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USA ranked third
in the OECD
sample in per
capita GDP

PISA: Context

Program for International Student Assessment

in the OECD
sample in per
student spending

USA ranked fourth

The share of students |
from disadvantaged
backgrounds is
within the average
range of the OECD
sample




PISA: Results

Program for International Student Assessment

269, of USA
students scored |
below the |
baseline level of
proficiency )

The USA
average score

9% of USA
students scored |
within the top
proficiency level |

was 27t out of
34 countries®

*of OECD participating countries




NAEP: 2015

National Assessment of Educational Progress

Percentage at or above Proficient

National Center for Educational Statistics,



TIMSS

Trends in International Mathematics and Science

US Teachers

Study

Hong Kong, Singapore,

Learning terms and
practicing procedures

Covers 809, of tested
topics

Mile wide, inch deep

How can | teach my
students to get the answer
to this problem?

Instruction
al focus

Pace

Curriculum

Teachers
plan by
asking...

Japan

Structured problem
solving

About half the tested
topics

Greater depth and
coherence

How can | use this
exercise to teach
mathematics they don’t
already know?



International Research




TIMSS Video Studies

® 1995 Video Study

e Japan, Germany, US
® Teaching Style Implicated

® 1999 Video Study

* US, Japan, Netherlands, Hong Kong, Australia,
Czech Rep.

®* |[mplementation Implicated

Stigler & Hiebert, 20




Workspace

—



High Achieving Countries
MAKE CONNECTIONS

United States
TEACHES PROCEDURES



Structures and Connections

What is 42 ?

Procedure versus Structure/Connections
Make a square out of your 4 unit linear side




Workspace

—



Exponents and
CONNECTIONS

\/S_quare Roots!

16=4
The length of
one side!
Geometry and
Measurement
B Pythagorean
Special Triangles
= Trigonometry
Distance Formula




Connections

. AB = V2 = x1)% + (2 — y1)?




Understanding and
Instruction

We can only instruct our students as well as we
understand the mathematics:

The better we understand the math, the better
decisions we will make regarding what the
student needs to achieve and how to instruct the
student!




Defining Issue In
Implementation

..1s the teacher’s OWN
understanding of Mathematics.
Liping Ma (1999)
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What does It mean to divide

6/2="




Consider 6=2... )

Scups  _ 3 servings ocups . - 3 oups
2 cups 2 servings serving

6 6
2 12 2 3 3

Repeated Subtraction Partitive/Unit Rate




Connection to Language / Umts

¢0. 3 ones and 2 ones u u

00 3 tens and 2 tens

80 3 tens and 2 ones
00 3/6 and 2/6

00 3/6 and 2/5




Knowing and Teaching
Elementary Mathematics (Liping Ma)

e Compared and contrasted the pedagogy of
Chinese and American teachers

® Found that American teachers were much
weaker in content and conceptual

Knowledge

® Found American teachers teach

orocedurally rather than being driven by the

ogic of the mathematics (implementation)

® Ma presented information through teacher

responses to elementary math questions




Problem #3 Division of Fractions

1% divided by ¥

Give a Story Problem to show what is
happening with this expression.

Ma, 1999




Division of Fractions Lesson Construction

2
A > 4
1
r'y e 4
— —>
Quantity Mathematical Structure Symbols
Concrete display of concept Discussion of the concrete Simply record keeping!

V. Faulkner and NCDPI Task Force adapted from Griffir,




Division of Fractions

* American teachers’ approach
* Flip and multiply
* Answers don’t match
* Confused division by two with division by one-half

Ma, 1999




Division of Fractions 3

' Chinese teachers’ approach

* Gave a mathematically accurate
story problem

* Explained the mathematics behind
the operation

* Gave multiple mathematical
constructs for division of fractions




Division of Fractions

What does it mean to divide by a
fraction”?

u



Movie Time




For each Cup of Beans—
| get two portions if | divide by 1/2

OO D
OO @

M




Workspace

—



What if | divide by 1/47

*How would my diagram look?
*How many portions would | have?
*Why are my number of portions getting larger?

*How does this idea of quantity tie into the
math structure of proportional reasoning and repeated

subtraction?




Bean Party #2

Serving Size: 1/2 cup of Beans
How many servings can be made from:

1 cup of beans
2 cups of beans
3 1/2 cups of beans




Bean Party #3

How many 2 cup servings can be made from:

* 8 cups of beans

\

(\%@
* 5 cups of beans -—Y/

- Which one is harder for students?
- What would the mathematical sentence look like?




What About Leftover Beans?

8 cups of beans + 2 cup servings = 4 servings of 2 cups each

9 cups of beans + 2 cup servings # 4 servings remainder 1




Leftover Beans

9 cups of beans + 2 cup servings =

4 servings of 2 cups AND 1 cup of a 2 cup serving




Leftover Beans

9 cups of beans + 2 cup servings =

4 > groups of 2 or 4 V2 servings

. —



Division of Fractions: Bean Party!
Division as Repeated Subtraction

»
Ll |

A

“Why does this
constant amount of
beans “looks like it
is getting bigger”’?

Division as repeated
subtraction

2% [ %

Quantity Mathematical Structure Symbols
Concrete display of Discussion of the concrete  Simply record keeping!
concept

V. Faulkner and DPI Task Force adapted from
Griffin




in the Early Elementary Years

To help children understand the
concrete concept that an abstract
orthographic symbol represents,
let's apply the same motives we

use for teaching background
knowledge in reading.

By Chris R. Cain and Valeria N. Faulknar
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Cain, Faulkner in
. Teaching Children
- Mathematics
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State Standards for B .
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L™ S, the teacher's pwn sense of number s cructal, This
model (see fig. 1) offess teachers an oppartuslty
"
j 0 meflect on thelr lsssoas and consider whether
they have made mashemasios connections that
develop number sense i thelz stucents. By can-

sclausly explaring thelr own sesse of mumber,
teachers tike an importast siep beward despen.
Ing their instructian in Bne with the QCSSM and
eating classrooms that develop sudents’ zb.
Ity iy rezson shstracty and quantitattvely, model
situations with mathematics, and make use of
mathematical sracturrs.

Consistent with what we know about the
importance of planaing and ceflection 1o le:
son study (Hiebert and Stiger 2000 Stpler

How the Components of Number Sense Affected One Middle

School Math Teacher
Dr. Chris Cain

As teacher educators, we have prioritized providing teachers
with a tool that will substantially support their efforts to
change their daily habits of language and instruction. We
feel strongly that research must be made accessible to
teachers so that they can effect change in their elassrooms.
It is our contention that this Model for Number Sense does
just that.

One such example came in the college class, Advanced
Methods of Mathematics Instruction. One of the participants
in the class was a middle school teacher who had returned

5, pp. 24-30. Copyright 2000 CEC.

to make the numeration system more clear to h
s0 she spoke to the class about equality and the.. Zeaeu Su
dents to tell her how these two forms of a number are
equal. The class had a very hard time explaining the reason
why the two forms of the number were equal.

MNext, she had asked the class to use the blocks to show
her 45%. She asked, “This is 45% of what?”; the class just
looked at her. She explained that cent means 100 as in cen-
tury and, therefore, percent means per 100. They were then
able to articulate that 45% must be 45 out of 100. Then she

Faulkner in Teaching
Exceptional Children

The Components

of Number Sense
An Instructional Model

for Teachers

Valerie N. Faulkner

In recent years much attention has
been placed on the relatively poor
math performance of students in the
United States (Gonzalez et al., 2004;
Lemke et al., 2004; National Center for
Education Statistics, 1999; National
Research Council, 2001). Increased
attention has also been paid to the
struggling learner and mathematics.
This includes issues regarding assess-

ment (Gersten, Clarke, & Jordan, 2007);

low-performing students in reform-
based classrooms (Baxter, Woodward,
& Olson, 2001); and general recom-
mendations for the struggling student
by the National Math Panel (Gersten et
al., 2008).

The mathematical knowledge of
teachers has also been investigated,
and student success has been tied to
the subtle factors of teacher implemen-
tation choices regarding problem sets,
questioning techniques, and math con-
nections (Hiebert & Stigler, 2000; Hill,
Rowan, & Ball, 2005; Stigler & Hiebert,

Cain in
Teaching Exceptional
Children

Number Sense and
Instructional Practice

At the heart of the recent focus on
mathematics has been an increase
emphasis on developing students’
number sense. Ironically, although
growing as a force in the educatiol
erature, number sense has not bee
clearly defined for teachers.
Teachers need specific support

understanding how to develop nu
sense in students, to guide their le
ing as they plan for and provide
instruction (Ball & Cohen, 1996) a
ultimately, to ensure that they are
spending time encouraging studen
do the thinking that will improve 1
ber sense. A focus on content knor
edge has been found to be an effe
component of professional develog
ment for teachers (Garet, Porter,
Desimone, Birman, & Suk Yoon, 2(
Hill et al., 2005), and teacher cont,
knowledge in mathematics has an

unpact on student per[um\.ame (H
ALY In asie auarle wish hundeads of



Are these the same?




Equality and Form of a Number

1/2 = 3/6
Pumpkin Pie



Computation with Fractions:
Modeling with Fraction Strips




Addition with Whole
Numbers

®+® - 00

1 apple + 1 apple

_

2 apples



Addition with Unit Fractions
and Like Denominators

it s = it
(S
1/3 + 1/3 = 2/3




Adding with Whole

Numbers?
o+ _ =0 ¢
1 apple + 1 banana = 2 banapples?

- -



Addition of Fractions: Try
This




Addition with Unlike Denominators:
Unit Squares?

"

1/2 + 1/3

Adapted from Lee Stiff




Finding a Common Unit

"

1/2 + 1/3

Adapted from Lee Stiff




Equivalent Fractions

' Fractions strips are equivalent when
they have the same area

' Fractions are only equivalent when the
unit whole is constant among them




Example

1/4=2/8




Multiplication of Whole
Numbers:

Equal Groups Unknown
Product

2*3

There are 2 bags with 3 apples in each bag.
How many apples are there in all?




Multiplication with a Whole
Number and a Unit Fraction

There are 2 groups of 1/3. How many 1/3 are there in all?

I —




What does it mean to multiply
a fraction by
a fraction?

T ——



Multiplication:
Both Factors a Fraction




Multiplication:
Commutative Property



Back to- Division with a
Fraction

o Lo/l =

o 16/ =

03/]/2:




Dividend and a Fraction
Divisor

e -




Division with a Fraction
Dividend and a Fraction
Divisor




Implementation

' Teacher’s discussion of the Mathematical
Structure is critical.

' Deborah Ball has found that teacher
knowledge affects student growth.




Algebraic and
Geometric Maenitude
Thinking

RN
7
Proportional Numeration
Reasoning [ Language
\ /
AN /
Form of a — Equality

Number

Components of Number Sense



Universal Design for Learning Guidelines

Provide Multiple Means of

Engagement
Furposeful, motivated learners

Provide options for self-requlation

+ Pomote expecttionsand beliefs that
Optimize motivation

+ Faciltawe personal coping skilk and sintegies

+ Devebp sefassessmen and reflection

Previde options for sustaining effort
and persistence
+ Heighten malience of goals and objectives
+ Vary demandsand msoumes to

optimize ¢ hallenge
+ Foster colhlbom tion and community
+ Increase mastery-onented feadback

Provide options for recruiting interest
+ Oytimize individual choice and ausonomy

+ Optimize mlea nce, value, and authanticity
+ Minimze theats and distections

Provide Multiple Means of

Representation
Resourceful, knowledgeable learners

Previde options for comprehension
+ Activate or supply baclground knowledge
+ Highli tems, crtical features,
s ] mbtre e i
+ Guida information processing, vieualiztion,
and manipuldation
+ Mlacimize trerefer snd gerenlzwtion

Provide options for language,

mathematical expressions, and symbols

+ Chrify vocabulary and symbolks

+ Chify smtax and stacthus

+ Suppon decoding of text, rmathematical
notation, and sumiools

+ Pomote undestanding acmss bnguages

+ lhstmte through rmukiple medis

Provide options for perception
* gfﬁl_uup of cussomizing the digolay
n

+ Offarahematives for sudito ry information
+ Orfferahematives for viaal information

Provide Multiple Meanz of

Action & Expression
Strategic, goaldirected learners

Provid @ options for executive functions
+ Buide sppmpriate goal-setting |
+ Syppon planning and srtegy development

+ Enlance apacity for monkoring progress

Prenvide options for expression

and communication

+ Usa multicle medh forcommunication

+ Usa multicle ook for corstruction
and conposition

+ Build fhencies with gmdusted levels of
suppont forpmctice and pedo mra nce

Provide options for physical action
& Vany the mathods for response

and ravigation
+ Cyotirn e sccess o tooks and

asstive technologies

Q.

[ —
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http://www.udlcenter.org/aboutudl/take_a_tour_udl
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