Representing Multiplication, Fractions, and Expressions 

Using an Area Model
Multiplication Fact Families
At the second- and third-grade level, arrays are used to represent multiplication fact families.  The same number can sometimes be represented by different arrays.  For example, 6 = 2 x 3 and 6 = 1 x 6.  If students were to use grid paper to cut out rectangles with an area of 6 squares, they would find two possibilities, each of which could be rotated:

	
	

	 
	

	
	




	
	
	
	
	
	


A discussion of the arrays that can be made for different areas could lead to the following concepts:

· Numbers that can only be represented by a rectangle one way (as a “one-by”) are prime numbers.  (Note:  1 is neither prime nor composite, because a prime number must have two factors:  1 and itself.) 
· Numbers which can be arranged into a square (e.g., 1, 4, 9, 16) are square numbers.  

· Numbers which can be made into a “two-by” are even numbers, and those that cannot are odd.
The Area Model of Multiplication – Base 10 Blocks

Base 10 blocks or grid paper can be used to visually represent the multiplication of two two-digit numbers.  The picture below shows that a rectangle with length 21 units and width 12 units has an area of 252 square units.  In other words,

(20 + 1) x (10 + 2) = 200 + 40 + 10 + 2 = 252.
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Base 10 blocks or grid paper can also be used to factor whole numbers.  Instead of giving students dimensions of a rectangle and asking them to find the area, give them the area and ask them to find all the possible (whole number) dimensions.

Applying the Area Model of Multiplication to Monomials and Polynomials
At the secondary level, algebra tiles can be used to represent the multiplication of two polynomials:

The area of a rectangle with a length of 2x + 1 and a width of x + 2 is shown above to be the same as 2 “x-squared” pieces, 5 “x” pieces, and 2 constants.  Therefore, 

(2x + 1) (x + 2) = 2x2 + 5x + 2.

Polynomials can be factored using the reverse process; students create a rectangle with a given area, and identify its length and width.
3-dimensional algebra manipulatives use a volume model to represent the multiplication of three polynomials and include pieces that represent x3, x2y, xy2, and y3.
Fractions, Decimals, and Area Grids
When asking students to “shade in” or otherwise identify a given fractional part, it is important to use different visual models:  area models such as rectangles or squares, hexagons, and circles; linear models such as a ruler; and set models, such as M&Ms or pennies.  However, a rectangular area model lends itself particularly well to illustrating the multiplication of two fractions:
	
	
	
	

	
	
	
	

	
	
	
	


In the model above, 1/3 of the rectangle has been shaded blue (top row), and ¼ of the rectangle has been shaded yellow (left column.)  The upper left corner of the rectangle has been shaded both colors, and now appears to be green.  This illustrates that 1/3 of ¼ of 1 is the same as 1/12 of 1, or 1/3 x ¼ = 1/12.
Note on Illustrating Decimals and Percentages
It is often useful to shade in decimals and percentages using a 10 x 10 grid.  If centimeter squares are used, this can be related to base 10 blocks:  the 10 x 10 “flat”  becomes one (1.0); the 1 x 10 “rod” becomes one-tenth (0.1), and the 1-cm cube becomes one one-hundredth (0.01).
