PAGE  
6

Probability #1:  The Counting Principle
1.   A sandwich shop offers the choice of three different meats (ham, turkey, or roast beef) and two different cheeses (Swiss or cheddar).  Make a list of the possible sandwich combinations.
2.   An ice cream parlor offers chocolate, vanilla or strawberry ice cream with hot fudge, caramel, or butterscotch sauce. Make a tree-diagram showing the possible one-scoop, one-topping sundaes.
3. A coin is flipped 3 times.  Make a tree diagram and list the possible outcomes.

A list of all the possible outcomes of a situation is called a sample space.   If the sample space is small, you can use a list or tree diagram to count them.  If the number of possible outcomes is large, you will want to use the Counting Principle.
	Fundamental Counting Principle- If event M can occur in m ways and event N can occur in n ways, then event M followed by event N can occur in m•n ways.


Example 1:  In California, a car license plate has 1 digit, followed by three letters, followed by three digits, for example 1 ABC 234.
Assuming we can use all digits and letters, how many license plates are possible?

All of our examples so far have dealt with independent events.   For independent events, the outcome of the first event does not affect the outcome of the second event.  Tossing a coin and rolling a die are examples of independent events.

Some situations involve dependent events, where the outcome of one event does affect the outcome of another event.  For instance, drawing cards from a deck (without replacing them) are dependent events.
The Fundamental Counting Principle still applies for dependent events, but the numbers we multiply are slightly different.
Example 2:  How many four letter patterns can be formed from the letters w, x, y, z if the letters can be repeated?

How many four letter patterns can be formed if the letters cannot be repeated?

Example 3:  In how many ways can a student arrange her class schedule, assuming she needs to take 6 classes and they are all offered every period.
Example 4:  You are making a password with 4 digits. The first digit must be a 1 or 9. No digits can be repeated. How many passwords are possible?

Probability #2:  Multiplying Probabilities / Adding Probabilities
Probability is a ratio that measures the chances of an event occurring.

 
Probability  = 
number of ways of being successful



   

total number of outcomes
Probability is expressed as a decimal or fraction between 0 and 1.  The closer the probability is to 1, the more likely the event is to occur.  The closer the probability is to 0, the less likely the event will occur.
The following questions assume a standard deck of cards.
What is the probability of drawing a red card?

What is the probability of drawing an ace? 

What is the probability of drawing a red 3?

Multiplying Probabilities

If the outcome of one event does not affect the outcome of another event, then the events are called independent.

If the outcome of one event does affect the outcome of another, then the events are dependent.

	If two events, A and B, are independent, then the probability of both events occurring is P(A and B) = P(A)•P(B)


Example:  Three dice are rolled in a board game.  What is the probability that the first die shows a 6, the second die shows a 6, and the third does not?

Example:  A student has 9 dimes and 7 pennies in her pocket.  She randomly selects one coin, looks at it, and replaces it.  She then randomly selects another coin.  What is the probability that both of the coins she selected are dimes?

For dependent events the probability of event B is changed because A has already occurred.

	If two events, A and B, are dependent, then the probability  

of both events occurring is P(A and B)= P(A)•P(B after A)


Example: A student has 9 dimes and 7 pennies in her pocket.  She randomly selects one coin, looks at it, and then randomly selects a second coin (without replacing the first).  What is the probability that both of the coins she selected are dimes?

Example:  Three cards are drawn from a standard deck without replacement.  What is the probability of drawing a diamond, a club, and another diamond in that order?

_______________________________________________________________
 Adding Probabilities

When you roll a die, an event such as rolling a 5 is called a simple event because it consists of only one event.  An event such as rolling an odd number is called a compound event because it is consists of more than one simple event (rolling a 1 or 3 or 5)

Compound events are called mutually exclusive if the two events cannot occur at the same time.  In order to find the probability of mutually exclusive events, you simple add the probabilities of each event.

	For mutually exclusive events, P(A or B) = P(A) + P(B)


Example:  What is the probability of rolling an odd number in a single roll of a die?

Example:  If two dice are rolled, what is the probability of rolling at least a 10?

Example:  What is the probability of drawing a 2 or an ace from a well-shuffled deck of cards?

Not all compound events are mutually exclusive.  For example, the events of drawing a queen or a diamond are not mutually exclusive because one of the cards is the queen of diamonds and would be counted twice.  These types of events are called inclusive events.  

P(queen or a diamond) =

P(face card or red card) = 
	For inclusive events, P(A or B) = P(A) + P(B) – P(A and B)


Probability #3 – Two Way Tables and Conditional Probabilities
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A conditional probability is a probability in which a certain prerequisite condition has already been met.

Example 1: Suppose we want to know the probability that our next card will be a face card given that the first card was the 7 of diamonds. The formal notation for this is P(Face|7♦). This is read as "The probability of a face card given that we already have been dealt the 7 of diamonds".

Solution: P(Face|7♦)=.

Example 2: Two cards are dealt from a standard deck of 52 cards. Find the conditional probability.

P(red|2♣) = 
P(red|2♥) = 



Another way we can look at conditional probabilities is through the use of two-way tables or contingency tables. Two-way tables can be filled in either using counts or probabilities.

Example 3
Suppose we survey all the students at school and ask them how they get to school and also what grade they are in. The chart below gives the results. Suppose we randomly select one student.

a) What is the probability that the student walked to school? 

b) What is the probability that the student was a 9th or 10th grader? 

c) What is the probability that the student is an 11th/12th grader and took the bus?

c) What is the probability that a student either rode the bus or is in 11th or 12th grade? 
d) What is the probability that a student is in 11th or 12th grade given that they rode in a car to school? 

e) What is P(Walk|9th or 10th grade)? 
Example 5
The manager of an ice cream shop is curious as to which customers are buying certain flavors of ice cream. He decides to track whether the customer is an adult or a child and whether they order vanilla ice cream or chocolate ice cream. He finds that of his 224 customers in one week that 146 ordered chocolate. He also finds that 52 of his 93 adult customers ordered vanilla. 

a) Build a contingency table that tracks the type of customer and type of ice cream.

b) What is P(adult)? 

c) What is P(vanilla and adult)? 

d) What is P(adult|vanilla)? 

Example 6
Felipe surveyed students at his school. He found that 78 students own a cell phone and 57 of those students own an MP3 player. There are 13 students that do not own a cell phone, but own an MP3 player. Nine students do not own either device. Construct a two-way table summarizing the data.

a) Construct a two-way table summarizing the data.

a) What is P(doesn’t own an MP3)? 

b) What is P(MP3 and not a cell phone)? 

c) What is P(cell phone|MP3)? 

