Addition and Subtraction of Whole Numbers
Addition of Whole Numbers
How should we define the addition of whole numbers?


Example.  We illustrate 2 + 3 = 5.  
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More Examples.  Use your dinosaurs to illustrate the following two problems, then draw below.





 3 + 5
4 + 7

The above set model motivates the following definition for addition of whole numbers.

Definition.  Let a = n (A) and b = n(B) where A and B are two finite disjoint sets. Then a + b = n(A ( B). 




The whole numbers a and b are called addends and the result a + b is called the sum.
Important Note. The sets A and B must be disjoint sets, i.e., A ( B = (. Explain why this must be true.
We have illustrated addition with the set model. Another model that is used is the measurement model of addition (number line model).

Examples:  For the following problems, use a number line with vectors to illustrate the measurement model.


2 + 3




3 + 5



4 + 7

Note.  Use the model that is the most appropriate for the problem being illustrated. There is not one best model for all problems, there are good models for different situations. Use the model that is most appropriate for a given problem.




Set Models

Measurement Models



collections of objects

highway mile markers




fingers, coins, chips, beans,

speedometers




bottle caps, buttons,

rulers, meter sticks




pencils, paper clips, etc.

thermometers

Properties of Whole Number Addition
Use (a)  the set model and  (b) the measurement model to illustrate each of the following properties:

1.
Closure Property for Whole Number Addition.


Let a and b be any whole numbers. Then a + b is a whole number.

2.
Commutative Property of Whole Number Addition.


Let a and b be any whole numbers. Then a + b = b + a.

3.
Associative Property for Whole Number Addition.


Let a, b, and c be any whole numbers. Then a + (b + c) = (a + b) + c.
4.
Identity for Whole Number Addition.


Let a be any whole number. Then a + 0 = 0 + a = a.  The whole number 0 is called the additive identity.

Ordering Whole Numbers
We may use the concepts from addition with the set (1-1 correspondence) definition for less than and greater than to motivate a symbolic definition for inequalities.

Definition of Less Than. For any whole numbers a and b, we say a is less than b, written a < b, if and only if there exists a natural number k such that a + k = b.

Examples:  Use this definition to show each of the following.


1.
2 < 5


2.
3 < 4

Subtraction of Whole Numbers
How should we define the subtraction of whole numbers? Here, we will differ slightly from the textbook's approach. We will consider subtraction from three different approaches using both the set model and the measurement model, and we will define subtraction with two different definitions.
Investigation.  How are each of the following problems similar or different? 



   Also, illustrate each with an appropriate model.

1.
Pat had 7 marbles and gave 4 marbles to Kim. How many marbles did Pat have left?


2.
Sam has $6. How much more money does Sam need to have $8?


3.
Lynn has 5 books and Billy has 3 books. How many more books does Lynn have than Billy?


4.
The temperature was 8 degrees and dropped 3 degrees. Now what is the temperature?


5.
The temperature is 3 degrees. How much does the temperature need to rise to be 7 degrees?

6.
The temperature was 9 degrees at 8:00 and 5 degrees at 9:00. How much higher was the temperature at 8:00 



than at 9:00?
The first and fourth problems are examples of the take-away approach to subtraction, one using a set model and the other the measurement model. These examples motivate the take-away definition for subtraction:
Definition. Let a = n(A) and b = n(B) where sets A and B are two finite sets such that B ( A. Then a – b = n(A – B).



a is called the minuend, b is called the subtrahend, and a – b is called the difference.

Important Note. The set B must be a subset of A.  Why?

The second and fifth problems are examples of the missing-addend approach to subtraction. The third and sixth problems are examples of the comparison approach to subtraction. All four of these examples motivate the missing-addend definition for subtraction.

Definition. Let a and b be whole numbers. Then a – b = c if and only if there is a whole number c such that b + c = a. 




a is called the minuend, b is called the subtrahend, and a – b is called the difference.

Note. Here there are six models, two models for each of the three approaches.



take-away approach
missing-addend approach
comparison approach


set model
set model
set model



measurement model
measurement model
measurement model

Answer and justify your answer for each of the following questions.

1.
Is there a closure property for the subtraction of whole numbers?


2.
Is there a commutative property for subtraction of whole numbers?


3.
Is there an associative property for the subtraction of whole numbers?


4.
Is there an identity for subtraction of whole numbers?

Caution. Be careful of statements such as "Always subtract the smaller number from the larger number."


Explain why a teacher should never make this statement.
Basic Addition Facts with Dienes'Multibase Blocks
Directions.  Use the Dienes' Multibase blocks and the set model for addition to complete the addition basic facts tables for base three, base four, base five, and base six. Since we do not have blocks for other bases, use the concepts learned to complete the basic facts tables for base seven, base eight, base nine, base ten, and base twelve.  
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             Base Five (five-wood)
Base Six (six-wood)
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  Base Eight
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Base Nine


Base Ten
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         Base Twelve
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