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Key Questions

What is procedural fluency?

What instructional practices promote
students’ development of procedural
fluency?

How can | implement these practices in my
classroom?
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Discuss with a Shoulder
Partner

What does it mean to be
fluent with computational
procedures?
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What is Procedural
Fluency?

Which students demonstrate
procedural fluency? Evidence for
your answer?

e Alan
e Ana
« Marissa
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Alan

1000 - 98 100 - 18

https://mathreasoninginventory.com/Home/VideolLibrary

v
Source: The Marilyn Burns Math Reasoning Inventory (1\) NATIONAL COUNCIL OF
TEACHERS OF MATHEMATICS




Ana

1000 - 98 99 + 17

https://mathreasoninginventory.com/Home/VideolLibrary

v
Source: The Marilyn Burns Math Reasoning Inventory (1\) NATIONAL COUNCIL OF
TEACHERS OF MATHEMATICS




What is Procedural
Fluency?
Which students demonstrate

procedural fluency? Evidence for
your answer?
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Procedural Fluency

« Efficiency—can carry out easily, keep
track of subproblems, and make use of
intermediate results to solve the problem.

 Accuracy—reliably produces the correct
answer.

* Flexibility—knows more than one
approach, chooses appropriate strategy,
and can use one method to solve and
another method to double-check.
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Marissa

295 students, 25 on each bus

v
Source: The Marilyn Burns Math Reasoning Inventory (1\) NATIONAL COUNCIL OF
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Procedural Fluency

Efficiency—can carry out easily, keep
track of subproblems, and make use of
intermediate results to solve the problem.

Accuracy—reliably produces the correct
answer.

Flexibility—knows more than one
approach, chooses appropriate strategy,
and can use one method to solve and
another method to double-check.

Appropriately—knows when to apply a
particular procedure.
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Principles to Actions

How Can We Develop Students’
Proficiency?
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Strands of Mathematical Proficiency

Conceptual Understanding — comprehension of
mathematical concepts, operations, and relations

Procedural Fluency — skill in carrying out procedures
flexibly, accurately, efficiently, and appropriately

Strategic Competence — ability to formulate,
represent, 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.
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Strands of Mathematical Proficiency

Conceptual
Understanding

Productive

- \/Disposition

—s P ET f\

Adaptive % V/’ Procedural
Reasoning ;/ ] Fluency

NRC (2001). Adding It Up. Washington, D.C..
National Academies Press.
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What Research Tells Us

 When procedures are connected with the
underlying concepts, students have better
retention of the procedures and are more
able to apply them in new situations

« Informal methods — general methods —
formal algorithms is more effective than
rote instruction.

 Engaging students in solving challenging
problems is essential to build conceptual
understanding.
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Principles to Actions: Ensuring
Mathematics Success for All

Guiding Principles for School
Mathematics

1. Teaching and Learning
2. Access and Equity Essential
3. Curriculum Elements

' » of Effective
4. Tools and Technology Math
5. Assessment Programs
6

. Professionalism
0\0)
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Teaching and Learning Principle

An excellent mathematics program requires
effective teaching that engages students in
meaningful learning through individual and
collaborative experiences that promote their
ability to make sense of mathematical ideas

and reason mathematically.
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Effective
Mathematics Teaching Practices

Establish mathematics goals to focus learning.

Implement tasks that promote reasoning and
problem solving.

Use and connect mathematical representations.
Facilitate meaningful mathematical discourse.
Pose purposeful questions.

Build procedural fluency from conceptual
understanding.

7. Support productive struggle in learning
mathematics.

8. Elicit and use evidence of student thinking.

N =

U AW
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Effective
Mathematics Teaching Practices

Establish mathematics goals to focus learning.
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problem solving.

Use and connect mathematical representations.
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Build Procedural Fluency from
Conceptual Understanding

Procedural Fluency should:

« Build on a foundation of conceptual
understanding;

« Result in generalized methods for
solving problems; and

 Enable students to flexibly choose
among methods to solve contextual
and mathematical problems.

0.0
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“Fluency builds from initial
exploration and discussion of
number concepts to using informal
reasoning strategies based on
meanings and properties of the
operations to the eventual use of
general methods as tools in solving
problems.”

Principles to Actions (NCTM, 2014, p. 42) (X)
NCTM
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Candy Jar Problem

A candy jar contains 5 Jolly Ranchers (squares) and 13
Jawbreakers (circles). Suppose you had a new candy jar with
the same ratio of Jolly Ranchers to Jawbreakers, but it
contained 100 Jolly Ranchers. How many Jawbreakers
would you have? Explain how you know.

e Please work this problem as if you were a seventh grader.
 When done, share your work with a neighbor.

What mathematical content does this task support?
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Principles to Actions

Candy Jar Problem ‘

Group 1 Groups 3 and 5 Groups 4 and 7
(incorrect, additive) (scale factor) (scaling up)

100 JRs is 93 more than the } we siarted You had io multiply the five I 1B K 1B

with. S0 we will need 95 more JBs than the JRs by 20 to get 100, 50 vou'd ] L] k] 143

: e = e R 10 16 ol 136

13 we startedwith. also have to multiply the I3 G 10 5 180

JBs by 20 to get 260. 0 7 70 157

5JBs+95JRs=100JR= PA ] [ T3 193
13 JBs+ 95 JBs= 108 JBs (x 20) 30 T8 50 208 |

5 IRs 100 JR= 33 9l 82 221

, 40 4 1] 134

o Bt SN i 13 7 |55 | 2%

(x 20) 30 T30 T00 T80

Group 2 (unit rate) Group 6 (scaling up)

Since the ratio is 3 JRs for 13 JBs, we
divided 13 by § and goi 2.6. So that would
mean that for every I JR there are 2.6 JBs.
So then vou just multiply 2.6 by 100.
(= 100)
1JE.. ___» 100JEs
26JBs—» 260]Bs
(= 100)

JBz | 5 10 20 40 20 100
JBs | 13 26 52 104 | 208 | 260

We staried by doubling both the number of JRs and JBs. Bui then
whenwe gotto 80.JRs, we didn 't wani to double it anymore
because we wanted to end up at 100 JRs, and doubling 80 would
give us too many. So we noticed that ifwe added 20 JRs:32 JBs and
80 JRs:208 JBs, we would gei 100 JR5:260 JBs.

Group § (scaling up)

We drew 100 JRs in groupsof 3. Then we pui I3 JBs witheach group of 3 JRs. We then counted the number of

JB= and foundwe had used 260 of them.
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Procedural Fluency

Extending learning from the original Candy Jar
Task:
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Procedural Fluency

Unit Rate

Scalg Factor
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Building Procedural Fluency

Finding the Missing Value

Find the value of the _
unknown in each of the What might we expect

proportions shown below. Students to be able to do
when presented with a

5 , g 7 missing value problem,

- — after they have had the
2 10 4 B opportunity to develop a
n 3 W b set of strategies through
g 12 - solving a variety of

e 3 contextual problems like

LI i 4 the Candy Jar Task?
20 d X 2B
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Developing Procedural
Fluency

1. Develop conceptual understanding
huilding on students’ informal
Knowledge

2. Develop informal strategies to
solve problems

3. Refine informal strategies to
develop fluency with standard
methods and procedures
(algorithms)

0
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Build Procedural Fluency from
Conceptual Understanding

What are teachers doing?

Providing students with opportunities
to use their own reasoning strategies
and methods for solving problems.

Asking students to discuss and explain
why the procedures that they are
using work to solve particular
problems.

Connecting student-generated
strategies and methods to more
efficient procedures as appropriate.

Using visual models to support
students’ understanding of general
methods.

Providing students with opportunities
for distributed practice of procedures.

What are students doing?

Making sure that they understand and
can explain the mathematical basis for
the procedures that they are using.

Demonstrating flexible use of
strategies and methods while
reflecting on which procedures seem
to work best for specific types of
problems.

Determining whether specific
approaches generalize to a broad class
of problems.

Striving to use procedures
appropriately and efficiently.
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Effective
Mathematics Teaching Practices

Establish mathematics goals to focus learning.

Implement tasks that promote reasoning and
problem solving.

Use and connect mathematical representations.
Facilitate meaningful mathematical discourse.
Pose purposeful questions.

Build procedural fluency from conceptual
understanding.

7. Support productive struggle in learning
mathematics.

8. Elicit and use evidence of student thinking.

N =

v AW
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Implement Tasks that Promote
Reasoning and Problem Solving

Mathematical tasks should:

* Provide opportunities for students to

engage in exploration or encourage
students to use procedures in ways that
are connected to concepts and
understanding;

Build on students’ current
understanding; and

Have multiple entry points.
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Dividing Fractions—Book 1

T R R R T

\Preparing Food

e R

AR

S

There are times when the amounts given in a division situation are not
whole numbers but fractions. First, you need to understand what division of
fractions means. Then you can learn how to calculate quotients when the -
divisor or the dividend, or both, is a fraction.

When you do the division 12 + 5, what does the answer mean?
The answer should tell you how many fives are in 12 wholes. Because there
is not a whole number of fives in 12, you might write:
- = 2
12 + 5 = 2%
Now the question is, what does the fractional part of the answer mean?

2
The answer means you can make 2 fives and § of another five.

\ J L ~ J \ ~ J
b 5

Suppose you ask, “How many %’s are in 14?” You can write this as a division
problem, 14 =+ 7.

- R—

G

S T R P R T DR R T

Dividing a Whole Number by a Fraction

Use written explanations or diagrams to show your reasoning for each part.
Write a number sentence showing your calculation(s).

A.

3

4
oo ———————+—+—+—F—F—F+—+—+—
0 2 4 6 8 10 12 14

D.

Can you make a whole number of % ’s out of 14 wholes?
If not, what does the fractional part of the answer mean? E
As you work through the problems in this investigation, keep these two
questions in mind. .

What does the answer to a division problem mean?

What does the fractional part of the answer to a division problem mean?

Naylah plans to make small cheese pizzas to sell at a school fundraiser.
She has nine bars of cheese. How many pizzas can she make if each
pizza needs the given amount of cheese?

4 1 1
1. 3 bar 2 4 bar 3. 5 bar

4. %bar 5. %bar 6. %bar

Frank also has nine bars of cheese. How many pizzas can he make if
each pizza needs the given amount of cheese?

1 2 3 4
1. 3 bar 2. 3bar 3.3 4. 3
5. The answer to part (2) is a mixed number. What does the fractional
part of the answer mean?

bar bar

. Use what you learned from Questions A and B to complete the

following calculations.

1.12.3 2. 12 +3 3. 12 +3
4'12'6 5'12'6 6.12-6

7. The answer to part (3) is a mixed number. What does the fractional
part of the answer mean in the context of cheese pizzas?

1. Explain why 8 + % =24 and 8 + % = 12.
2. Why is the answer to 8 + % exactly half the answer to 8 + %?

Write an algorithm that seems to make sense for dividing any whole
number by any fraction.

Write a story problem that can be solved using 12 + % Explain why
the calculation matches the story.



Dividing Fractions—Book 2

You can think of dividing by fractions in . ||— [ l" l P 7
L . the same way. For example, 6 + 2 is the Ijm
Dividing Whole Numbers by Fractions same 2  oaves of bread divided into CO L)

groups of . The number of groups you

have, 9, is the quotient.
[T s LI

Notice that to find the answer, you first found the number of thirds by multi-
plying the number of loaves, 6, by the denominator, 3. Then, you divided the
number of thirds by the numerator, 2.

You'll Learn ... In the last section, you learned to multiply whole numbers

= to divide a whole number DY fractions. Now you'll divide whole numbers by fractions. <

by a fraction

The numerator is the
number on top of

: Explére Dividing Whole Numbers by Fractions

... How It's Used G4 % =6X3+2=9 a fraction. The
Structural engineers divide . . denominator is the
whole numbers by fractions Circles and Strips Forever Dividing by a fraction is the same as multiplying by its reciprocal . Reciprocals number on the
ildi di i i . Wh bottom. [Page 287]
when building tunnels. Dividing a Whole Number by a Fraction are numbers whose r}umerators :?nd enom.mators have been switched. en g
S P BT two numbers are reciprocals, their product is 1. B
e« D ber of stri h 3 - A .
W:::’ean:umn;;.r of stnps Squattethe . Dividing Multiplying by reciprocal
1
e Divide the strips into equal pieces. The 3 6+ 2o 9 6X 5= % X %
number of pieces in each strip should 5 -
be equal to the fraction denominator. 12—8
* Circle groups of equal pieces. The number 4 —9
of pieces in each circled group should 6
Vocabulary equal the numerator. 5 Examples
4 e Describe the number of groups circled. Yl
reciprocal 1 Divide: 2 + 3 - YOU
1. Model these problems. | L
5 g 3_2,4 ocal of the ion | Three measurements
a. 6+ 2 b. 7+ oL c. 5+ = d. 4 + = €2+ 3 . 3 - used primarily for cloth
3_,2
3 2 6 6 7 2+5=22 3
_2x14 4773 | include the nail, the
2. When you divide a whole number by a fraction less than 1, is the Lixd  finger, and the span.
quotient larger or smaller than the original whole number? Why? - %or 2% 1 A fingeris equal to 4-12
y o5 i * inches. A span is equal
== - 7 ‘
3. Will 3 5 have a whole-number answer? Explain. | 109 inches.
2 1 nail = % in. of cloth. Find the length of 5 in. of cloth in nails. |
— 9_5_4 . \
e N . . e 5 S===RK= Multiply by the reciprocal. |
Learn | Dividing Whole Numbers by Fractions A f |
. = %Qor 2% Simplify. !
You can think of d!vml_on as tal.(lng a given 3 ||7 | | n 4 St T 2; B |
amount and breaking it down into groups of -inch piece of cloth 1s 23 nails long. |
a certain size. For example, 6 + 2 can be mod- ( ] Try It
eled as 6 loaves of bread divided into groups ” | | [ 3 4 7 3
of 2. The quotient, 3, is the number of groups 4 ” | | ) Divide. a. 4+ 5 b. 1+ 7 c. 10 + e d. 3+ 5

you have.

i~




Principles to Actions

Dividing Fractions—Book 1

) Dividing a Whole Number by a Fraction

Use written explanations or diagrams to show your reasoning for each part.
Write a number sentence showing your calculation(s).

A.

Naylah plans to make small cheese pizzas to sell at a school fundraiser.
She has nine bars of cheese. How many pizzas can she make if each
pizza needs the given amount of cheese?

1 1 1
1. 3 bar 2. Zbar 3. 5 bar
4. % bar 5. %:bar 6. %bar

Frank also has nine bars of cheese. How many pizzas can he make if
each pizza needs the given amount of cheese?
1. %bar 2. %bar 3. %bar 4. gbar

5. The answer to part (2) is a mixed number. What does the fractional
part of the answer mean?

. Use what you learned from Questions A and B to complete the

following calculations.

| 22 53
1.12+3 2.12 + % % Inss
-, - i
4,12+ 3 5. 12 + 2 6. 12+

7. The answer to part (3) is a mixed number. What does the fractional
part of the answer mean in the context of cheese pizzas?

1. Explain why 8 + % =24 and 8 + % = 12.
2. Why is the answer to 8 + % exactly half the answer to 8 + %?

. Write an algorithm that seems to make sense for dividing any whole

number by any fraction.

Write a story problem that can be solved using 12 + % Explain why
the calculation matches the story.
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You'll Learn ...

| to divide a whole number

by a fraction

... How It's Used

Structural engineers divide
whole numbers by fractions

when building tunnels.

Vocabulary

reciprocal

Dividing Fractions—Book 2

Dividing Whole Numbers by Fractions

In the last section, you learned to multiply whole numbers

by fractions. Now you’ll divide whole numbers by fractions. <

Explore @ Dividing Whole Numbers by Fractions

Circles and Strips Forever

Dividing a Whole Number by a Fraction

2
4:2=6
¢ Draw a number of strips equal to the 3
whole number. B
1
e Divide the strips into equal pieces. The 3
number of pieces in each strip should 2
be equal to the fraction denominator.
* Circle groups of equal pieces. The number 4
of pieces in each circled group should 6
equal the numerator. 5
e Describe the number of groups circled.
1. Model these problems.
e <poe s =5 i o 2
a.Ei-3 b.7-2 0.5-6 tl.4-E 9.2-7
2. When you divide a whole number by a fraction less than 1, is the

quotient larger or smaller than the original whole number? Why?

3. Will3 + % have a whole-number answer? Explain.

Learn_' Dividing Whole Numbers by Fractions

J

You can think of division as taking a given

amount and breaking it down into groups of ! |r | |
a certain size. For example, 6 + 2 can be mod- (

eled as 6 loaves of bread divided into groups ” | |
of 2. The quotient, 3, is the number of groups

you have. 3 ” | |

—

i~

You can think of dividing by fractions in
the same way. For example, 6 +  is the
same as 6 loaves of bread divided into
groups of . The number of groups you
have, 9, is the quotient.

(OO -0
(OO
OO -0

Notice that to find the answer, you first found the number of thirds by multi-
plying the number of loaves, 6, by the denominator, 3. Then, you divided the
number of thirds by the numerator, 2.

L2 2=
6+3=6x3+2=9

Dividing by a fraction is the same as multiplying by its reciprocal . Reciprocals
are numbers whose numerators and denominators have been switched. When
two numbers are reciprocals, their product is 1.

Dividing Multiplying by reciprocal
2= 1643
G=g3—9 6X3=T7%3
18
2
=9
Examples
1 Divide: 2 + 3
e Bl
2537173
_2x14
1x3
= %or 2%

2 1 nail = %in. of cloth. Find the length of 5 in. of cloth in nails.

5+ % = -?" X % Multiply by the reciprocal
= %Qor 2% Simplify.

A 5-inch piece of cloth is 2% nails long.

Try It
4 17

s

| TR €. 10 = =5~ d. 3+

i L3
) Divide. a. d4+¢ 7 7

The numerator is the
number on top of
a fraction. The
denominator is the
number on the
bottom. [Page 287]

| il

Three measurements
. used primarily for cloth
include the nail, the

' finger, and the span.

1 A fingeris equal to 4
~ inches. A spanis equal
| to 9 inches.




Dividing Fractions—Standard Algorithm

— — e Dividing Fractions by Fractions
Writing a Division Algnrithm

* Laanon Limk In the last lesson, wow learmed Gy divide whole numbers by

¥ou are ready now to develop an algorithm for dividing [ractions. To get practinms Mo swa'll dyvice Trctons by rctoies, 4

started, you will break division problems into categories and write steps for

cach kind of problem. Then you con see whether there is one “bip” — . ;
algorithm that will solve them sl Explore Dividing Fractions by Fractions

X i : Materiais: |rachon Bars™
Probiem @ Writing a Division Algorithm Wish Upen a Bar
A. 1. Find the quotients in each group below, Diuiging a Fraction by a Fraction
b |
) ) = Uaing a Fraction Bar®, drew and tobel the fies T | '
Group 1 | Group 2 | Group 3 Group 4 fractic
T | 1721 | 5 . 1 A s Undar that, use & Fraczion Bae® o dras o
B S N st | B R o mary diagrams of tha sannad fraction as will fi,
% +12 5 —% f s f ‘1: = 3§ *  Oeseribe the number of disgrams below the
T e T g e T first fraction
= L2 o.1 1.4
558 ++5 573 33 %3
4 1. Meodal pach profiam.
; : ; 2.1 Bk P Tl
2. Deseribe what the problems iy each group have in common. T - “ g 8

3. Make up one new problem t itg i " E s e
AL pro hat fits in cach group. 2. Whar you divide a fraction by g fractian less than 1, why is the

4. Write an algorithm that works for dividing qry two fractions,
inclhuding mixed aumbsars, Test your alzerlthm on the problems in
the table. Il necessary, change vour slgorithm unti] vou think it will
work all the time.

B. Use vour algorithm to divide.

. 4 .'-'l' ; i - l "g o= l
1.'-]-5 2 S-r:"i 3'13'5 4"&-']?!
C. Here is & multiplicalion-division fact family for whole numbers:
SHE=40  EXF=40  M=5=8 A +H=5
1. Complete this multiphcation-division fact family for fractions
1T oy
Tl Vo

2. Check the division answers by using your algoriflun.

D. For each number sentence. ind & value for W that makes the sentence

true. If needed, use tact familics,
xR o g

1.5 ™ 2,4-515 3.‘\._1—3

[

answer bigger than the fraction you sterted with?

3. How bs diiging & fractian By o fraction simviiar to dividing & winle
D= by a fractansd

A, Can vou use Fraction Bare® b divida E + -:;':‘ Explain

Learn | Dividing Fractions by Fractis

When ma divide & whisle rum Miwviding  Multipbemg by Reciprnes!
her by 2 fractiun. yoo get the WL B 7 42

same et 25 if pong bad ool T e

plied the whale nurmaer by the

fraction's recipriscal. This is also =T

true when vau divlds 2 frecten " | | n | | ” |

Iy a fraciian. 1 e



Developing Procedural Fluency
Whole Number Multiplication

1. Develop conceptual understanding
huilding on students’ informal
Knowledge

2. Develop informal strategies to
solve problems

3. Refine informal strategies to
develop fluency with standard
methods and procedures
(algorithms)
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Numbers and Operations in Base Ten

Use place value understanding and properties of operations to add and
subtract.

Use place value understanding and properties of operations to add and
subtract.

Use place value understanding and properties of operations to perform
multi-digit arithmetic.

A range of algorithms may be used.

Use place value understanding and properties of operations to perform
multi-digit arithmetic.

Fluently add and subtract multi-digit whole numbers using the standard
algorithm.

Perform operations with multi-digit whole numbers and with decimals to
hundredths.

Fluently multiply multi-digit whole numbers using the standard algorithm.

Compute fluently with multi-digit numbers and find common factors
and multiples.
Fluently add, subtract, multiply, and divide multi-digit decimals using
the standard algorithm for each operation.
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Make a quick
The Band Concert >Ketch or

diagram of the

Situation.
The third-grade class is responsible for How might
setting up the chairs for their spring band Grade 3

students

approach this
task?

concert. In preparation, they need to
determine the total number of chairs that
will be needed and ask the school’s
engineer to retrieve that many chairs from the
central storage area.

The class needs to set up 7 rows of chairs with
20 chairs in each row, leaving space for a center aisle.

How many chairs does the school’s engineer need

to retrieve from the central storage area? .
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The Band Concert

Jasmine Kenneth Teresa
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Starting Point to Build Procedural

Fluency

The Band Concert
The third-grade class is responsible for setting
up the chairs for their spring band concert. In
preparation, they need to determine the total
number of chairs that will be needed and ask
the school’s engineer to retrieve that many
chairs from the
central storage area.

The class needs to set up 7 rows of chairs with
20 chairs in each row, leaving space for a center
aisle.

How many chairs does the school’s engineer
need to retrieve from the central storage area?

Find the product

5x 20
6 x 80
4 x 70
3 x 50
9x 20
2 X 60
8 x 30

X4
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The Band Concert

Jasmine Kenneth Teresa
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Multiplication Algorithms

Computation of 5 < 544 connected with an area model
549= 500 + 40 + 9

Each part of the region above comesponds to one of the terms in
the computation below.

Bx 540 = B8x(500+40+9)
= HBxbhl+B8x40+8x0
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Multiplication Algorithms

Computation of 36 x 94 connected with an area model
o + 4

The products of like base-ten units are shown as parts of a
rectanguiar region.

CCSS Numbers and Operations in Base-Ten®Pcogmessiomcssprile 20 ematics




Multiplication Algorithms

Computation of 36 x 94: Ways to record general methods

Showing the Recording the camies below
partial products fior icomect place value placement|
04 a4
X 30  inking % 36
24 [6xa | ) ’ - fM
540 iﬁxﬂtenf-l [21]
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What is Meant by
“Standard Algorithm?”

“In mathematics, an algorithm is
defined by its steps and not by the
way those steps are recorded in
writing. With this in mind, minor
variations in methods of recording
standard algorithms are
acceptable.”

Fuson & Beckmann, 2013; NCSM Journal, p. 14
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Multiplication Algorithms

From 30 x4 =120.

2 e 94 =90 + 4

94 36 =30 + 6
X 36 6x 4 = 24
564 690 = 540
782 30x 4 = 120
3384

Fuson & Beckmann, 2013, p. 25 (X) NNNNNNNNNNNNNNNNN |
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)
94
X 36

1564
282

3384

Fuson & Beckmann, 2013, p. 25

94
X 36

Multiplication Algorithms

24
540

120
2700

3384

X4
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A Functions Approach:
Building Upon Informal Knowledge

y =12x + 10
« Solve for y when x = 3, 10, 100.
« Solve 70 = 12x + 10

U.S. Shirts charges $12 per shirt plus $10 set-up
charge for custom printing.

« What is the total cost of an order for 3 shirts?
« What is the total cost of an order for 10 shirts?

« What is the total cost of an order for 100
shirts?

« A customer spends $70 on T-shirts. How many
shirts did the customer buy?

X4
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Procedural Fluency

Efficiency—can carry out easily, keep
track of subproblems, and make use of
intermediate results to solve the problem.

Accuracy—reliably produces the correct
answer.

Flexibility—knows more than one
approach, chooses appropriate strategy,
and can use one method to solve and
another method to double-check.

Appropriately—knows when to apply a
particular procedure.
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Build Procedural Fluency from
Conceptual Understanding

What are teachers doing?

Providing students with opportunities
to use their own reasoning strategies
and methods for solving problems.

Asking students to discuss and explain
why the procedures that they are using
work to solve particular problems.

Connecting student-generated
strategies and methods to more
efficient procedures as appropriate.

Using visual models to support
students’ understanding of general
methods.

Providing students with opportunities
for distributed practice of procedures.

What are students doing?

Making sure that they understand and
can explain the mathematical basis for
the procedures that they are using.

Demonstrating flexible use of strategies
and methods while reflecting on which
procedures seem to work best for
specific types of problems.

Determining whether specific
approaches generalize to a broad class
of problem:s.

Striving to use procedures appropriately
and efficiently.
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Effective
Mathematics Teaching Practices

Establish mathematics goals to focus learning.

Implement tasks that promote reasoning and
problem solving.

Use and connect mathematical representations.
Facilitate meaningful mathematical discourse.
Pose purposeful questions.

Build procedural fluency from conceptual
understanding.

7. Support productive struggle in learning
mathematics.

8. Elicit and use evidence of student thinking.

N =

U AW

X4
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The Title Is Principles to Actions

Your Actions?

X4
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Thank Youl!

Diane Briars
dbriars@nctm.org




