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Attached you will find documents as requested by Board of Education members
regarding the mathematics curriculum. Those include:

Research and articles of reference

Sample of grade 4 resources with supporting materials
List of assessments administered to preschool-grade 2
Student achievement results

PK-12 continuum of mathematics domains and standards
o 2013-2014 proposed mathematics budget
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Research and Articles for Reference

The attached research and articles are a sampling of what was used to guide the development
of our curriculum, instructional model and District Texthook Review Committee work.

Mathematical Proficiency

-Adding it Up — National Research Council, 2001

Researchers identified five mathematical proficiencies to capture what they think it means to be
mathematically proficient: conceptual understanding, procedurally fluency, strategic competence,
adaptive reasoning, and productive disposition. “One of the most serious and persistent problems
facing school mathematics in the United State is the tendency to concentrate on one strand of
proficiency to the exclusion of the rest.” p. 11

What Is Important in Early Childhood Mathematics
-National Council of Teachers of Mathematics position, 2007
It is important to engage young children in meaningful mathematics in deep and sustained ways.

What's All this Talk About Rigor?
-National Council of Teachers of Mathematics President Linda M. Gojak, 2013
This article explains what rigor looks like in a mathematics classroom:.

Big Ideas and Understandings as a Foundation for Elementary and Middle School Mathematics -
-National Council of Supervisors of Mathematics Journal Spring Summer, 2005

Big fdeas in mathematics inform the development of the instructional model and coherence in the units
in grades 3 —5.

K-8 Publishers’ Criteria for the Common Core State Standards for Mathematics

~National Governors Association et al,, 2012

This article provides a set of criteria when reviewing resources to align with the Common Core State
Standards.

Common Core State Standards {CCSS) for Mathematics, 2010
CCSS were adopted by Connecticut in July of 2010.



Mlatiramaticzal Proficiemcy

Our analyses of the mathematics to be learned, our reading of the research
in cognitive psychology and mathematics education, our experience as learners
and teachers of mathematics, and our judgment as to the mathematical knowl-
edge, understanding, and skill people nced today have led us to adopt a
composite, comprehensive view of successful mathematics learning. Recog-
nizing that no term captures completely all aspects of expertise, competence,
knowledge, and facility in mathematics, we have chosen mathematical Drofi-
clency to capture what we think it means for anyone to learn mathematics
successfully. Mathematical proficiency, as we see it, has five strands:

©  concepial undersianding—comprehension of math-

Conceptual

ematical concepts, operations, and relations Understanding
®  procedural flwency—skill in carryi t procedures Chiategio Productive
. b “ f @}' killin ylng O?"l P Competence Disposition
flexibly, accurately, ctiiciently, and appropriately Adaptive Proceduras
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©  Slrafegie compefence—ability to formulate, repre- e o )"'7'/ vency

sent, and solve mathematical problems

°  adaptive reasoning—capacity for logical thought,
reflection, explanation, and justification

©  productive disposition—habitual inclination to see
mathematics as sensible, useful, and worthwhile, coupled
with a belief in diligence and one’s own efficacy.

'T'he most important observation we make about these
five strands 1s that they are interwoven and interdependent. 2N
T'his observation has implications for how students acquire Intertwined Strands of Proficiency
mathematical proficiency, how teachers develop that profi-
ciency in their students, and how teachers are educated
to achieve that goal.
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Children begin learning mathematics well before they enter elementary
school. Starting from infancy and coniinuing throughout the preschool period,
they develop a base of skills, concepts, and misconceptions. Atall ages, stu-
dents encounter quantitative situations outside of school from which they
learn a variety of things about number. 'Their experiences include, for
example, noticing that a sister received more candies, counting the stairs
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The
overriding
premise of

our work
is that
throughout
the grades
from pre-K
through 8
I students
can and
should be
thematically
proficient,

Berwvelopimg Proficiemoy fm
Teacihing Mathematics

Proficiency in teaching mathematics is related to effectiveness: consis-
tently helfing students learn worthwhile marhematical content. Italso entails
%rersatility: being able to work effectively with a wide variety of students mn
different environments and across a range of mathematical content. Despite
the common myth that teaching is little more than commeon sense of that
some people are just born teachers, effective teaching practice can be learned.
Just as mathemarical proficiency itself involves interwoven strands, teaching
for mathematical proficiency requires similarly interrelated components: con-
ceptual understanding of the core knowledge of mathematics, students, and
instructional practices needed for teaching; procedural fluency in carrying out
basic instructional TOULINeS; Styategic competence in planning effective instruc-
tion and solving problems that arise while teaching; adaprive reasoning in
justifying and explaining one’s practices and in reflecting on those practices;
and a productive disposition toward mathematics, teaching, learning, and the
improvement of practice. _

Effective programs of teacher preparation and professional development
help teachers understand the mathematics they teach, how their students
learn that mathematics, and how to facilitate that learning, In these pro-
grams, teachers are not given prescriptions for practice or readymade solu-
tions to teaching problems. Instead, they adapt what they are learning to
deal with problems that arise in their own teaching,

Recommendmtions

As a goal of instruction, mathematical proficiency provides a better way
to think about mathematics learning than narrower views that leave out key
featuses of what it means to'know and be able to do mathematics. It takes
time for proficiency to develop fully, but in every grade in school, students
can demonstrate mathematical proficiency in some form. The overriding
premise of our work is that throughout the grades from pre-K through 8
all students can and should be mathematically proficient.

School mathematics in the Unired States does not now enable most Stu-
dents to develop the strands of mathematical proficiency in a sound fashion.
Proficiency for all demands that fundamental changes be made concurrently
in curriculiim, instructional materials, assessments, classroom practice, teacher
preparation, and professional development. These changes will require con-
tinuing, coordinated action on the part of policy makers, reacher educators,




teachers, and parents. Although some readers may feel that substantial ad-
vances are already being made in reforming mathematics teaching and learn-
ing, we find real progress toward mathematical proficiency to be woefully
inadequate. '

These observations lead us to five principal recommendations regarding
mathematical proficiency that reflect our vision for school mathematics. The
full report augments these five with specific recommendations that detail
policies and practices needed if all children are to become mathematically
proficient.

s The integrated and balanced development of all five strands of
mathematical proficiency {(conceptual understanding, procedural flu-
ency, strategic competence, adaptive reasoning, and productive dispo-
sition) should guide the teaching and learning of school mathematics.
Instruction should not be based on extreme positions thaf students learn,
on one hand, solely by internalizing what a teacher or book says or, on
the othier hand, solely by inventing mathematics on their owmn.

One of the most serious and persistent problems facing school math-
ematics it the United States is the tendeney to concentrate on one strand of
proficiency to the exclusion of the rest. Fortoo long, students have been the
victims of crosscurrents in mathematics instruction, as advocates of one learn-
ing goal or another have attempted to control the mathematics to be taught
and tested. "We believe that this narrow and unstable treatment of math-
ematics is, im part, responsible for the inadequate performance that U.S.
students display en national and international assessments. Our first recom-
mendation is that these crosscurrents be resofved into an integrated, balanced
treatment of all strands of mathematical proficiency at every point in teach-
ing and learning, .

Although we endorse no single approach, we contend that instruction
needs to configure the relations among teachers, students, and mathematics
in ways that promiote the development of mathematical proficiency. Under
this view, significant instruetional time is devoted to developing concepts
and methods, and carefully directed practice, with feedback, 1s used to support
learning. Discussions build on students’ thinking. They attend to relation-
ships between problems and solutions and to the nature of justification and
mathematical argument. All strands of proficiency can grow 1n a coordinated,
interactive fashion.
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What Is Important in Farly Childhood Mathematics?
A Position of the National Council of Teachers of Mathematics

Question
‘Why is mathematics important for early childhood leamers?

NCTM Position

The National Council of Teachers of Mathematics affirms that a high-quality,
challenging, and accessible mathematics education provides early childhood learners with
a vital foundation for future understanding of mathematics. Young children in every
setting should experience effective, research-based curricula and teaching practices. Such
practices in turn require policies, organizational support, and resources that enable
teachers to do this challenging and important work.

Increasing numbers of young children are in settings where they can encounter
mathematics in experiences that build on one another, expanding early understanding
sequentially, in developmentally appropriate ways. Research on children’s learning in the
first six years of life validates the importance of early experiences in mathematics for
lasting positive outcomes. A growing body of research also supports curricular resources
for early mathematics, Teacher preparation programs, education agencies, policymakers,
and other partners must commit resources and mobilize to support teachers and
collaborate in developing effective early childhood mathematics programs.

In a high-quality mathematics program for early childhood leamers, teachers and
caregivers can enhance children’s natural interest in mathematics and their instinct to use
it to organize and make sense of their world. Mathematical experiences for young
children should take advantage of familiar contexts, building on relationships within
families, linguistic and cultural backgrounds, and the informal knowledge of early
learners. Mathematics curricula and teaching practices should rest on a solid
understanding of both mathematics and the development of young children.

Teaching practices should strengthen young children’s problem-solving and reasoning
abilities in experiences that are both informal and involve more formal, prepared
materials. Teachers should connect ideas within mathematics as well as with other
subjects, and they should encourage children to communicate, explaining their thinking
as they interact with important mathematics in deep and sustained ways. Finally, early
childhood educators should actively introduce mathematical concepts, methods, and
language through a range of appropriate experiences and teaching strategies. These
should be monitored by observation and other informal evaluations to ensure that
instructional decisions are based on each child’s mathematical needs.

Teacher education programs should give attention to the mathematics component of early
childhood programs, and continuing professional development opportunities should
support high-quality mathematics education. The development of institutional policies
that promote teachers’ mathematical learning, teamwork, and planning can provide the
necessary resources to overcome the classroom, community, institutional, and system-
wide barriers to young children’s mathematical proficiency. Such initiatives will ensure
the future of young children, who are our next generation of mathematics learners.

September 2007



What’s All This Talk about Rigoxr?

By NCTM President Linda M. Gojak
NCIM Summing Up, February 5, 2013

Recently, I had a conversation with a group of math coaches who are working with
elementary teachers on implementation of the Common Core Standards for
Mathematics. The discussion turned to a deseription of rigor in the classroom. The
coaches commented that many of their teachers were confused by exactly what was
meant by teaching and leaming with rigor. The coaches weren’t sure how to respond.

Rigor in the Common Core State Standards

The word “rigor” is widely used in policy discussions, but it’s rarely understood or defined, and often it
merely passes as code for “better.” It is interesting that the term “rigor” does not appear in the Commeon
Core State Standards for Mathematics, although it is certainly implied. “Rigor” appears multiple times in
the U.S. Departinent of Education’s paper, “A Blueprint for Reform: The Reauthorization of the
Elementary and Secondary Education Act,” as well as its recent document, “ESEA Flexibility”—both of
which include a call for rigorous academic content standards.

Rigor in Tnstruetion .

The coaches and I began our work of exploring the notion of rigor with an online search of the word
“rigor.” The thesaurus Ied us to a list of synonyms, including “affliction,” “inflexibility,” “difficulty,”
“severity,” “rigidity,” “suffering,” and “traditionalisimn™—none of which describe characteristics of
rigorous mathematics instruction. No wonder the teachers were confused! However, two additional words
included in the list—“thoroughness”and “tenacity”™—provided avenues for some serious thought about
what “rigor”implies. We generated the following chart, which led to an interesting discussion with the
classroom teachers. There are certainly other characteristics that can be added to the list.

Learning experiences Experiences that do

that involve rigor ... not involve rigor ...
challenge students |  lare more “difficult,” with no puxpose (for éxample,
adding 7ths and 15ths without a real context)
?nrequire effort and tenacity by students | requlremlmmal effort S
: Efocus on quality {xich tasks) focus on quantity (more pages to do)

melude entry points and extensions for all students |are offered only to gifted students - |

are not always tidy, and can have multiple paths to iare scripted, with a neat path to a solution
possible solutions

provide connections among mathematical ideas do not connect to other mathematical ideas

contain rich mathematics that is relevant to students |contain routine procedures with little relevance

develop strategic and flexible thinking follow a rote procedure
_ iencourage reasoning and sense making require memorization of rules and procedures
: without understanding

expect students to be actively involved in their own |often involve teachers doing the work while
learning - istudents watch




Rigor Involves Everyone
Rigor involves all partners in teaching and learning. Teachers must consider rigor in planning lessons,

tasks, and assignments. Rigorous lessons build on and extend prior knowledge. They encourage
productive strugpling. Although the objective of a lesson should be clear in the teacher’s mind, the lesson
should not focus on one correct path to a solution or even one correct answer. A rigorous lesson embraces
the messiness of a good mathematics task and the deep learning that it has the potential to achieve.

Students who are successful in a rigorous leaming environment take responsibility for their learning. They
learn to reflect on their thinking. They persist in solving a problem when the path to sohution is not
immediately obvious. They recognize when they are not on the correct path and need to switch directions
during the solution process. Students must learn to ask productive questions rather than expecting to be
shown how to proceed. (And, teachers must answer those questions with just enough information to move
students forward while preserving the challenge of the task!

Rigorous teaching and learning require rigorous formative assessment throughout a unit so the teacher
knows what the student has learned and can plan additional activities, or adjust them, to address student
needs. Students also have a role in formative assessment—they must approach tasks with tenacity and ask
clarifying questions when they are unsure how to proceed. All assessments must include opportunities for
students to demonstrate the processes and practices in their approach to doing mathematics. Good
formative assessment can be incorporated into daily instruction and prepare students for the summative
assessments that take place at certam points throughout the unit of study.

Moving toward Rigor
How can we support classroom teachers and pre-service teachers (pre-K—16) in working toward greater

rigor in mathematics instraction? Professional development experiences that model rigor through the use
of rich tasks, rich discourse, and good questions allow feachers to experience rigorous instruction. When
selecting tasks, teachers must be sure that mathematical ideas are explicit and the connections are clear.
The days of a few word problems at the end of multiple skill exercises in the textbook are over! Concepts
must be introduced and explored in contexts that are interesting and motivating for students. Tasks must
provide entry points for all students, offer them well-defined opportunities to make connections to other
mathematics, and include both opportunities and expectations for them to develop deeper understanding.
The focus and coherence of the Common Core State Standards lead the way to rigorous instruction. It is

time for us to begin the journey.



NCSM JOURNAL - SPRING - SUMMER, 2005

Big Ideas and Understandings as the Foundation for
Elementary and Middle School Mathematics

Randall I. Charles, Carmel, CA

ducation has always been grounded on the princi-
-~ ple that high quality teaching is directly linked to
high achievement and that high quality teaching
begins with the teacher’s deep subject matter
knowledge. Mathematics education in the United States
has been grounded on this principle, and most educators
and other citizens have always believed that our teachers
have adequate content knowledge given the high mathe-
matics achievement of our students. Unfortunately, research
conducted in the past ten years has shown that the United
States is not among the highest achieving countries in the
world, and that our teacher’s subject matter knowledge
and teaching practices are fundamentally different than
those of teachers in higher achieving countries.

Research is beginning to identify important characteristics
of highly effective teachers (Ma 1999, Stigler 2004; Weiss,
Heck, and Shimkus, 2004). For example, effective teachers
ask appropriate and timely questions, they are able to
facilitate high-level classroom conversations focused on
important content, and they are able to assess students’
thinking and understanding during instruction. Another,
and the focus of this paper, is the grounding of a teacher’s
mathematics content knowledge and their teaching prac-
tices around a set of Big Mathematical Ideas (Big Ideas).

The purpose of this paper is to initiate a conversation
about the notion of Big Ideas in mathematics. Although
Big Ideas have been talked about for some time, they have
not become part of mainstream conversations about
mathematics standards, curriculum, teaching, learning,
and assessment. Given the growing evidence as to their
importance, it is timely to start these conversations. A defi-
nition of a Big Idea is presented here along with a discus-

sion of their importance. Then a set of Big Ideas and
Understandings for elementary and middle school mathe-
matics is proposed. The paper closes with some sugges-
tions for ways Big Ideas can be used.

In working with colleagues on the development of this
paper I am rather certain that it is not possible to get one
set of Big Ideas and Understandings that all mathematicians
and mathematics educators can agree on. Fortunately, I do
not think it’s necessary to reach a consensus in this regard.
Use the Big Mathematical Ideas and Understandings pre-
sented here as a starting point for the conversations they
are intended to initiate.

What is a Big Idea in mathematics?

Teachers need to understand the big ideas of mathematics
and be able to represent mathematics as a coherent and
connected enterprise. (NCTM, 2000, p. 17)

Teachers are being encouraged more and more through
statements such as the one above to teach to the big ideas
of mathematics. Yet if you ask a group of teachers or any
group of mathematics educators for examples of big ideas,
you'll get quite a variety of answers. Some will suggest a
topic, like equations, others will suggest a strand, like
geometry, others will suggest an expectation, such as those
found in Principles and Standards for School Mathematics
(NCTM, 2000), and some will even suggest an objective,
such as those found in many district and state curriculum
standards. Although all of these are important, none seems
sufficiently robust to qualify as a big idea in mathematics.
Below is a proposed definition of a big idea, and it is the
one that was used for the work shared in this paper.














































































































































































































































































































































































































































