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BUILDING MATH METACOGNITION IN THREE EASY STEPS

by Robert Crowe

VX

In this article you will learn:

* Why mathematics standards were intentionally designed with two types: Standards for
Mathematical Content and Standards for Mathematical Practice.

 Building metacognition in math can be achieved when teachers understand and integrate the
content and practice standards, determine the grade-level progressions of the practice
standards, and support students to use these practices on a daily basis through direct
conversations about math.

e Itis imperative that we teach our students to think like mathematicians by asking questions
that foster metacognition and teach them to speak like mathematicians when making
ownership statements that demonstrate that they are actively integrating both cognitive and
metacognitive skills, both mathematical content and mathematical practice.
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We know that students who have a gap between doing math and thinking like a mathematician will
struggle with mathematics. And as students move through the grades, if we don’t do something to
fill in the gap, it will just keep getting bigger and bigger.

“For students to become more metacognitive, they must be taught the concept and its
language explicitly....Metacognition is not generic, but instead is most effective when it is
adapted to reflect the specific learning contexts of a specific topic, course, or discipline.”
(Chick, 2017)

The research shows that these cognitive and metacognitive skills are interconnected and
interdependent. That's why the mathematics standards were intentionally designed with two types:
Standards for Mathematical Content and Standards for Mathematical Practice. The standards
brought together a vast array of research to clearly state the importance of simultaneously
developing conceptual understanding, computational fluency, and problem-solving skills. But what
the standards were not clear on is how to integrate the two types and what the mathematical
practices look like as students progress from grade to grade.

So, how do we better integrate these practices that in turn support metacognition and ensure we
are meeting students’ developmental needs? There are three steps we must take.

1) Value the Two Types of Standards

First, we need to understand the value of both types of standards. By articulating both content and
practice, the standards define both what students should know and be able to do in mathematics
and how they should be thinking and speaking about mathematics.
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teachers, it is important that we deeply understand the standards themselves, their issues, and the
processes involved—to think about the thinking—and thereby help students develop the necessary
conceptual understandings as well as the procedural and metacognitive skills required to be
successful with math. That's what the learning progressions support, which leads us to the second
step...

2) Determine the Progressions of the Mathematical Practices

Second, we need to clearly understand the grade-level expectations of each of the Standards for
Mathematical Practice.
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eight Standards for Mathematical Practice have focus. They are the same for all grade levels. They
have rigor. They represent ways that students can engage with and think about mathematics. But
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they lack coherence—the careful, deliberate, and progressive development of ideas based on how
students’ mathematical knowledge, skill, and understanding develop over time.

Although they have been narrowed to a manageable number and each one has a description of
processes and proficiencies that mathematically proficient students should engage in, the
descriptions are not clear or specific enough to provide concrete guidance on how they develop
over time or how to support them from grade to grade.

So, we need to look at the Learning Progressions of the grade-level expectations for each Practice.
For example,
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~ Make sense of problems and persevere in solving them.

Mathematically proficient students start by explaining to themselves the meaning of a problem
and looking for entry points to its solution. They analyze givens, constraints, relationships, and
goals. They make conjectures about the form and meaning of the solution and plan a sclution
pathway rather than simply jumping info a solution attempt. They consider analogous problems,
and try special cases and simpler forms of the original problem in order fo gain insight info

its solution. They monitor and evaluate their progress and change course if necessary. Older
students might, depending on the contfext of the problem, transform algebraic expressions or
change the viewing window on their graphing calculator fo get the information they need.
Mathematically proficient students can explain correspondences between equations, verbal
descriptions, tables, and graphs or draw diagrams of important features and relationships, graph
data, and search for regularity or trends. Younger students might rely on using concrete objects
or pictures to help conceptualize and solve a problem. Mathematically proficient students check
their answers to problems using a different method, and they continually ask themselves, "Does
this make sense?” They can understand the approaches of others to solving complex problems
and identify correspondences between different approaches.

FIRST | In first grade, students realize that doing mathematics involves solving problems
GRADE and discussing how they solved them. Students explain to themselves the
meaning of a problem and look for ways to solve it. Younger students may use
concrete objects or pictures to help them conceptualize and solve problems.
They may check their thinking by asking themselves, "Does this make sense?”
They are willing to try other approaches.

In grade 6. students solve praoblems involving ratios and rates and discuss how
they solved them. Students solve real world problems through the application of
algebraic and geometric concepts. Students seek the meaning of a problem
and lock for efficient ways to represent and solve it. They may check their thinking
by asking themselves, *What is the most efficient way fo solve the problem?”,
"Does this make sense?”, and "Can | solve the problem in a different way?”

High school sfudents start fo examine problems by explaining to themselves the
meaning of a problem and looking for entry points fo its solution. They analyze
givens, constraints, relationships, and goals. They make conjectures about the
form and meaning of the solution and plan a solution pathway rather than
simply jumping into a solufion attempt. They consider qnologous problems, and
try special cases and simpler forms of the original problem in order to gain insight
into its solution. They monitor and evaluate their progress and change course

if necessary. Older students mightf, depending on the context of the problem,
transform algebraic expressions or change the viewing window on their graphing
calculator to get the information they need. By high school, students can explain
correspondences between equations, verbal descriptions, tables, and graphs or
draw diagrams of important features and relationships. graph data, and search
for regularity or trends. They check their answers to problems using different
methods and contfinually ask themselves, "Does this make sense?” They can
understand the approaches of others to solving complex problems and identify
correspondences between different approaches,
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Standard for Mathematical Practice and its description serving as the ultimate goal, the grade-level
expectations provide a clear and cumulative path to mathematical metacognition.

So, is that all we need? No, but it's a beginning.

3) Teach the Skills within the Practices

Third, we need to use step-by-step processes to teach the skills within each practice standard and
then to model and guide students to master the practices. For example, here are the processes for

Practice 1.
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Make sense of problems and persevere in
solving them.

Process to make sense of problems

o Read the problem out loud.

e Identify and clarify each word that tells you
what to do mathematically.

€) Explain the problem in your own words.

0 Explain how you will know you have solved
the problem correctly.

Process to persevere in solving them

o Make a plan for solving the problem.
e Begin to solve the problem.

e Each time you get stuck, identify where you
got stuck.

() Ask for help, as needed.

@ Keep working until you've solved the problem
correctly.

€< can determine what the problem is
asking me to do and not give up until
I've solved it.2?

www.elevatedachievement.com
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Then, it is imperative that we support our students to think like mathematicians by asking questions
that foster metacognition and encourage them to speak like mathematicians when making
ownership statements that demonstrate that they are actively integrating both cognitive and
metacognitive skills, both mathematical content and mathematical practice.

Your task is to support students to use these practices on a daily basis. Your task is to drive this
thinking and this speaking through direct conversations like these...

TEACHER: What is the problem asking you to do?
STUDENT: The problem is asking me to find twelve minus five.
TEACHER: What are some other words you can use to explain the problem?

STUDENT: This is the same as taking five things away from a group of twelve. When | take
away my answer will be smaller.

TEACHER: How do you want to solve it?
STUDENT: / can draw a group of twelve circles, X out five, and count how many are left.
TEACHER: What can you do if you get stuck?

STUDENT: If | get stuck, | can use counters instead of my drawing. The answer is seven, but |
can check my work by adding five plus seven and make sure it equals twelve. Then | know |
have the answer.

TEACHER: How did making sense of the problem and persevering in solving it help you?

STUDENT: / have to think about what the problem is. Then | can try different ways to solve it
until | see the answer is right.

TEACHER: What is the problem asking you to do?

STUDENT: The problem is asking to create a ratio of loaves between two different types
breads.

TEACHER: How could you go about solving the problem?
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STUDENT: / think | need to look at the number of loaves of wheats to the rye bread and
compare them.

TEACHER: What is the most efficient way to solve the problem?

STUDENT: /can set up the comparison by writing the ratio of 5 loaves of wheat bread to 2
loaves of rye bread in math form.

TEACHER: Does this make sense?

STUDENT: When | compare my work to my partner’s, she got the same ratio, so | know this
makes sense.

TEACHER: How did making sense of the problem and persevering in solving it help you?

STUDENT: /t helped me to understand what the problem is really asking me to do. Then, |
could figure out how to solve it and then to work on it until it was finished.

TEACHER: What is the problem asking you to do?

STUDENT: The problem is asking me to find the slope of a line using two sets of points.
TEACHER: What information are you given in the problem?

STUDENT: / was given the two ordered pairs which are four, two and three, sixteen.
TEACHER: How will you use those ordered pairs to find the slope of the line?

STUDENT: / start by reminding myself that in an ordered pair, the first number represents x
and the second represents y. | also remember that slope is defined as rise over run and that
rise over run is change in'y divided by change in x which also called m. This forms the formula
for slope. | substitute the two sets of points given in the problem into that formula and | can
solve the problem.

TEACHER: What other strategies might you try?

STUDENT: / can solve it another way by graphing, which I've done before. Understanding
various approaches to solutions is important because it helps me make better sense of what
I'm doing and helps me to persevere if | struggle.

TEACHER: How did making sense of the problem and persevering in solving it help you?
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STUDENT: /t helped me to understand what the problem is really asking me to do. Then, |
could figure out how to solve it and work on it until it was finished.

These are just a few examples of “what students are
thinking and saying” as they demonstrate application of
the practices. As these examples show, students are
learning the language of mathematics and the grade-
level math content at the same time they are learning
the metacognitive skills of examining and applying their
own reasoning.

Can you imagine having mathematical conversations like these with your students? When you are
integrating the practices into your daily math instruction, you will.

Continue the Learning
Check out these articles and resources to continue your learning about this topic...
e Qur Article, “Why Teach the Mathematical Practices?”

e A Sample from Our Guide for Teachers, The Practices in Action
» Our Guide for Teachers, The Practices in Action

The Learning Brief

In this article you learned...

» Why mathematics standards were intentionally designed with two types: Standards for
Mathematical Content and Standards for Mathematical Practice.

* Building metacognition in math can be achieved when teachers understand and integrate the
content and practice standards, determine the grade-level progressions of the practice
standards, and support students to use these practices on a daily basis through direct
conversations about math.

e |t is imperative that we teach our students to think like mathematicians by asking questions
that foster metacognition and teach them to speak like mathematicians when making
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metacognitive skills, both mathematical content and mathematical practice.
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