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	Red
	Blue
	Green
	totals
	  Teachers often use a chart like this one to 

	Marble
	5
	7
	8
	20
	   test many of the concepts from the

	Ball
	3
	4
	2
	9
	   probability chapter.  

	Balloon
	1
	0
	6
	7
	

	totals
	9
	11
	16
	36
	This is the total of all the items on the table.


Multiplication Rule
The clue to the multiplication rule is the word “and”.  It may be stated or implied.  

P(red marble) is the same as P(red and marble).  The ‘’and” is implied in P(red marble). 
There are two multiplication rules, one for independent events and one for dependent events.

P(A and B) =  P(A)(P(B)   for independent events

P(A and B) =  P(A)(P(B(A) for dependent events   

P(B(A) means the probability that event B occurs given that event A occurs.

Use the chart at the top of this sheet to answer the questions below.  They are based on the assumption that you are being asked to pick one item from the chart.

1.  P(red and marble)   This is the same as P(red marble).     
When using a chart, the word “and” means the intersection between the two categories.  On the chart, the intersection block is the block where the two categories meet or overlap.  

    Ans.  
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2.  P(red ( marble)   This means find the probability that an item is red given that it is a marble.  Two other clue words that mean the same thing as the word “given” are  “assuming “ and “if”.   
Ans.  
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When you are asked to determine whether two events on the table are independent or dependent, use the multiplication rule for independence to check.   

3.  Are the events red and marble independent events?   Refer to chart at top of this page.


If they are independent, then P(red and marble)=P(red)(P(marble)
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Because the left side and the right side of this equation resulted in the same values, the events are independent.  If the left side and the right side had resulted in different values, the events would be dependent.

With and without replacement  

Ex. Suppose that you have 15 red marbles and 10 green marbles in a jar.  

If three marbles are randomly selected from the jar, what is the probability that all three are red if each marble is replaced before the next one is drawn?  This is with replacement.  
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If three marbles are randomly selected from the jar, what is the probability that all three are red if each marble is not replaced before the next one is drawn? This is without replacement.
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Notice that the probability of red on each individual draw changed.  The numerator decreased by one on each draw because there was one less red marble in the jar.  The denominator also decreased by one on each draw because the total number of marbles in the jar went down by one.

If the problem had called for three different marbles to be randomly selected, different marbles would have meant without replacement.

Mutually exclusive

On the chart at the beginning of this worksheet, look for a box with a zero in it.  The two events that intersect in that box are mutually exclusive events.   Blue and balloon are mutually exclusive.  

Also, any two column headings are mutually exclusive, and any two row headings are mutually exclusive because no item on the chart is more than one color, and no item is both a marble and ball, both a marble and balloon, or both a ball and balloon.
For mutually exclusive events, the probability of both of them happening together is zero. 

P(A and B) = 0 when A and B are mutually exclusive.
Addition Rule

The clue word to look for is “or”.    P(A or B) = P(A) + P(B) - P(A and B)  

The P(A and B) is the overlap, the probability that both A and B occurred.  

Permutations, combinations, and the fundamental counting rule.

Permutations (when to use the calculator’s nPr key)—Use when there is only one category.  Only use when order matters.  Use when repetition is not allowed.

Clue words for permutation:

arrangement or arrange

route (like the route that a salesman takes or an airplane’s route)

slate (like a slate of officers in an organization or a slate of candidates in an election)

listing of positions (like “first, second, third” or “president, vice president, secretary”)

sequence

Distinguishable permutations — Use when some of the items are identical.  The formula for distinguishable permutations is  
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Ex.  In how many ways can the letters in the word  “baggage” be arranged?

The word contains identical letters; two A’s and three G’s.  There is one each of the letters B and E.

Ans.  
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Combinations (when to use the calculator’s nCr key)—Use when there is only one category.  Only use when order does not matter.  Use when repetition is not allowed.

Clue words:

group, team, committee (as long as nothing is said about positions within the group)

Fundamental counting rule—Use when there is more than one category and/or 

when repetition is allowed.

5 is the block where red and marble intersect.


36 is the total number of items on the chart.





5 is the intersection of red and marbles.


20 is the total number of marbles.








7 is the total number of letters in the word.


2 A’s, 3 G’s, 1 B, and 1 E





Notice that the probability of red on each individual draw was the same.									Rev. 11/05
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