[bookmark: _GoBack]Multiplicative Identity Method Using the Meaning of Prefixes:

In this method, the meaning of the prefix is used along with the multiplicative identity, the associative property and the laws of exponents. Following are three examples of this method. To solve this problem, students can no longer use mnemonics, but they can use the multiplicative identity method easily. This method also uses the concept that a quantity does not change when you multiply it by one. Begin by substituting the meaning of milli into the quantity as 10-3, then combine the exponents and multiply by the quantity of one in the form of 10-3 x 103.  Now use the associative property, regroup, and then substitute the appropriate prefix into the quantity. 

	430,000,000 mm 

	Original Measurement

	430,000,000 x 10-3 m

	Apply Meaning of Prefix (substitute 10-3 for m)

	430,000,000 x 10-3 x (10-3 x 103) m
	Insert Multiplicative Identity  [10-3 x 103 = 1]

	430,000,000 x (10-3  x 10-3) x 103 m 
     
	Apply Associative Property

	430 x 103 m 

	Apply Laws of Exponents 

	430 km

	Apply Meaning of Prefix
(substitute k for 103)



The following are examples found in a classic high school science book (Brown, LeMay, & Bursten, 2000, p. 26) where students are presumed  ready to solve prefix conversions within the metric system. 

An aluminum foil is found to be 8.0 x 10-5 cm thick.  What is its thickness in micrometers? (p. 26)
Begin by substituting the meaning of centi- into the quantity as 10-2, then combine the exponents and multiply by the quantity of one in the form of 106 x 10-6.  Now use the associative law and regroup and then substitute the appropriate prefix into the quantity. 

	8.0 x 10-5 cm
	Original Measurement

	8.0 x 10-5 x 10-2 m  
	Apply Meaning of Prefix

	8.0 x 10-5 x 10-2  x (106 x 10-6) m
	Insert Multiplicative Identity 

	8.0 x (10-5 x 10-2 x 106) x 10-6 m
	Apply Associative Property

	8.0 x  (10-1)  x 10-6 m
	Apply Laws of Exponents 

	8.0 x 10-1 m
	Apply Meaning of Prefix





The distance between carbon atoms in a diamond is 154 pm.  Convert this distance to millimeters. (p. 26) (A better way to state the same problem for meaning would be:  express this distance using millimeters.)
	154 pm
	Original Measurement

	154 x 10-12 m  
	Apply Meaning of Prefix

	154 x 10-12 x (103 x 10-3) m
	Insert Multiplicative Identity

	154 x (10-12 x 10-3) x 10-3 m
	Apply Associative Property

	154 x (10-9) x 10-3 m
	Apply Laws of Exponents 

	154 x 10-9 mm
	Apply Meaning of Prefix



As students do more and more of these exercises, the multiplicative identity becomes easier to use because it makes use of mathematical structures.  By practicing this method, not only are students able to check their final answer but they develop a complete understanding of a prefix along with practice to help memorize their meaning.
Checking the answer follows if students understand the meaning of a prefix.  Does 154 pm = 154 x 10-9 m?
154 x 10-12 m= 154 x (10-9 x 10-3) m    Checked!

Teaching Metric Prefixes for Meaning
There are many advantages to using the multiplicative identity method. First and foremost, it eliminates a source of student error by removing the need to count multiple zeros (something students often do incorrectly). (It )This method encourages the students to see the prefix as a symbol for part of a number rather than a meaningless letter placed before their unit of measure. (Students should in fact ignore this unit of measure and rather carry out the computation to then later recombine their answer with the unit.) Additionally, students develop an in-depth understanding of the prefixes. They relate this understanding of the exponents (e.g., that m stands for 10-3) to their mathematical computations (e.g., applying the structure of mathematical identity) to develop stronger mathematical power. It is critical that students learn to apply the metric system to the mathematical structures that they are learning in middle school. This way, students are not simply memorizing but instead actively engaging themselves with the material.
	The metric system and imperial system are both used in the United States and students subsequently need to be able to convert between them. Yet, the interconnectedness intrinsic to the 21st Century highlights the significance of having an in-depth working knowledge of the worldwide measurement system. Remember, a prefix is a symbol for a part of a number. The metric system uses the prefix so that quantities are easier to write, say, and manipulate. The metric system and prefix conversions can be taught for meaning so that students have a coherent and solid understanding of the universal system of measurement for participation in a global society. While ultimately students should be able to move easily between the various methods presented, the multiplicative identity method affords the students ease, confidence, and understanding!
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