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TIMSS
Trends in International Mathematics and Science 

Study

US Teachers
Hong Kong, Singapore,

Japan

Learning terms and 
practicing procedures

Instruction
al focus

Structured problem 
solving

Covers 80% of  tested 
topics

Pace
About half  the tested 
topics

Mile wide, inch deep Curriculum
Greater depth and 
coherence

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

Teachers  
plan by 
asking…

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



International Research



TIMSS Video Studies 

 1995 Video Study
 Japan, Germany, US

 Teaching Style Implicated

 1999 Video Study
 US, Japan, Netherlands, Hong Kong, Australia, 

Czech Rep.

 Implementation Implicated 

7Stigler & Hiebert, 2004



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

12

Square Roots!

16 = 4
The length of 
one side!

Distance Formula

Geometry and 
Measurement

Pythagorean 
Special Triangles 
Trigonometry



Connections 

42



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

…is the teacher’s own
understanding of Mathematics. 

Liping Ma (1999) 



What does it mean to divide 

6/2=?



?

6 cups
2 cups

= 3 servings 6 cups
2 servings = 3 cups

serving

2
6
2 2

6

Repeated Subtraction Partitive/Unit Rate

Consider 6÷2…

? ?3 3

17

26 -
27



Connection to Language / Units

 3 ones and 2 ones

 3 tens and 2 tens

 3 tens and 2 ones

 3/6   and 2/6

 3/6  and 2/5



Knowing and Teaching 
Elementary Mathematics (Liping Ma)

 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 
procedurally rather than being driven by the 
logic of  the mathematics (implementation)

 Ma presented information through teacher 
responses to elementary math questions



Problem #3  Division of  Fractions

1 ¾  divided by ½ 
Give a Story Problem to show what is 

happening with this expression.

Ma, 1999



Division of  Fractions Lesson Construction

1

2

Symbols
Simply record keeping!

Mathematical Structure
Discussion of the concrete

V. Faulkner and NCDPI Task Force adapted from Griffin

Quantity
Concrete display of concept

21



Division of  Fractions

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

22Ma, 1999

17



Division of  Fractions
Chinese teachers’ approach
Gave a mathematically accurate

story problem
 Explained the mathematics behind

the operation
Gave multiple mathematical 

constructs for division of fractions

23Ma, 1999

18



Division of  Fractions

What does it mean to divide by a 
fraction?



Movie Time 



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

26



Workspace



What if  I divide by 1/4?
How would my diagram look?
How many portions would I 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
 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 ½ groups of 2 or 4 ½ servings



Division of  Fractions: Bean Party!
Division as Repeated Subtraction

1

2

2 ½  / ½

“Why does this 
constant amount of 
beans “looks like it   
is getting bigger”?
Division as repeated 
subtraction

Quantity
Concrete display of 

concept

Mathematical Structure
Discussion of the concrete

Symbols
Simply record keeping!

V. Faulkner and DPI Task Force adapted from 
Griffin



Cain, Faulkner in
Teaching Children 
Mathematics

Cain in 
Teaching Exceptional 
Children

Faulkner in Teaching
Exceptional Children



Are these the same?
e same?



1/2 = 3/6
Pumpkin Pie

Equality and Form of a Number



Computation with Fractions:
Modeling with Fraction Strips



Addition with Whole 
Numbers

1 apple   +   1 apple     =             2 apples



Addition with Unit Fractions 
and Like Denominators

1/3          +        1/3          =                  2/3



Adding with Whole 
Numbers?

1 apple   +      1 banana     =        2 banapples?



Addition of  Fractions: Try 
This

1                1
____    +   ____    

2                3



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

2 * 1/3

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



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



Multiplication: 
Both Factors a Fraction

1/4 * 1/2



Multiplication: 
Commutative Property

1/2 * 1/4



Back to- Division with a 
Fraction

 ½ / ½ = 

 1 ½ / ½ = 

 3 / ½ = 



Dividend and a Fraction 
Divisor

2/3 ÷ 2/12



Division with a Fraction 
Dividend and a Fraction 
Divisor
2/3 ÷ 3/12



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

Deborah Ball has found that teacher 
knowledge affects student growth.



Numeration

Quantity/

Magnitude

Base Ten

EqualityForm of a 
Number

Proportional 

Reasoning

Algebraic and 
Geometric 
Thinking

Components of Number Sense 

© 2007 Cain/Doggett/Faulkner/Hale/NCDPI

Language
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