arts,
Adolescence and Young Adulthood/Mathematics); generalist certificates are designed for
teachers who develop student skills and knowledge across the curriculum (e.g., Early

Vii
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Childhood/Generalist, Middle Childhood/Generalist). For some subject-specific certifi-
cates, developmental levels are joined together to recognize the commonalities in teach-
ing students at those developmental levels (e.g., Early and Middle Childhood/Art).

Standards and Assessment Development

Following a nationwide search for outstanding educators, a standards committee is
appointed for each field. The committees are generally made up of 15 members who are
broadly representative of accomplished professionals in their fields. A magjority of
committee members are teachers regularly engaged in teaching students in the field in
question; other members are typically professors, experts in child development, teacher
educators, and other professionals in the relevant discipline. The standards committees
develop the specific standards for each field, which are then disseminated widely for
public critique and comment and subsequently revised as necessary before their adoption
by the NBPTS Board of Directors. Periodically, standards are updated so that they remain
dynamic documents, responsive to changes in the field.

Determining whether or not candidates meet the standards requires performance-
based assessment methods that are fair, valid, and reliable and that ask teachers to
demonstrate principled, professional judgments in a variety of situations. A testing
contractor specializing in assessment development works with standards committee
members, teacher assessment development teams, and members of the NBPTS staff to
develop assessment exercises and pilot test them with teachers active in each certificate
field. The assessment process involves two primary activities: (1) the compilation of a
portfolio of teaching practice over a period of time and (2) the demonstration of content
knowledge through assessment center exercises. Teachers prepare their portfolios by
videotaping their teaching, gathering student learning products and other teaching arti-
facts, and providing detailed analyses of their practice. At the assessment center, teach-
ers write answers to questions that relate primarily to content knowledge specific to their
fields.

The portfolio is designed to capture teaching in real-time, real-life settings, thus
allowing trained assessors from the field in question to examine how teachers translate
knowledge and theory into practice. It also yields the most valued evidence NBPTS
collects—videos of practice and samples of student work. The videos and student work
are accompanied by commentaries on the goals and purposes of instruction, the effec-
tiveness of the practice, teachers' reflections on what occurred, and their rationales for
the professional judgments they made. In addition, the portfolio allows candidates to
document their accomplishments in contributing to the advancement of the profession
and the improvement of schooling—whether at the local, state, or national level—and to
document their ability to work constructively with their students' families.

Teachers report that the portfolio is a professional development vehicle of consider-
able power, in part because it challenges the historic isolation of teachers from their
peers. It accomplishes this by actively encouraging candidates to seek the advice and
counsel of their professional colleagues—whether across the hall or across the country—
asthey build their portfolios. It also requires teachers to examine the underlying assump-
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tions of their practice and the results of their efforts in critical but healthy ways. This
emphasis on reflection is highly valued by teachers who go through the process of
National Board Certification.

The assessment center exercises are designed to complement the portfolio. They vali-
date that the knowledge and skills exhibited in the portfolio are, in fact, accurate reflec-
tions of what candidates know and can do, and they give candidates an opportunity to
demonstrate knowledge and skills not sampled in the portfolio because of the candidate’s
specific teaching assignment. For example, high school science teachers assigned to
teach only physicsin a given year might have difficulty demonstrating in their portfolio
a broad knowledge of biology. Given that the NBPTS Standards for science teachers
place a high value on such capabilities, another strategy for data collection is necessary.
The assessment center exercises fill this gap and otherwise augment the portfolio. Each
candidate’s work is examined by trained assessors who teach in the certificate field.

The National Board for Professional Teaching Standards believes that a valid assess-
ment of accomplished practice must allow for the variety of forms sound practice takes.
It must also sample the range of content knowledge that teachers possess and must
provide appropriate contexts for assessments of teaching knowledge and skill. Teaching
is not just about knowing things; it is about the use of knowledge—knowledge of learn-
ers and of learning, of schools and of subjects—in the service of helping students grow
and develop. Consequently, NBPTS believes that the most valid teacher assessment
processes engage candidates in the activities of teaching—activities that require the
display and use of teaching knowledge and skill and that alow teachers the opportunity
to explain and justify their actions.

In its assessment development work, NBPTS uses technology for assessment when
appropriate; ensures broad representation of the diversity that exists within the profes-
sion; engages pertinent disciplinary and specialty associations at key points in the
process; collaborates closely with appropriate state agencies, academic institutions, and
independent research and education organizations, establishes procedures to detect and
eliminate instances of external and internal bias with respect to age, gender, and racial
and ethnic background of teacher-candidates; and selects the method exhibiting the least
adverse impact when given a choice among equally valid assessments.

Once an assessment has been thoroughly tested and found to meet NBPTS require-
ments for validity, reliability, and fairness, eligible teachers may apply for National
Board Certification. To be eligible, a teacher must hold a baccal aureate degree from an
accredited ingtitution; have a minimum of three years' teaching experience at the early
childhood, elementary school, middle school, or high school level; and have held avalid
state teaching license for those three years or, where alicense is not required, have taught
in schools recognized and approved to operate by the state.

Strengthening Teaching and Improving Learning

The National Board’s system of standards and certification is commanding the respect
of the profession and the public, thereby making a difference in how communities and
policymakers view teachers, how teachers view themselves, and how teachers improve
their practice throughout their careers. National Board Certification has yielded such
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results in part because it has forged a national consensus on the characteristics of
accomplished teaching practice in each field. The traditional conversation about teacher
competence has focused on beginning teachers. The National Board for Professional
Teaching Standards has helped broaden this conversation to span the entire career of
teachers.

Developing standards of accomplished practice helps to elevate the teaching profes-
sion as the standards make public the knowledge, skills, and dispositions of accom-
plished teachers. However, making such standards the basis for National Board
Certification promises much more. Since National Board Certification identifies accom-
plished teachers in a fair and trustworthy manner, it can offer career paths for teachers
that will make use of their knowledge, wisdom, and expertise; give accomplished practi-
tioners the opportunity to achieve greater status, authority, and compensation; and accel-
erate efforts to build more successful school organizations and structures.

By holding accomplished teachers to high and rigorous standards, National Board
Certification encourages change along severa key fronts:

« changing what it means to have a career in teaching by recognizing and rewarding
accomplished teachers and by making it possible for teachers to advance in respon-
sibility, status, and compensation without having to leave the classroom;

» changing the culture of teaching by accelerating growth in the knowledge base of
teaching, by placing real value on professional judgment and accomplished practice
in al its various manifestations, and by encouraging teachers to search for new
knowledge and better practice through a steady regimen of collaboration and reflec-
tion with peers and others;

» changing the way schools are organized and managed by creating avehicle that facil-
itates the establishment of unique teacher positions, providing accomplished teach-
ers with greater authority and autonomy in making instructional decisions and
greater responsibility for sharing their expertise to strengthen the practice of others;

« changing the nature of teacher preparation and ongoing professional devel opment by
laying a standards-based foundation for a fully articulated career development path
that begins with prospective teachers and leads to accomplished teachers;

» changing the way school districts think about hiring and compensating teachers by
encouraging administrators and school boards to reward excellence in teaching by
seeking to hire accomplished teachers.

Although National Board Certification has been designed with the entire country in
mind, each state and locality decides for itself how best to encourage teachers to achieve
National Board Certification and how best to take advantage of the expertise of the
National Board Certified Teachersin their midst. Across the country, legislation has been
enacted that supports National Board Certification, including allocations of funds to pay




Preface &

for the certification fee for teachers, release time for candidates to work on their portfo-
lios and prepare for the assessment center exercises, and salary supplements for teachers
who achieve National Board Certification. Incentives for National Board Certification
exist at the state or local level in al 50 states and in the District of Columbia.

As this support at the state and local levels suggests, National Board Certification is
recognized throughout the nation as arich professional development experience. Because
National Board Certification provides states and localities with a way to structure teach-
ers' roles and responsibilities more effectively and to allow schools to benefit from the
wisdom of their strongest teachers, National Board Certification is a strong component
of education reform in the United States.

Xi



Introduction €&/

Today’s students will live and work in tomorrow’s world. Teaching them to use math-
ematics in new and meaningful ways is an exciting and challenging task. Today’s
teachers are moving away from tedious drills on narrow skills; away from the notion that
mathematics comes packaged in neat, self-sustaining compartments; and away from the
attitude that only the privileged can understand and do mathematics. Students across the
educational spectrum today find their analytic ability to analyze and frame situations they
encounter every day in a mathematical context to be at a premium. These students need
an understanding of fundamental mathematical concepts and techniques in order to
achieve afull command of state-of-the-art technologies to help them solve problems that
come up in daily life.

Adgainst this backdrop, the teacher of mathematics at the adolescence and young adult-
hood level plays akey role—arolethat isevolving as moreis learned about students and
mathematics. The mathematics teacher leads students in an exploration of the world of
mathematics, provides learning opportunities for all students, and serves as an advocate
for each student in the mathematics classroom. The mathematics teacher opens doors to
awide range of learning possibilities and future options.

In recent years, mathematics has undergone many changes both as a discipline and as
a tool for educational, social, and economic opportunity. The development of modern
technology has profoundly affected the ways organizations and individuals around the
world achieve their objectives. Such technological advances have substantially broad-
ened the applications of mathematics, not only in scholarship, science, industry, business,
and government, but also more prominently than before in such areas as agriculture,
health, politics, and the arts.

The changing nature of the workforce in the United States, coupled with stiff interna-
tional competition, requires that all citizens—not just a select fev—become mathemati-
caly literate. All young adult Americans must master mathematical ways of thinking if
they are to succeed and if they are to make informed decisions about issues central to
their lives and to society. The mathematical principles and concepts that today’s young
adults need to know to participate fully in the modern world are both different from and
more complex than those required of earlier generations.

These transforming events and new realities are highlighted in several national reports
that provide recommendations for the reform of school mathematics and its teaching.?
Each report asserts that high priority must be given to the development of students who
will mature into adults with strong mathematical knowledge and with skills and confi-
dence in their abilities to do significant mathematics.

The recent and continuing changes in mathematics, and in the field's current vision of
mathematics instruction, demand the most from the nation’s teachers. This conception of
mathematics teaching is predicated on the belief that all students—regardless of back-
ground, gender, race, ethnicity, specia needs, or language—must be afforded the oppor-
tunity to achieve the level of mathematical competence required to succeed in lifeand in
work. Giving students access to the full range of school mathematics, such as that
outlined by the National Council of Teachers of Mathematics (NCTM) in Principles and
Sandards for School Mathematics,2 will require a great deal more, especially more
knowledge, from tomorrow’s teachers than is typically required from teachers today.

It is important to emphasize that these standards recognize, reflect, and imply varied
approaches to teaching. The National Board understands that such factors as the contexts
in which teachers practice, the backgrounds and experiences they bring to their role, and

1. The National
Commission on
Mathematics and
Science Teaching for
the 21st Century,
Before It's Too Late
(Washington, D.C.:
Author, 2000).
Mathematical
Association of
America, A Call for
Change (Washington,
D.C.: Author, 1991).
Mathematical
Sciences Education
Board, Everybody
Counts (Washington,
D.C.: National
Academy Press,1989).

2. National Council of
Teachers of
Mathematics,
Principles and
Standards for School
Mathematics (Reston,
Va.: Author, 2000).
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3. Carnegie Task Force
on Teaching as a
Profession, A Nation
Prepared: Teachers for
the 21st Century
(Washington, D.C.:
Author, 1986).

the professional choices they make during their careers contribute to a diverse population
of accomplished secondary mathematics teachers. For example, a teacher who has spent
the past 10 years teaching algebra, and who has developed special expertise in alternative
methods of assessment, offers a distinctly different profile of accomplished teaching from
that of a teacher who has taught the full spectrum of secondary mathematics courses,
including calculus, and who has a special interest in cooperative learning. Both, however,
may well be teaching at the highest levels described in these standards.

At the same time, however, certain guiding principles relevant to mathematics content
and pedagogica knowledge are widely agreed on among mathematics educators. These
guiding principles represent the common ground that unites accomplished teachers and
distinguishes their practice without regard to their current assignment, school context, or
past experiences. Included in these principles are not only understandings about the essen-
tials of first-rate practice, but also understandings about how to recognize and avoid
damaging and ineffective practices.

At present, many accomplished teachers are meeting these challenges. Those entering the
teaching profession continue to join them in working to achieve the vision set by the NCTM
standards. The Carnegie Task Force on Teaching as a Professiond had a similar vision when
it advanced theidea of publicly certifying the work of exceptional teachers, teacherswho are
making a difference in the lives and abilities of the children they teach. The task force's
report stimulated the formation of the National Board for Professional Teaching Standards,
which ultimately led to the development of the standards in this document—standards
intended to recognize teachers of adolescents and young adults who ensure their students
progress toward high achievement in mathematics.

Developing High and Rigorous Standards for
Accomplished Practice

In 1990, a committee of Adolescence and Young Adulthood/Mathematics teachers and
other educators with expertise in this field began the process of developing advanced
professional standards for teachers of students ages 14 to 18+. The Adolescence and Young
Adulthood/M athematics Standards Committee was charged with translating the Five Core
Propositions of the National Board for Professional Teaching Standards into a standards
document that defines outstanding teaching in this field.

In 2000, a committee comprising original committee members and a new group of
educators (including National Board Certified Teachers) was convened to examine and
update as necessary the published Adolescence and Young Adulthood/Mathematics
Standards. This second edition of the standards is the result of the committee’s delibera-
tions at meetings and their input into working drafts of the standards.

This NBPTS Standards document describes in observable form what accomplished
teachers should know and be able to do. The standards are meant to reflect the professional
consensus at this point about the essential aspects of accomplished practice. The delibera-
tions of the Adolescence and Young Adulthood/Mathematics Standards Committee were
informed by various national and state initiatives on student and teacher standards that
have been operating concurrently with the development of NBPTS Standards. As the
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understanding of teaching and learning continues to evolve over the next several years,
Adolescence and Young Adulthood/Mathematics Standards will be updated again.

An essential tension of describing accomplished practice concerns the difference
between the analysis and the practice of teaching. The former tends to fragment the
profession into any number of discrete duties, such as designing learning activities,
providing quality explanation, modeling, managing the classroom, and monitoring
student progress. Teaching as it actually occurs, in contrast, is a seamless activity.

Everything an accomplished teacher knows through study, research, and experienceis
brought to bear daily in the classroom through innumerable decisions that shape learn-
ing. Teaching frequently requires balancing the demands of several important educational
goals. It depends on accurate observations of particular students and settings. And it is
subject to revision on the basis of continuing developmentsin the classroom. The profes-
sional judgments that accomplished teachers make also reflect a certain improvisational
artistry.

The paradox, then, is that any attempt to write standards that dissect what accom-
plished teachers know and are able to do will, to a certain extent, misrepresent the holis-
tic nature of how teaching actually takes place. Nevertheless, the fact remains: Certain
identifiable commonalties characterize the accomplished practice of teachers. The 12
standards that follow are designed to capture the craft, artistry, proficiency, and under-
standings—both deep and broad—that contribute to the complex work that is accom-
plished teaching.

The Standards Format

Accomplished teaching appears in many different forms, and it should be acknowledged
at the outset that these specific standards are not the only way it could have been
described. No linearity, atomization, or hierarchy is implied in this vision of accom-
plished teaching, nor is each standard of equal weight. Rather, the standards are
presented as aspects of teaching that are analytically separable for the purposes of this
standards document but that are not discrete when they appear in practice.

The document follows a two-part format for each of the 12 standards:

|. Standard Statement—Thisis a succinct statement of one vital aspect of the prac-
tice of the accomplished Adolescence and Young Adulthood/M athematics teacher.
Each standard is expressed in terms of observable teacher actions that have an
impact on students.

[I. Elaboration—This passage provides a context for the standard, along with an
explanation of what teachers need to know, value, and do if they are to fulfill the
standard. The elaboration includes descriptions of teacher dispositions toward
students, their distinctive roles and responsihilities, and their stances on arange of
ethical and intellectual issues that regularly confront them.




Adolescence and Young
Adulthood/Mathematics
STANDARDS

(for teachers of students ages 14-18+)
Second Edition

OVERVIEW

he National Board for Professional Teaching
Standards has developed the following 12 stan-
dards of accomplished practice for Adolescence and
Young Adulthood/Mathematics teachers. The stan-
dards have been ordered as they have to facilitate

Commitment

I.  Commitment to Students and Their

Learning (p. 7)

Accomplished mathematics teachers ac-
knowledge and value the individuality and
worth of each student, believe that all
students can learn and use significant math-
ematics, and demonstrate these beliefs in
their practice.

Equity, Diversity, and Fairness (p. 11)

Accomplished mathematics teachers have
high expectations for all students. They ensure
equal access to the mathematics curriculum;
model and promote behavior appropriate in a
diverse society by showing respect and
appreciation for all students; and teach
students to treat one another fairly and with

dignity.

Knowledge of Mathematics,
Students, and Teaching

lll.  Knowledge of Mathematics (p. 15)
Accomplished mathematics teachers have a
broad and deep knowledge of the concepts,
principles, techniques, and reasoning methods

understanding, not to assign priorities. They each
describe an important facet of accomplished teaching;
they often occur concurrently because of the seamless
quality of teaching. The standards serve as the basis
for the National Board Certification in this field.

of mathematics, and they use this knowledge
to set curricular goals and shape their instruc-
tion and assessment. They understand signifi-
cant connections among mathematical ideas
and the applications of these ideas to problem
solving in mathematics, in other disciplines,
and in the world outside of school.

Knowledge of Students (p. 23)
Accomplished mathematics teachers know
and care about their students. They use their
knowledge about adolescents and adoles-
cent development, and their knowledge about
how this development affects the learning of
mathematics, to guide their curricular and
instructional decisions. They understand the
impact of home life, cultural background, indi-
vidual learning differences, student attitudes
and aspirations, and community expectations
and values on student learning.

Knowledge of Teaching Practice (p. 27)
Accomplished mathematics teachers have
an extensive base of pedagogical knowledge
and use it to make curriculum decisions,
design instructional strategies and assess-
ment plans, and choose materials and
resources for mathematics instruction.

ADOLESCENCE AND YOUNG ADULTHOOD/MATHEMATICS 5



The Teaching of Mathematics Professional Development and
Outreach

VI. The Art of Teaching (p. 31)
Accomplished mathematics teachers stimu- X. Reflection and Growth (p. 43)

late and facilitate student learning by using a Accomplished mathematics teachers regu-
wide range of formats and procedures and larly reflect on what they teach and how they
by assuming a variety of roles to guide teach. They keep abreast of changes and
students’ learning of mathematics. learn new content in mathematics and in
mathematical pedagogy, continually seeking
Learning Environment (p. 35) to improve their knowledge and practice.
Accomplished mathematics teachers help
students learn mathematics by creating envi- . Families and Communities (p. 47)
ronments in which students are active learn- Accomplished mathematics teachers support
ers, show willingness to take intellectual and promote the involvement of families in
risks, develop confidence and self-esteem, their children's education. They help varied
and value mathematics. This environment communities understand the role of mathe-
fosters students’ learning of mathematics. matics and mathematics instruction in today’s
world, and—to the extent possible—they

Ways of Thinking Mathematically (p. 37) involve these communities in the support of
Accomplished mathematics teachers develop instruction.

students’ abilities to reason and think mathe-

matically—to investigate and explore patterns, . Contributing to the Professional
to discover structures and establish relation- Community (p. 51)

ships, to formulate and solve problems, to Accomplished mathematics teachers collabo-
justify and communicate their conclusions, and rate with peers and other education profes-
to question and extend those conclusions. sionals to strengthen their school’s programs,

advance knowledge, and contribute to

Assessment (p. 41) improving practice within the field.
Accomplished mathematics teachers employ

a range of formal and informal assessment
methods that are ongoing and embedded to
evaluate student learning in light of well-
defined goals. They employ multiple methods
of assessment—including teacher-designed
and external assessments, where appro-
priate—to diagnose learning; plan instruc-
tion; and provide opportunities for students to
reflect on their strengths and weaknesses in
order to revise, support, and extend their
individual performance.

The pages that follow provide elaborations of each standard that discuss the knowledge, skills,
dispositions, and habits of mind that describe accomplished teaching in the field.
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Commitment

Accomplished mathematics teachers care deeply about their students and are committed to
their learning. Although knowledge (Standards I11-V), teaching practice (Standards VI1-1X),
and professional development and outreach (Standards X—XI11) are all essential components of
accomplished teaching, they are not sufficient without a total commitment that every student
be given every opportunity to learn quality mathematics. This commitment is apparent in all
aspects of teaching: in setting clear and ambitious goals, selecting deliberate actions designed
to achieve them, and including all students in these plans.

Standard |I: Commitment to
Students and Their Learning

Accomplished mathematics teachers acknowledge and value the individuality
and worth of each student, believe that all students can learn and use significant

mathematics, and demonstrate these beliefs in their practice.

A ccomplished mathematics teachers focus
on students, their activities, and their
mathematical understanding. They make the
phrase “mathematics for al” come alive in
their classrooms. They strive to inspire
students to work diligently to learn mathemat-
ics, and they encourage students to consider
making time for learning mathematics a prior-
ity. Above al, they do everything possible to
ensure that their students|earn meaningful and
important mathematics. They are genuinely
committed to their students, and they let their
students know that they find doing and teach-
ing mathemagtics lively and enjoyable experi-
ences. They take the extra steps required to
ensure that students learn, and they encourage
students to advance in mathematics as far as
possible.

These teachers* teach high-quality mathe-
matics to all students. They know that math-
ematical understanding® is essential for
everyone, and they work to encourage all
students to take courses that center on signif-
icant mathematics. They respect al their
students and help them meet new challenges.
Recognizing that each student can gain

increased mathematical understanding, they
expect their students to prosper in the study
of mathematics, and they communicate that
expectation to them.

Teachers help students acquire confidence
in learning, doing, and understanding mathe-
matics. They help students become aware of
their own learning and show them that there
are multiple ways to learn. Accomplished
teachers seek to keep all their students
involved in learning mathematics. They
respect the contributions of each student to
the classroom, and they make sure that each
student respects the contributions of others.
They encourage students to assume responsi-
bility for their own learning. They recognize
that the long-range goal of a teacher is to
help students become self-directed and capa-
ble of learning on their own.

Teachers care about students as individu-
als, and they demonstrate this concern
through their words and actions. They are
alert and sensitive to the variations that exist
in students’ prior learning experiences,
individual learning approaches, family and
cultural backgrounds, interests, and specia

4. All references to teach-
ers in this document,
whether explicitly stated
or not, refer to accom-
plished mathematics
teachers of adolescents
and young adults.

5. Mathematical under-
standing, as used in this
document, is defined as
knowing the interconnec-
tions among concepts
and facts; knowing the
logical reasoning underly-
ing each fact and making
logical deductions there-
from; recognizing the
coherence of mathemat-
ics by being able to place
concepts and facts prop-
erly in a hierarchical
mathematical structure;
being fluent in computa-
tional skills; and knowing
how and when to apply
ideas and skills in specific
contexts both within and
outside mathematics.
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needs. They are aware that any of these
factors can have an effect on students' math-
ematics learning. They continually determine
each student’s level of mathematical know!-
edge and understanding, and they build on
that foundation. They recognize the beliefs
and attitudes toward mathematics that each
student brings to the classroom, and they
promote a positive valuing of mathematics.
They provide students with a variety of
options to meet their individual needs and
engage their interest.

Inside and outside the classroom, accom-
plished teachers strive to ensure that no
student’s abilities are impeded because of
insufficient mathematical preparation. They
seek out parents, counselors, administrators,
and others in the school community and
cooperatively develop programs, procedures,
and policies that—when implemented—uwiill
ensure that al students have access to an

Reflections on Standard I:

empowering sequence of educational experi-
ences in mathematics. They recognize and
work to overcome any barriers that might
prevent any students—including those with
exceptionalities—from achieving success in
mathematics. They provide appropriate chal-
lenges for al students.

Accomplished mathematics teachers
create opportunities for each student to expe-
rience the satisfaction of success. They are
willing to use a variety of options and meth-
ods to foster student understanding. They
take care to listen to what students say and to
understand what they mean. They provide
support and encouragement when students
are doing well, and they enlist the efforts of
families and other school personnel to help
when students are having difficulty.

7
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Standard II: Equity,
Diversity, and Fairness

Accomplished mathematics teachers have high expectations for all students.
They ensure equal access to the mathematics curriculum; model and promote

behavior appropriate in a diverse society by showing respect and appreciation
for all students; and teach students to treat one another fairly and with dignity.

ccomplished mathematics teachers are

dedicated to meeting the needs of an
increasingly diverse student population.
They confront issues of diversity proactively
to promote academic and socia equity. They
actively and positively challenge sexist,
racist, and other biased behaviors and stereo-
typical perspectives, including those directed
toward various ethnic groups, regardless of
the source. They are keenly aware of the
historical perspectives and biases that have
created social and academic barriers for
students, and they work to remove these
obstacles. They maintain high expectations
for all learners regardless of gender, race,
socioeconomic class, or previous experience.
They ensure that their students receive equal
opportunities to learn and advance in mathe-
matics, and they act to dispel the notion that
not all students are capable of learning math-
ematics. They consistently communicate
their respect for all students and their belief
that al students can learn. By example and
guidance, they help students learn to treat
one another as valued members of the learn-
ing community.

Equity

Accomplished teachers create learning envi-
ronments in which high expectations exist for
all students. They know that some students
have historically been discouraged from
pursuing advanced study in mathematics or
have been denied the opportunity to advance

in mathematics because of the mistaken belief
that not all students are capable of learning
mathematics. Teachers are particularly careful
to make sure that women, students with
disabilities, students for whom English is a
new language, students of low socioeconomic
status, and students of color understand that
they—like al other students—can succeed in
mathematics.

Teachers are aware of the supportive atten-
tion that must be given to students who are
learning English as a new language. Teachers
make sure that such students are able to
understand instruction and participate in class
and small-group discussions; teachers may
aso give students who are learning English as
a new language alternative assessments and
assignments so that their ability to demon-
strate understanding and proficiency in math-
ematics does not depend on their proficiency
in English. Likewise, teachers are aware that
specia modifications to instructional strate-
gies and resources may be necessary for
students with exceptional needs. Teachers
work to ensure that such accommodations are
made so that these students have equitable
access to appropriate learning opportunities.

Teachers consider the full range of
academic experience and learning styles pres-
ent among their students and make sure that all
students are given the opportunity to reach
their full potential in mathematics. They use
enrichment activities, creative grouping strate-
gies, peer mentoring, and a range of instruc-
tional strategies and materials to ensure that
every student has the opportunity to participate
meaningfully in mathematics learning and

AYA/MATHEMATICS
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achieve high goals. (See Standard V—
Knowledge of Teaching Practice.)

Teachers communicate their confidence in
the capabilities of al students through their
words and actions—in their interactions with
students in class and in written evaluations, in
their attention to students interactions with
one another, in their assignment of students to
instructional groups, and in their efforts to
forge productive relationships with colleagues
and students families in order to support
students' mathematical achievement. (See
Standard XI—Families and Communities.)
Teachers congtructively address issues affect-
ing instruction, class management, and student
participation, ensuring that al studentsare able
to participate meaningfully in mathematics
learning.

Diversity

Accomplished teachers value the importance of
their students diverse cultures and back-
grounds. They build on the richness of the
heritage and culture of their students and give
students opportunities to think in ways that are
both culturally familiar and unfamiliar. They
recognize the unique contributions and
perspectives each student brings to the learning
environment. Teachers use this knowledge to
foster positive interaction in the classroom and
to support each student’s mathematical growth.
They are aware that students cultural back-
grounds and life experiences can influence the
way they interact in the classroom and the way
students approach and learn mathematics.

Accomplished mathematics teachers show
respect for diversity of al kinds. They model the
use of unbiased language and set positive exam-
ples of acceptance and appreciation of others
uniqueness. When the need arises, they respond
quickly and decisively to negete the effects of
biased speech and behavior. They consistently
communicate their belief that each individua
makes a unique contribution to the character of
the learning environment and to society.

Fairness

Accomplished mathematics teachers know
that the attitudes they manifest set powerful
examples for young people, and they consci-
entiously demonstrate appropriate behaviors
and attitudes that they wish to inculcate in
their students. They are conscious of creating
and maintaining a community of learnersin
which all students are treated fairly by their
peers and teachers.

Teachers have and demonstrate high
expectations for al students and offer all
students the opportunity to gain and demon-
strate proficiency and understanding. They
ensure that every student—regardless of
gender, background, culture, ethnicity, sexual
orientation, or special needs and abilities—is
treated fairly in the learning environment.
Teachers allocate resources, including
instructional time, fairly, knowing that the
fairest division of resources is not aways
arithmetically equal because of the unique
needs of learners.

Accomplished teachers are aware of the
issues involved in providing instruction to
students with exceptionalities. They modify
curriculum, instruction, and assessments as
necessary. They comply with federal, state,
and local laws, regulations, and policies
concerning students with unique needs. They
work closely with the specialists and support
personnel who have valuable insights into
these students and willingly team with them
to ensure that these students have every
opportunity to achieve their educational
goals and objectives. They advocate for and
make use of assistive technologies, for
instance, computers with voice-recognition
or speech-synthesis software that can enable
students with exceptional needs to communi-
cate their thought processes and mathemati-
cal arguments.

7
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Knowledge of Mathematics, Students, and Teaching

Accomplished teachers offer all students the opportunity to learn. Only by having a deep and
broad understanding of mathematics can teachers organize and deliver instruction that helps
students build their own broad and deep understanding of mathematics. Only by knowing their
students well can teachers consistently make instructional decisions that will further students
learning. Further, only by skillfully combining their knowledge of students and mathematics
with their knowledge about how to teach mathematics can teachers enable students to learn
mathematics successfully. The following three standards form the foundation for the decisions
and actions taken by accomplished mathematics teachers. They are the basis for the seven

Standard llI:
Knowledge of Mathematics

remaining standards.

athematicsisadiscipline that devel ops

intellectual power to solve problems;
make decisions; and describe significant
visual, quantitative, and symbolic patterns. It
isafundamental tool in the persistent human
effort to make sense of the world—its order,
chaos, stability, and change. It has applica-
tions, for example, in scientific, technical,
economic, and political work; in art and
music; and in our personal lives and social
interactions.

Although it is one of the oldest disciplines
of human knowledge and thought, the field
of mathematics continues to grow and
evolve. New concepts, principles, and meth-
ods become a part of the discipline each year.
For example, the emphasis on computational
efficiency, the discovery of new algorithms,
the advent of linear programming, and the
articulation of the number theory underlying
cryptography all have been devel oped during
the lifetime of many of today’s teachers.

Accomplished mathematics teachers have a broad and deep knowledge of the
concepts, principles, techniques, and reasoning methods of mathematics, and
they use this knowledge to set curricular goals and shape their instruction and
assessment. They understand significant connections among mathematical
ideas and the applications of these ideas to problem solving in mathematics, in
other disciplines, and in the world outside of school.

Mathematics is commonly discussed in
terms of computational procedures and proofs
in the school subjects of algebra, geometry,
and calculus. However, mathematics is a far
more complex organism. It embraces input
from theoretical physics, computer science,
economics, and other applied fields. It strives
for generality and, even in applications, makes
effective use of abstractions as a source of
power. The emergence of sophisticated tech-
nology also makes possible the approximate
solutions of formerly inaccessible problems by
virtue of computer simulations. Technology
also contributes to explorations that uncover
new phenomena. A full understanding of these
new advances then stimulates even more
abstract theoretical work.

To make classroom decisions that support
student learning, teachers must understand
both the mathematics and their students, and
they must continue to grow in their under-
standing. (See Standard 1—Commitment to
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Sudents and Their Learning for a definition of
mathematical understanding.) To help students
acquire and then build on the ideas, methods,
and skills that underlie important mathematics
and see relationships among these elements
and make significant applications of them,
accomplished teachers must have a broad and
well-integrated knowledge of both classical
and contemporary ideas, as well as the meth-
ods and techniques of mathematics. They must
appreciate the richly interconnected nature of
the discipline.

Accomplished teachers aso view the disci-
pline from several perspectives. They know the
central concepts, principles, facts, and tech-
niques of important mathematica domains—
algebra, geometry, discrete mathematics, data
analysis and datistics, and calculus. They
know the fundamental processes of mathemat-
ical thinking, including representation, model-
ing, conjecture, inference, interpretation, and
anaysis. They understand the fundamental
role of proof in establishing and explaining the
truth of mathematical statements and in
providing a standard of logical connection that
sets mathematics apart from other disciplines.

They know the productive connections
between mathematics and other fields of
human endeavor—connections that have
given mathematics a remarkable history of
intellectual service to problem solving and
decision making across time and cultures.
They aso understand the ways mathematics
is contributing to the technological changes
in society and the ways technology is chang-
ing the face of mathematics.

Increasingly, in today’s classrooms, stu-
dents engage in mathematical investigations—
from simple explorations to open-ended
problems aimed at forming conjectures to
intensive or long-term researchlike activities.
In this environment, teachers should anticipate
or respond to the questions and ideas students
may develop and to the disruptions or unex-
pected connections they might encounter.
They should acknowledge how long a worth-
while journey might take. Good classroom

judgment—knowing when or whether to inter-
vene, deciding which of many possible
avenues will be most fruitful to follow, and
knowing when to bring closure to an activity
and move on—depends not only on teachers
sengitivity to students' learning, but also on
profound mathematical knowledge that allows
them to recognize and pursue mathematically
significant idess.

An increased emphasis on applications
also puts new demands on teachers’ mathe-
matical knowledge. Sometimes responding
to these demands means entering unfamiliar
mathematical territory. But even when the
mathematicsitself is not new to the teacher, a
shift of curricular organization from mathe-
matical topics to contexts or applications
increases the need for teachers to distinguish
between those mathematical ideas that are
new and important for students and those that
are relatively routine.

One of the strongest forces in the contem-
porary growth and evolution of mathe-
matics—and of mathematics teaching—is
the power of modern computational tech-
nology. Entirely new mathematical fields are
emerging. For example, understanding recur-
sive structures and being able to analyze
algorithms become more important for stu-
dents to know, placing new demands on what
teachers must know. Also, some problems
and topics are becoming more accessible to
students, along with new ways to represent
and manipulate mathematical information.
This gives teachers new choices about both
content and pedagogy. To make wise choices
about how to use calculators, computers, and
appropriate software in the service of stu-
dents' mathematical learning, teachers need
not only the mathematical knowledge that
guides their pursuit of mathematical goals,
but also knowledge of the potentia of the
technology—including the emerging soft-
ware relevant to their discipline—and fluent
expertise with its use.
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Core Mathematical
Knowledge

Accomplished teachers understand the major
ideas in the core domains of mathematics.
Although their expertise may vary in degree
for particular domains, they have a funda-
mental knowledge base from which to build
student mathematical understanding. This
knowledge includes algebra, geometry,
discrete mathematics, data analysis and
statistics, and calculus.

Algebra

Accomplished teachers recognize algebra as
alanguage for describing abstract mathemat-
ical structures and for generalizing and
extending ideas from arithmetic. They know
how to apply these aspects of algebraic
content and thinking to classroom teaching in
appropriate ways throughout the mathemat-
ics curriculum. Substantive mathematical
reasoning applies to such algebraic ideas as
identities, inverses, closure, linearity, and the
distributive law. These ideas and the systems
that use them (e.g., groups, rings, and fields)
are foundations for understanding the mathe-
matics of everyday classrooms.

Accomplished teachers also recognize
algebra’s role as a language for modeling
problem situations and for reasoning and
drawing inferences about functions and rela-
tions. They understand the interplay among
numerical, symbolic, verbal, and graphical
representations of quantitative relationships
and the role and means of transforming and
simplifying these representations. They are
proficient in using concepts and symbolic
expressions for working with families of
functions, such as polynomial, exponential,
rational, logarithmic, trigonometric, and
those that depend on parameters or are recur-
sively defined. They connect these functions
to important applications through their
special properties.

Many ideas that are central to secondary
mathematics have their roots in a more
abstract algebra that is not always evident in
the standard curriculum. To maintain a
coherent view of the standard material,
teachers need to know its underpinnings. For
example, the fact that the decimal expansions
of rational numbers either terminate or repeat
can be seen from an examination of the divi-
sion algorithm, and the never-divide-by-zero
rule derives from the algebraic equivalence
of two statements, a/b = c and a = bc.

Geometry

Accomplished teachers understand that
geometry provides a repertoire of techniques
for studying spatial objects and patterns as
well as a setting for the representation of
seemingly purely analytic or algebraic idess.
Just as accomplished teachers use algebraic
methods to support reasoning about geomet-
ric situations, they use visual models and
methods (concrete and virtual, in two and
three dimensions) or ideas from non-
Euclidean geometry to provide insight into
patterns expressed in numbers or other
symbols. Using their knowledge of the prop-
erties of Euclidean spaces, teachers solve
problems in a variety of fields, such as art,
architecture, and engineering.

They use approaches that involve meas-
urement (of distance, area, volume, and angle
measure, for example), ideas of similarity
(proportion and trigonometric ratios, for
example), vectors, and coordinates. They also
use drawing techniques, including paper/
pencil and software, to investigate and
analyze properties of geometric objects and to
study which properties change and which
remain invariant as the objects are trans-
formed in various ways. Accomplished teach-
ers should also be familiar with other areas of
mathematics opened up by technology, such
as self-similarity in fractal geometry.
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Accomplished teachers are proficient in
constructing mathematical proofs and in
explaining proofs to students. Teachers are
able to use the axiomatic structure of geome-
try to construct proofs in varied forms (e.g.,
paragraph, indirect, two-column).

Discrete Mathematics

Accomplished teachers understanding
extends beyond the mathematics of contin-
uous phenomena. In the context of this docu-
ment, discrete mathematics includes such
topics as algorithms; sequences, formal
series, finite differences, binomial theorem;
recursion and iteration; proof by induction;
graphs and networks; and counting tech-
niques (e.g., combinatorics, arrangements,
partitions). It also includes elements of
number theory (e.g., modular systems, divisi-
bility and counting of divisors, integer solu-
tionsto problems) and fundamental notionsin
set theory and logic. Accomplished teachers
also understand the foundations and concepts
of finite probability (e.g., mutually exclusive,
independent, and compound events; condi-
tional probability; expected value).
Accomplished teachers also can use
representati ons appropriate to these domains,
including matrices, Venn diagrams, and tree
diagrams. They are able to use the ideas and
methods of discrete mathematics in such
contexts as social choice (e.g., voting, appor-
tionment), finance, population dynamics,
optimization (e.g., choosing best paths), and
computer science aswell asin the analysis of
problems within mathematics itself.

Data Analysis and Statistics

Accomplished teachers use both quantitative
and qualitative approaches when answering
questions involving data. To do so, they
collect, organize, represent, and reason about
data, using a variety of numerical, graphical,
and algebraic concepts and procedures, and

they look for ways to describe and model
patterns in data. They know how to interpret
and draw inferences from data to make deci-
sions in a wide range of applied problem
settings as well as how to use simulations to
investigate situations.

Teachers understand the connection
between simulations and experimental proba-
bility. They aso see how probability
contributes to an understanding of sample
spaces, distributions, and the foundations of
inferential statistics.

Accomplished teachers understand the
mathematical underpinnings of such basic
inferential techniques as confidence intervals
and hypothesis testing. In addition, they are
aware of the advantages, limitations, and
appropriateness of each technique. They
understand that statistical inference goes
beyond describing data and involves using
formal methods to support or refute general-
izations about populations based on samples,
using the methods and language of probabil-
ity, and using statistical reasoning to make or
modify decisions on the basis of data
Teachers understand that a goal of datainter-
pretation is to help students become more
informed consumers of information.

Calculus

Accomplished teachers appreciate the histor-
ical development and significance of calculus
and know that it provides methods for model -
ing dynamic change in such areas as the
physical, biological, and social sciences, as
well as in business applications. They are
knowledgeable about the theoretical founda-
tions of calculus, including the rigorous
development of calculus concepts such as
limits, continuity, differentiation, and inte-
gration. They understand and can explain
how to use limits, derivatives, integrals, and
infinite series as tools to measure and
analyze rates of change, optimization, and
accumulation of continuously varying quan-
tities. They apply the ideas and techniques of

18
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calculus, using numerical methodsto analyze
data-based problems. They understand how
to use technology appropriately to assist in
visualizing and solving problems.

Mathematical
Thinking Processes

Mathematics is often described by naming
important concepts, facts, and operations in
its mgjor topic strands. However, characteris-
tic mathematical thinking processes are used
to solve problems in al the topical strands.
Accomplished teachers of mathematics
understand and are able to demonstrate such
mathematical processes as these:

» Discovering, describing, and reasoning
about patterns represented in visual,
numerical, and symbolic form—
including such processes as classifica
tion, representation, and deductive and
inductive reasoning and such concepts as
symmetry, similarity, stability, recursion,
and continuity

» Using methods for formal verification of
mathematical conjectures—including
rules of logical inference and proof
strategies

* Modeling mathematical relations in
problem situations by using symbolic
expressions—representing  important
relationships, operating on symbolic
expressions to gain understanding of the
situation or to draw inferences about it,
and applying mathematical analysis to
solve problems and make decisions

» Using heuristics to solve mathematical
problems—such as testing extreme
cases, conducting an organized search of
specific examples, and using visual
problem representations

* Using technology to search for patterns
and formulate generalizations

» Applying strategies for communicating
mathematical information in verbal,
numerical, graphic, and symbolic forms
and through physical models of mathe-
matical principles

Certain fundamental thinking processes
and mathematical structures apply across all
topic strands, giving coherence to the subject
and powerful support for teaching, learning,
and applied problem solving. For example,
matrices are invaluable tools for recording
and reasoning about complex data sets in
algebra (systems of eguations), geometry
(transformations), graph theory (edge
connections), and probability (Markov
chains). The concept of limit—central to and
made explicit in calculus—appears in the
curriculum prior to calculus in such diverse
areas as geometry and functions. The linear
algebra concepts of vector space and linear
transformations provide representations of
concepts, problems, and techniques in both
algebra and geometry. The algebraic struc-
tures of groups, rings, and fields illuminate
the common and fundamental properties of
operations in number systems, families of
functions, and geometric patterns like
symmetry. Teachers must be familiar with
such core patternsin the discipline if they are
to make the power of these structural connec-
tions available to students.

Contexts for Mathematics

In one sense, mathematics is among the most
abstract of disciplines. For centuries, it has
been cultivated for its intrinsic beauty and
merit as an intellectual discipline. But its
most interesting abstract concepts, struc-
tures, and operations have arisen from or
found embodiment in patterns of objects and
actions in scientific, technical, economic, or
other practical situations. Accomplished
teachers understand the roots of abstract
concepts and techniques in concrete cases,
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and they use this understanding to make wise
curricular and instructional decisions and to
help students make connections across disci-
plines. They appreciate the historical course
through which mathematical ideas have
developed and the ways different cultures
have influenced and contributed to that
development.

An accomplished teacher’s knowledge of
the context within which mathematics has
evolved and is useful includes the following:

» Knowledge of the mgjor threads in the
historical development of key mathemat-
ical ideas—the conceptual stumbling
blocks and insights that provided impor-
tant breakthroughs—and the contribu-
tions of various individuals and cultures
to those developments.

Knowledge of the ways mathematical
ideas have been and are today fundamen-
tal to practical and scientific progress in
fields related to mathematics. This
includes applications for the major
concepts, principles, and techniques of
core content topicsin the school curricu-
lum as well as the modeling processes
that are fundamental to effective applica-
tions of mathematics. Such applications
provide a basis for thinking about and
using mathematics. Effective use of tech-
nology is an essential part of this model-
ing and application process.

Knowledge of a set of analytical and
representational techniques, the ability
to recognize when the techniques are
appropriate, and the ability to apply
them in real situations.

Applying Mathematical
Knowledge in Teaching

Knowledge of mathematics by itself does not
guarantee that an individual will become an
accomplished teacher of mathematics.
However, it provides an essential foundation
that supports all other teaching standards and
meets the content-based challenges that will
occur in classrooms.

Accomplished mathematics teachers
knowledge of mathematics is constantly
growing in away that encourages the integra-
tion of new facts, concepts, procedures, tech-
nologies, and applications into their teaching
repertoire. They employ this solid knowledge
base to design instruction that reflects the
diverse historical and cultural roots of mathe-
matics. They convey to their studentsthe spirit
of mathematics as a human endeavor that has
evolved from the contributions, vaues, and
social perspectives of awide variety of people
across thousands of years.

Their love and enthusiasm for mathemat-
ics permeates the classroom environment.
They convey the power and fascination of the
discipline to their students as they engage
them in exploring and discovering the intrigu-
ing patterns and processes of mathematics
and in applying mathematical ideasin redis-
tic settings. They place a high value on doing
mathematics, take joy in it, and communicate
that joy and excitement to their students.

7
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Standard 1V:
Knowledge of Students

ccomplished mathematics teachers are

aware of the different ways in which
students process information. They also
recognize the varied mathematics back-
grounds their students may have. Asthey help
students internalize the language of mathe-
matics and its processes, they recognize that
students learn through varying approaches.
For example, some students are adept at deal-
ing with graphic images, and others are better
with abstract symbolic forms. Some students
learn most efficiently through quiet individual
study, others through written reflections, and
others through lively verbal exchanges with
classmates. Still others may learn through
interactive technologies.

Teachers recognize the merits and limita-
tions of each approach and redlize that all
students will benefit from a multiplicity of
approaches that allow them to consider
important mathematical ideas and concepts
from several perspectives. In designing
lessons, teachers consider how students with
differing knowledge, interests, and priorities
come to learn and use mathematics in differ-
ent ways. They are sensitive to how these
students devel op the reasoning processes and
attitudes that characterize mathematical
thinking and understanding.

Accomplished teachers build on student
strengths and address student weaknesses.
They go further to notice those studentsin all
groups who have developed exceptionaly
high abilities or affinities and tailor their

Accomplished mathematics teachers know and care about their students. They
use their knowledge about adolescents and adolescent development, and their
knowledge about how this development affects the learning of mathematics, to
guide their curricular and instructional decisions. They understand the impact of
home life, cultural background, individual learning differences, student attitudes
and aspirations, and community expectations and values on student learning.

programs to provide challenges and opportu-
nities that support these students. Their
lessons succeed—in part—because of their
ability to recognize student strengths and to
assess, anticipate, and address student difficul-
ties, understandings, and misconceptions.
(See Standard I X—Assessment.) The practice
of such teachers is distinguished by their
capacity to integrate the goals of the curricu-
lum with each student’s knowledge base.
Teachers use their professiona experience
and knowledge of research to create learning
experiencesthat encourage studentsto explore
and build on previous knowledge and under-
standings. They structure lessons—including
the use of manipulatives, technology, and
activities—to enable students to recognize the
connections among diverse concepts and
multiple representations. (See Standard V—
Knowledge of Teaching Practice.) They appre-
ciate that students’ learning will be influenced
by their experiences both in and out of school,
and they structure their teaching to capitalize
on students' responsiveness to issues that have
relevance to their lives. They are aware that
student attitudes and approaches toward learn-
ing mathematics differ. They make decisions
designed to facilitate positive, meaningful
participation of all students in their classes.
They strive to motivate students to work hard.
In addition to knowing how students
develop and learn, accomplished teachers
diagnose and assess student learning. (See
Standard I X—Assessment.) They build on
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their extensive experience to select tech-
nigques and approaches that are most likely to
provide students the opportunity for success,
regardless of specific needs or interests,
while maintaining curricular expectations.
They are keen observers of their students.
They develop a growing base of practical,
classroom-based knowledge they can use
continually to refine their teaching practice.
Teachers are able to identify areas in which
remediation is needed on the basis of each
student’s unique mathematical background.
They are able to work with students to fill
learning gaps that may exist and to solidify
mathematical understanding.

To gauge their students strengths, needs,
talents, and interests, teachers insightfully
observe and listen to their students in diverse
settings, such as a formal classroom setting,
an individual conference, or an informa
conversation. These insights—along with
their ability to identify exceptionalities in
their students—enable accomplished teachers
to adapt their practice to meet the needs of
every student. Accomplished teachers work
collaboratively with specialists, as necessary,

Reflections on Standard IV:

and modify their plans and materials to
support every student.

Students from different social and cultural
backgrounds may have different views on the
relevance of given mathematical problems
and on ways to apply mathematics to their
lives. Accomplished teachers understand how
society and prior school experiences shape
students’ attitudes and beliefs about mathe-
matics. They acknowledge the potential influ-
ence of gender, race, ethnicity, socia class,
and language on how students—including
those whose primary language is not the
language of instruction—approach mathe-
matics. Recognizing that students persona
histories affect how they relate to mathemat-
ics, accomplished teachers help students
appreciate the universality of the discipline.
And, they find techniques that help students
enter, relate personaly to, and become
competent in that human endeavor.

7
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Standard V: Knowledge of
Teaching Practice

Accomplished mathematics teachers have an extensive base of pedagogical
knowledge and use it to make curriculum decisions, design instructional strategies

and assessment plans, and choose materials and resources for mathematics
instruction.

ccomplished mathematics teachers
design their lessons with important
mathematical goals in mind. They articulate
these goals clearly, and they select instruc-
tional techniques and activities that enable
students to meet them. They know their
students, and they know the ideas and proce-
dures of mathematics. They also know that
mathematical thinking evolves in the minds
of individual students based on their experi-
ences. They know the problems and difficul-
ties that students commonly encounter when
studying various mathematical topics.
Accomplished teachers apply this knowl-
edge to make judgments about content
choice, sequence, emphasis, and instruction.
Their repertoire of teaching strategies—
including inquiry, cooperative learning,
discovery, directed instruction, individual-
ized instruction, and group instruction—
engages students in exploring, discovering,
and using mathematical ideas. The tasks and
activities they select are structured deliber-
ately to facilitate student understanding,
communication, and reasoning.
Accomplished teachers understand that
not al instructional formats and materias are
appropriate for—nor will they appeal to—all
students, and they structure their teaching in
a variety of ways to address this diversity.
Because they understand different types of
representational models and the strengths
and weaknesses of each, they can select those
best suited for different students and for
different teaching situations. Thus, they
provide students with a variety of tools to
solve problems, and they know how to use

those tools appropriately. They help students
learn about |earning mathematics.

Accomplished teachers have developed a
framework of mathematical goals and instruc-
tional strategies that allows them to identify,
assess, adapt, and create instructiona re-
sources to support and enhance student
learning. They use a variety of activities and
materials to reach their mathematical goals,
and they draw on these resources to meet the
mathematical needs of their students. These
resources include manipulative tools, printed
materials, human resources, historical mate-
rial, appropriate technology, and library and
media resources.

The visual, computational, and interactive
power of modern technology can be used to
influence both what is taught and how
students learn mathematics. Accomplished
teachers recognize the opportunities afforded
by the new tools—access to new ideas and
new ways of representing and manipulating
them—and effectively use the tools to
deepen and enrich students mathematical
learning. They continually improve their own
skills and fluency with these tools and reex-
amine their teaching practice in light of what
the tools make possible.

Accomplished teachers attend to the
primary goal—helping students develop
sound mathematical knowledge, understand-
ing, and ways of thinking. These teachers
make necessary changes in accord with their
best judgment about students needs. They
give students opportunities to develop
expertise with the technology that will best
help them learn good mathematics and solve
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problems mathematically. Where access to  within the school community to advance
such technology is limited or nonexistent, knowledge about the learning opportunities
accomplished teachers seek ways to acquire  afforded by such technology.

the appropriate instructional and computa-

tional tools. (See Standard X |—Families and g

Communities.) They may work actively

Reflections on Standard V:
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The Teaching of Mathematics

The ways a teacher makes decisions and implements plans in the classroom provide the most
visible and—arguably—the most important demonstrations of accomplished practice. The next
four standards describe the kinds of tasks teachers construct and select, the ways teachers facil-
itate classroom discourse, and the practices teachers use to assess and monitor learning.
Accomplished mathematics teachers successfully perform these functions through the roles
they assume, the organizational schemes they use, the decisions they make, and the ways they

adjust their plans from moment to moment.

Standard VI:
The Art of Teaching

Accomplished mathematics teachers stimulate and facilitate student learning by
using a wide range of formats and procedures and by assuming a variety of roles

to guide students’ learning of mathematics.

Accomplished mathematics teachers
value mathematics highly. They take
joy init. They are excited by the ideas they
explore with students. And they communi-
cate that joy to their students. For example,
they share with students the remarkable fact
that the ratio of the circumference to the
diameter of any circle is always the same
number and that the number 1T shows up in
probability, statistics, number theory, and
many other seemingly unrelated contexts.

Mathematics has the power to fascinate
students—for example, the concept of infinity,
the patterns found in Pascal’s triangle, and the
connection between Fibonacci numbers and
the Golden Spiral. Accomplished teachers
provide their students with opportunities to
discover mathematical delights and to experi-
ence the intellectual satisfaction that comes
from finding a solution to a problem or justi-
fying a conjecture with a well-considered
argument. They notice the light in the eyes of
the students who are “turned on” to mathe-
meatics, and they seek ways to dlicit the same
excitement in those who have not yet been
captivated.

Teachers modify classroom plans and
activities in response to student needs, inter-
ests, and unexpected opportunities for learn-
ing. They demonstrate flexibility, insight,
and responsiveness in dealing with the flow
of the classroom. They recognize and
respond to the mathematical potential of
student questions and comments, and they
pursue ideas of interest that emerge in class-
room discussion. They also help students
reflect on and extend their learning, and they
expect them to take responsibility for their
learning. There is no recipe for what teachers
do at any given moment. Their choices are
governed by their immediate and long-term
goas, the progress and interests of their
students, the instructional opportunities that
present themselves, and the particular
dynamics and tone of the day. However, there
are important dimensions to accomplished
teaching.

Teachers know that classroom interactions
can develop a life of their own, that no plan
should be followed simply for its own sake,
and that they must adapt their plans where
appropriate. They are prepared to adjust
instruction—either because unforeseen diffi-
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culties suggest that a path they had planned to
take will not succeed, or because a classroom
discussion points to a beneficial aternative.
They are able to anticipate misunderstandings
and provide instruction that will help asideas
unfold. Furthermore, they choose topics for
discussion wisely, relying on their under-
standing of what is appropriate and important.

Accomplished teachers are willing to take
risks in their classrooms. They vary standard
practice, using conventional and unconven-
tional methods to further their students
mathematical understandings. For example,
they might help their students lead some
aspect of instruction, or they might design a
technology activity without first having all
the answers themselves. They are not afraid
to take calculated risks if they see better
instructional opportunitiesin anew course of
action. Their knowledge of mathematics and
their understanding of different experiences
help them move students toward important
mathematical goals.

Accomplished teachers adjust the pace of
the class. They moderate it to give students
sufficient time to internalize concepts and
build perspectives, to deepen and extend
students mathematical understanding, or to
approach a new topic. They employ such
teaching strategies as whole-class discussion,
small-group work, individua study, and one-
on-one sessions that allow studentsto explore,
discover, and use mathematical ideas. They
engage students in myriad activities, such as
experiments, demonstrations, projects, games,
puzzles and contests, writing, presentations,
discussion, and debates. They make sound

judgments about the use of time and pacing,
and they know when to adjust a classroom
format to optimize learning.

Accomplished teachers assume different
roles to accomplish their complex tasks, such
as acting as afacilitator of student inquiry, an
information provider, and a collaborator with
students in solving problems. Accomplished
teachers foster learning by choosing imagina
tive examples, problems, and situations
designed to interest and motivate students,
illuminate important ideas, or revea the
growth of student understanding. They work
with small groups of students, asking clarify-
ing or leading questions when necessary. They
involve students in decisions about mathemat-
ical topics or waysto study those topics. They
provide students with opportunities to reflect
on their learning. And, they serve as a catalyst
in launching student investigations.

Accomplished teachers promote meaning-
ful discourse through the well-conceived
questions they pose and through the rich tasks
they provide. They demonstrate their use of
appropriate questioning strategies by know-
ing how, when, and why to question students
about their understanding of mathematics,
and they provide a safe arena in which
students can counter the arguments of others.
They encourage students to pursue learning
on their own.
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Standard VII:
Learning Environment

Accomplished mathematics teachers help students learn mathematics by creat-
ing environments in which students are active learners, show willingness to take

intellectual risks, develop confidence and self-esteem, and value mathematics.
This environment fosters students’ learning of mathematics.

Accomplished mathematics teachers use
their knowledge of how students learn
to create a stimulating environment in which
students are empowered to do mathematics
and to foster a respectful, engaging, and
cooperative atmosphere for learning. They
encourage students to develop a good work
ethic and to assume ownership and responsi-
bility for the learning process.
Accomplished teachers create a positive
learning environment. From the beginning of
the school year, they engage their studentsin
creating a community of learners in which
students are willing to take intellectual risks.
Such an environment is evident when teach-
ers and students share ideas in a positive and
productive manner; when students question
mathematical ideas and concepts; when
students realize that struggling and making
errors are part of the process of learning; and
when teachers invite students' discussion of
mathematical activities. In such an environ-
ment of trust, students feel safe to communi-
cate different points of view, to conduct
open-ended explorations, to make mistakes
and learn from them, and to admit confusion
or uncertainty. Creating and maintaining such
alearning environment require skill and plan-
ning, a variety of instructional methods, flex-
ibility, good judgment, and discretion.
Accomplished teachers consider the
mathematical understanding needs, interests,

and working styles of their students and the
mathematics they are studying. They are
sensitive to the needs of students with excep-
tionalities. They create a climate in which
each student learns to value mathematics and
experience success in doing significant math-
ematics. They lead by example, and they
convey to students the delight that comes
with the command of a mathematical tool or
principle. They help students develop the
ability to work both independently and
collaboratively on mathematics.

Accomplished teachers encourage and
capitalize on student discourse about mathe-
matics. They invite students to question and
offer conjectures, validate or refute asser-
tions, offer proofs, and discuss and question
their own thinking and the ideas proposed by
others, alowing for natural acceptance of
alternative approaches or solutions. They
provide time for students to reflect on and
assimilate the mathematics they are learning.
They listen to what students say, look at
students work to gain insight into their
understanding, and value and respect what
students say and do.

7
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Standard VIII: Ways of
Thinking Mathematically

Accomplished mathematics teachers develop students’ abilities to reason and think
mathematically—to investigate and explore patterns, to discover structures and

establish relationships, to formulate and solve problems, to justify and communicate
their conclusions, and to question and extend those conclusions.

athematics is a discipline of concepts,

principles, procedures, and reasoning
processes. Its tools include representation,
modeling, proof, experimentation, question-
ing, classification, visualization, and compu-
tation.6 Its practice has been profoundly
affected and extended by technol ogy—espe-
cialy calculators and computers. In the class-
rooms of accomplished teachers, students are
engaged in identifying patterns, solving prob-
lems, reasoning, forming and testing conjec-
tures, and communicating results. They
search for connections and solve problems
while reflecting on both the mathematics and
their own thought processes.

Accomplished teachers of mathematics
recognize that important general concepts
and reasoning methods undergird the devel-
opment of mathematical power. They model
mathematical reasoning as they work with
students, and they encourage their studentsto
question processes and challenge the validity
of particular approaches. Their students
make conjectures and justify or refute them,
formulate convincing arguments, and draw
logical conclusions. Sound reasoning—not
an edict from the teacher—is the arbiter of
mathematical correctness. In short, students
become mathematically empowered as they
learn to think, reason, and communicate
mathematically.

Teachers recognize that mastering mathe-
matical facts and procedures is only a part of
what it meansto learn mathematics. They also
know the importance of developing students’
understanding of and disposition to do mathe-

matics. They redlize that teaching students to
“think mathematically” means helping them
develop a mathematical point of view; recog-
nize situations in which mathematical reason-
ing might be useful; and have the ahility, skill,
and confidence to think through a situation.
Conseqguently, they provide settings that allow
students to test mathematical ideas, patterns,
and conjectures; discover principles, synthe-
size evidence; and apply their growing knowl-
edge to avariety of problems. Teachers know
and use the overarching themes of mathemat-
ics that help students understand and appreci-
ate the powerful relationships between
mathematical ideas and problems, as in
making students aware of the relationship
between diverse fields, such as agebra and
geometry or geometry and probability.

Teachers know multiple ways to represent
mathematical ideas, and they organize tasks
so that students will learn that a single prob-
lem may have many representations.
Accomplished teachers encourage students
to distinguish between these representations
and to select a compelling and efficient
representation for a given problem or situa-
tion. They teach students to recognize and
seek alternative ways to solve mathematical
problems. They provide opportunities for
students to understand that multiple solutions
can be informative, useful, and interesting.
Mathematical reasoning permeates the tasks,
actions, and discourse of accomplished
teachers’ mathematics classes.

Accomplished teachers provide students

6. Adapted from
Mathematical Sciences
Education Board, On
the Shoulders of Giants:
New Approaches to
Numeracy (Washington,
D.C.: National Academy
Press, 1990), 3.
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with problems and applications that will allow
them to explore new mathematical content, to
reflect on the problem-solving process, to
extend and refine their thinking, and to make
generalizations about the procedures they
have used and link those generalizations with
what they have learned previousdly.

Accomplished teachers provide many rich
opportunities for students to apply mathe-
matics to interesting problems. In doing so,
they point out the interrelated domains of
mathematics. They not only choose tasks
related to everyday life—to the sciences, to
economics, to palitics, or to business—but
they also choose tasks that will extend under-
standing within mathematics. Their choice of
problem contexts reflects the breadth of
mathematics and its applications.

Teachers aso provide opportunities for
students to recognize and formulate their own
problems—problems that stem from their
personal interests or experiences or that build
on other work they are doing in mathematics.

Accomplished teachers deliberately struc-
ture opportunities for students to use and
develop appropriate mathematical discourse
as they reason and solve problems. These
teachers give students opportunities to talk
with one another and to work together in
solving problems, and they have students use
both written and oral discourse to describe
and discuss their mathematical thinking and
understanding. As students talk and write
about mathematics—as they explain their
thinking—they deepen their mathematical
understanding in powerful ways that can
enhance their ability to use the strategies and
thought processes gained through the study
of mathematics to deal with life issues.

Accomplished teachers are successful in
using technology effectively to develop
students' reasoning, mathematical thinking,
and discourse. They are able to use applica-

tions such as graphing technology, interactive
geometry software, and computer algebra
systems not as “black boxes’ that produce
answers with little insight, but rather as tools
for supporting student inquiry, conjecture, and
proof.

Accomplished mathematics teachers en-
courage students to confront and challenge
ideas and to question peers as they discuss
mathematical ideas, develop mathematical
understanding, and solve mathematical prob-
lems. They monitor what students do, using
mathematical communication regularly to
help students build understanding. They use
probing and supportive questions to advance
students' thinking about the use of available
resources, the methodological choices they
make to address problems, and the approaches
they might pursue.

Accomplished teachers aso tackle curricu-
lum issues related to reasoning and mathemati-
cal thinking in their departments, schools, and
digtricts. When appropriate, they make an effort
to influence the way mathematics is taught at
the lower grades. They inform themselves
about how students develop reasoning ability.
They consider carefully how different curricu-
[um materials or issues might affect mathemat-
ical reasoning and thinking. For instance, they
consider how an integrated mathematics
curriculum might require specid attention to
the development of reasoning, or how schedul-
ing strategies, such as block scheduling, might
influence the emphasis on thinking or reason-
ing in different courses. Accomplished teachers
are aware of the many influences on the process
of learning and the ways curriculum decisions
might have an intended or unintended impact
on theingtructional goals.
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Standard IX: Assessment

ccomplished teachers are guided by

well-defined goals. They design appro-
priate assessment strategies and activities to
monitor the progress of the class as a whole
as well as the work of individual students.
They consistently use a variety of methods to
check for student understanding prior to,
during, and at the close of alesson. And they
use this information to shape their teaching.

Teachers use avariety of assessment tech-
niques that address various modalities and
learning styles, including open-ended prob-
lems, group investigations, projects, portfo-
lios, interviewing, and learning logs, to
assess the processes as well as the products
of students mathematical explorations and
problem-solving activities.

Teachers know that it is important for
young adolescents to assume increasing
responsibility for their own learning. They
encourage students to set high goals, and
they teach students how to evaluate their
progress toward those goals. They give
students frequent opportunitiesto use various
performance measures as tools for self-
reflection. They engage their students in
critiquing and learning from their class-
mates work, which can provide students
with fresh perspectives on their own work.
They also provide opportunities for students
to reflect on and evaluate their progress and
to revise, support, and extend their learning.

Teachers use formative assessment results
to modify their lessons and the opportunities
and activities they offer. They review or skip
ahead to more challenging situations when
appropriate. They use assessment strategies

Accomplished mathematics teachers employ a range of formal and informal
assessment methods that are ongoing and embedded to evaluate student learn-
ing in light of well-defined goals. They employ multiple methods of assessment—
including teacher-designed and external assessments, where appropriate—to
diagnose learning; plan instruction; and provide opportunities for students to
reflect on their strengths and weaknesses in order to revise, support, and extend
their individual performance.

to identify student strengths and areas for
improvement, and they provide timely and
instructive feedback.

As appropriate, teachers allow students to
help formulate goals and criteria for success.
They set high expectations and ensure that
those expectations are clear, understandable,
and understood by all their students. They
establish clear criteria for success.

Besides assessing student learning using
teacher-designed assessments, teachers are
keenly aware of the external assessments that
play an important part in a student’s educa-
tional experience. District, state, and national
tests and international studies al have signif-
icant impact on how the public perceives
educational success and, in some cases, can
have significant impact on a student’s future.
Teachers know the purposes and content of
these external assessments. They evaluate
their own curricular decisions in light of the
content of these tests, ensuring that their
students are well prepared for those examina-
tions that will be important to their future
goals. Teachers read and consider the curricu-
lar implications of data from national and
international comparisons. They make an
effort to influence the content and character-
istics of these comparisons, particularly at the
state and local levels. They use assessment as
a basis to communicate and demonstrate that
students are learning mathematics.
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Professional Development and Outreach

Accomplished mathematics teachers, according to the Five Core Propositions, think systemati-
cally about their practice and learn from their experience. As professionals, they reflect on their
own teaching and periodically adjust their course and instruction to respond to new ideas and
the rate of progress they observe in their students.

But excellence and growth in the classroom are not enough in today’s world. Today’s teach-
ers must show persistence and creativity in their effortsto involve familiesin meaningful ways.
Today, more than ever, teachers must reach beyond their classrooms. They must participate in
broader learning communities and reach out to the community at large. At the school, district,
state, and national levels, teacher involvement is a key component in the effort to improve
educational opportunities and learning for all students.

The definition of who and what a teacher is continues to evolve toward an emerging picture
of atalented and competent professional who is charged with the most important function in
society—educating tomorrow’s adults. Important signs of this professionalism are reflected in
the final cluster of standards.

Standard X:
Reflection and Growth

Accomplished mathematics teachers regularly reflect on what they teach and
how they teach. They keep abreast of changes and learn new content in mathe-
matics and in mathematical pedagogy, continually seeking to improve their

knowledge and practice.

[ or accomplished mathematics teachers,
_every class and every course provide the
opportunity to reflect and improve. When
things go well, accomplished teachers think
about how to apply the lessons learned to
other situations. When things do not go well,
they consider how to improve.

This would be the case even if the world
of mathematics were static. However, the
body of mathematics itself and the pedagog-
ical bases for teaching mathematics are
constantly evolving. The knowledge base of
mathematicsis growing, and new mathemat-
ical fields and technology are becoming
increasingly important.

Researchers have learned a great dedl
about how people think about and learn
mathematics. Accomplished teachers stay

current with professional research and regu-
larly refine their practices in light of both
professional knowledge and personal experi-
ence. Even the most effective mathematics
teachers regularly refine their practice.
Accomplished teachers keep abreast of
changes in mathematics and mathematical
pedagogy through such activities as reading
professional journas, dialoguing with peers,
attending meetings and conferences, and
participating in professional organizations.
They continually participate in professional
development. Whether extending their formal
education or engaging in a self-directed plan,
theseteachers actively pursue ways of enhanc-
ing their own knowledge and skills. They
identify areas for self-improvement and seek
strategies for reaching their educational goals.
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They work actively with colleagues to use
their knowledge and understanding of math-
ematics to enhance student learning.
Although they are alert to new developments
in mathematics, technology, and mathemat-
ics teaching, they do not adopt blindly each
new pedagogical method that becomes popu-
lar. Rather, they respect both new and old
thinking about mathematics teaching. They
filter ideas through the lens of their own
experience and the particular needs of their
students, incorporating new ideas as they fit
their circumstances.

Reflections on Standard X:

Accomplished teachers modify their
teaching practices on the basis of their expe-
riences and the continuous process of self-
examination, using a variety of strategies to
collect data on their own teaching. They aso
gather information from students about the
effectiveness of their teaching. This informa-
tion forms the basis for ongoing improvement
in their knowledge and practice.

o
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Standard Xl:
Families and Communities

Accomplished mathematics teachers support and promote the involvement of
families in their children’s education. They help varied communities understand the

role of mathematics and mathematics instruction in today's world, and—to the
extent possible—they involve these communities in the support of instruction.

Accomplished mathematics teachers
recognize the complexity of the home-
school-student relationship, and they view
families as partners who can encourage chil-
dren to appreciate and value mathematics.
They respect the role of family members as
children’s first teachers and as supporters of
children's growth and development. They
look to families for information about chil-
dren’s strengths, interests, dispositions,
habits, and home life.

Accomplished teachers help family
members learn about key components and
issues of school programs, the significance of
test scores and grades, the consequences of
taking or not taking certain courses, the
reasons for group and class assignments, and
the benefits of planning for future education.
They help families understand mathematics
methodologies other than the ones that they
were taught in school. They often design
homework assignments that will encourage
family discussion of school subjects.
However, these teachers are mindful that not
all students have families to assist them, and
they suggest appropriate options for such
students. Accomplished teachers work with
families to help their children develop good
learning habits and study skills, complete
homework, set goals, and improve perform-
ance. Recognizing the potential benefits to
learning, they invite family members to
participate in their children’s educational
experiences.

Accomplished teachers provide support
and encouragement when students are doing
well and mobilize efforts to help students

who are having difficulty. They strive to
include family members as educational part-
ners, they advise family members of student
progress on aregular basis, and they respond
to family concerns. They help family
members know the short- and long-term
goals and objectives of mathematics instruc-
tion, and they inform them about available
materials and programs that will broaden
their students’ mathematical experiences.
Accomplished teachers redlize that the
best support for good mathematics instruc-
tion often comes from informed family
members. They recognize the difficulties
inherent in engaging families at a time when
their children are striving for independence
as young adults. These teachers also create
activities designed to help families recognize
the connections between mathematics educa-
tion and their children’s future lives. These
might include creating a welcoming environ-
ment that encourages family members to
visit the school and learn about mathematics
education; working with family advisory
groups, supporting mathematics fairs and
other events that alow students to demon-
strate their mathematical skills; involving
family members in career days; and helping
students explore career opportunities.
Accomplished teachers work proactively
to help students, families, and the community
at large understand the role of mathematics
and mathematics instruction. They reach
beyond the families of their students to the
community at large; help community
members become aware of, supportive of,
and involved in the school mathematics
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program; and help the school stay in touch
with the needs, interests, and ideas of the
community. They recognize that community
members can extend students experiences
with mathematics and support the instruc-
tional program in general, for example, by
serving as mentors. They invite these people
to the school, and they develop close ties
with them.

Accomplished teachers make use of
community resources. They might partner
with business, industry, and other agenciesto
secure internships, funding, resources, or
presentations to gain firsthand knowledge of
mathematics at work in the world and inte-
grateit into the curriculum. They might invite

Reflections on Standard XlI:

business and industrial workers to discuss
their work—how it involves mathematics and
what training and background are needed for
such work—with students and educators.
They might plan programs designed to inform
parents about the mathematics program and
show parents how they can help their students
a home. Or they might arrange tours of
industrial and business sites where students
and teachers can learn firsthand how mathe-
matics is used in everyday applications.

7
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Standard XllI: Contributing to
the Professional Community

Accomplished mathematics teachers collaborate with peers and other education
professionals to strengthen their school’'s programs, advance knowledge, and

contribute to improving practice within the field.

Accomplished mathematics teachers do
not work in isolation; they are members
of learning communities. They contribute to
the quality of practice of their peers and to
the design of the community’s overall
instructional program. They collaborate with
parents, colleagues, and other members of
the community in the education of adoles-
cents and young adults.

Seeing themselves as partners with other
teachers, accomplished teachers are dedi-
cated to improving the profession. They care
about the quality of teaching in their schools,
and—to this end—their collaboration with
colleagues is continuous and explicit. For
example, they may work with preservice
teachers, serve as mentors to new teachers, or
participate as peer coaches for experienced
teachers.

Accomplished teachers work effectively
with other school professionals to make
students feel part of a community with a
coherent ethos and to help them integrate
knowledge across the disciplines in areas of
applications, connections, and extensions.
For example, they may work with language
arts teachers to share ideas on communica-
tion skills and writing in mathematics; with
social studiesteachers on incorporating prob-
lem solving or data analysis; with visual arts
teachers on spatial relationships and graphic
representation; and with science teachers on
investigations and analyses.

Since accomplished teachers are dedi-
cated to their students and to their learning of

mathematics, the focus of their contribution
to the larger learning community often
revolves around curricular or assessment
issues. These may include periodically
reviewing district and school curricula to
help ensure that they are thoughtfully organ-
ized, consistent with the profession’s views
of best practices, and tailored to the students
and the community they serve; reviewing
external testing instruments and practices in
their school or district and analyzing their
alignment with the goals of the mathematical
community and the mathematical goals of
the school and the classroom; and serving as
advocates for the appropriate use of sound
internal assessment instruments and quality
curriculum.

As an extension of their local responsibili-
ties, accomplished teachers often engage in a
wide range of professiona activities. They
make productive contributions to the advance-
ment of their field through active participation
in professional organizations at the local, state,
regional, and national levels. They work to
support the improvement of mathematics
education and the professional growth of
mathematics teachers at al levels. Such
commitment iscentral to their dedicationto the
qudlity of their practice and to the advance-
ment of mathemeatics education.

7
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Reflections on Standard XII:
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Epilogue &

he 12 standards in this report represent a professional consensus on the characteris-

tics of accomplished mathematics practice and provide a profile of the accomplished
Adolescence and Young Adulthood/Mathematics teacher. Although the standards are
challenging, they are upheld every day by teachers like the ones described in these pages,
who inspire and instruct the nation’s youth and lead their profession. By publishing this
document and offering National Board Certification to mathematics educators, NBPTS
aimsto affirm the practice of the many teachers who meet these standards and challenge
others to strive to meet them. Moreover, NBPTS hopes to bring increased attention to
the professionalism and expertise of accomplished mathematics educators and in so
doing, pave the way for greater professional respect and opportunity for these essential
members of the teaching community.

In addition to being a stimulus for self-reflection on the part of teachers at all levels
of performance, Adolescence and Young Adulthood/Mathematics Standards is intended
to be a catalyst for discussion among administrators, staff developers, and others in the
education community about accomplished practice in this field. If these standards can
advance the conversation about accomplished teaching, they will provide an important
step toward the NBPTS goal of improving student learning in our nation’s schools.
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The core propositions of the
National Board for Professional Teaching Standards

1) Teachers are committed to students
and their learning.

2) Teachers know the subjects they teach
and how to teach those subjects
to students.

3) Teachers are responsible for managing
and monitoring student learning.

4) Teachers think systematically about
their practice and learn from
experience.

5) Teachers are members of learning
communities.
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