Statistics Chapter 7:  Probability
Random Circumstance:  A situation in which the outcome is unpredictable…the outcome is not determined until we observe it.  

Probability:  A number between 0 and 1 that is assigned to a possible outcome of a random circumstance.  

*For the complete set of distinct possible outcomes of a random circumstance, the total of the assigned probabilities must equal 1.*

Ex.  Flipping a coin.  0.5 chance we flip a head,  0.5 chance we flip a tail.  Therefore the total of the assigned probabilities is 1.  
Relative Frequency Interpretation of Probability  
When a situation can be repeated several times, the probability of a specific outcome is the proportion of times it would occur over the long run.  A.k.a. the relative frequency of that particular outcome.  

*2 ways in which we can interpret a relative frequency probability.
1. Make an assumption about the physical world without actually making observations of outcomes.  

Ex.  We assume dice are manufactured in such a way so that it is equally likely that a 1, 2, 3, 4, 5, or 6 occurs.  Therefore the probability of rolling a 1 would be 1/6.  

2. Make a direct observation of how often something happens.  

Ex.  Observations of a small tribe in Africa for several decades found that out of a total of 148 births, 76 were male.  Therefore the probability that a birth results in a male is 76/148 or approximately 0.514.

Proportions and percentages as probabilities   
Often we express probabilities derived from relative frequencies in many different ways.

1. As a proportion:  76/148

2. As a percentage:  51.4%

3. As a probability:  0.514

Personal Probability (Subjective Probability):  The degree to which a given individual believes the event will happen.  

Ex.  There’s about a 75% chance I will be done grading the exams by Monday morning.

Ex.  I’m about 99% sure Bill and Cindy will get married.

Ex.  There is about a 0.60 probability that I will have to wait in line for a parking space this morning.  

7.3:  Probability Definitions and Relationships
Sample Space:  The collection of all possible outcomes.

Simple Event:  One specific outcome in the sample space.  
Ex.  Rolling a die.  Rolling a 2 is a simple event (a possible outcome).  The sample space would be rolling a 1, 2, 3, 4, 5, or 6.

Event:  Any collection of one or more possible outcomes.  
Complementary Events:  One event is the complement of another event if the two events do not contain any of the same simple events and together they cover the entire space.  For an event A, the notation 
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 represents the complement of A.  

Ex.  Tim has a dog or does not.  Tim owns a car or does not.  Your favorite team wins the Super Bowl or does not.  

Mutually Exclusive Events:  Two events that do not contain any of the same simple events (outcomes).  Disjoint events.  

Ex.  Event A:  Roll a 5 or 6 on one roll of the die.


Event B:  Roll a 1 or 2 on one roll of the die.  

These events are disjoint because they do not contain any of the same simple events.  Therefore we can say that they are mutually exclusive events.  
Independent Events:  Knowing the probability of one event occurring does not change the probability of the second event occurring.  

Ex.  You flip one coin and see that it is a head.  What is the probability that when you next roll a die you will get a 3?  

Dependent Events:  Knowing that one event occurs changes the probability that the other occurs.
Ex.  Event A:  Pulling a King out of a deck of cards.

Event B:  Pulling a Queen out of the same deck 

  of cards.  
Conditional Probabilities:  If two events are dependent, knowing the occurrence of the first event changes the probability of the second.  The conditional probability of the event B, given that the event A occurs, is the long-run relative frequency with which event B occurs when circumstances are such that A also occurs.  

P(B):  Unconditional probability that event B occurs.

P(B|A):  Probability of B given A.  The conditional probability that the event B occurs given that we know A has occurred or will occur.  

P(Queen):

4/52 = 0.077

P(Queen|King):    4/51 = 0.078

7.4 Basic Rules for Finding Probabilities:
Probability an event does not occur:  P(
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) =1-P(A).

P(Not A)=1-P(A)

What is the probability that John Doe’s birthday is not today?  

Event A:  John Doe’s Birthday is today.

P(A)=1/365= 0.0027

P(Not A)=1-(1/365) = 1- 0.0027 = 0.997

‘Or’ Probabilities.  Probability that either of two events happens.

P(A or B) = P(A) + P(B) – P(A and B)

*Except* if the events are mutually exclusive events:

P(A or B) = P(A) + P(B)

Ex.  What is the probability that on one roll of a die, I get a 3 or a 4.  

The events are mutually exclusive so the probability is: P(3 or 4)=P(3) + P(4) = (1/6) + (1/6) = (2/6) =.333

Ex. (Smoking and Coffee Drinking)

	
	Coffee
	No Coffee
	Total

	Smoker
	60
	40
	100

	Non-Smoker
	115
	85
	200

	Total
	175
	125
	300


What is the probability that a randomly selected person from the sample either smokes or drinks coffee.

Event A:  A person smokes

Event B:  A person drinks coffee

These are not mutually exclusive events because some people smoke and drink coffee.

P(A or B) = P(A) + P(B) – P(A and B)

P(A or B) = (100/300) + (175/300) – (60/300) = 

      (216/300) = .7167.

“And” Probabilities.  Probability Two or More Events Occur Together.
Probability Event A and B occur simultaneously or in sequence.

If the Events are Independent:

P(A and B)=P(A)*P(B)

If the Events are not Independent:

P(A and B)=P(A)*P(B|A)

Ex.  What is the probability that I when flipping a coin I get two heads in a row.

Event A:  Flipping a Head on 1st flip

Event B:  Flipping a Head on 2nd flip

Independent Events: So P(A and B)=P(A)*P(B)

P(A and B)=(1/2)*(1/2)=(1/4)= 0.25
Ex.  What is the probability that from a single deck of cards I pull out a King of Spades and then a Diamond?
These are dependent events:

P(A and B)= P(A)*P(B|A)

Event A:  Pull out the King of Spades

Event B:  Pull out a Diamond

P(A and B)= (1/52)*(13/51)= 0.0049
Ex.  What is the probability that I flip a coin and get a Head, Roll a die and get a 4 or a 6, and then pull the king of Spades and a diamond from a deck of cards.

Event A:  Flip a coin and get a Head




P(A) = ½= 0.5

Event B:  Roll a die and get a 4 ‘or’ a 6.



  P(B)= (1/6) + (1/6) = (2/6) = .333

Event C:  Draw a King of Spades and a Diamond.  



  P(C)= (1/52) * (13/51) = 0.0049.

P(A and B and C)= P(A)*P(B)*P(C)





=0.5(.333)(.0049) = .000815
Sampling with Replacement:  If individuals are returned to the eligible pool for each selection.

Sampling without Replacement:  If sampled individuals are not eligible for subsequent selection.  

Ex.  You have a bag of marbles.  6 are red, 4 are blue, and 6 are white.  What is the probability that you pull out two blue marbles if you are sampling with replacement?  
Event A:  Pull out a Blue Marble

Event B:  Pull out a Blue Marble

P(A and B)= P(Blue and Blue) = P(Blue)*P(Blue)

=(4/16)*(4/16)= 0.0625
Ex.  What is the probability that you pull out a blue marble on the first try and a blue marble on the second try if you are sampling without replacement?  

P(Blue and Blue)=P(Blue)*P(Blue|Blue)

=(4/16)*(3/15)= 0.05
Strategies:  Sample Spaces and Tree Diagrams are your Friends
You and your wife want to have three children.  What is the probability that you have 2 boys and one girl?  

GGG

GGB

GBG

GBB

BBB

BBG

BGB
BGG

P(2 boys and 1 girl)=(3/8)=0.375
Ex.  What is the Probability you flip a coin and get a head, Flip another coin and get a tail, and then roll a die and get a 4?  

P(H, H, 4)=0.042
Probability At Least One Occurs (For Independent Events)
Sometimes it really only matters if something occurs once.  Example (floods, hurricanes, natural disasters).

Suppose the probability of an event A occurring in one trial is P(A).  If all trials are independent, the probability that event A occurs at least once in n trials is the complement of the event never occurring.  Therfore the probability is:  
P(ALO)= 1- P(no events A in n trials)


      = 1-[P(not A in one trial)]n


Example:  What is the probability that a region will experience at least one 100-year flood (a flood that has a 0.01 chance of occurring in any given year) during the next 100 years?  Assume that 100-year floods in consecutive years are independent events.

Solution:  Because there’s a 0.01 probability of a flood in any one year, there is a 0.99 chance that a flood will not occur in any one year.  The at least once rule gives us the probability of at least one flood in 100 years:

P(ALO in 100 years)=1-[P(not flood in one year)]100




     =1-[0.99]100=0.634
Ex.  You purchase 10 lottery tickets, for which the probability of winning on a single ticket is 1 in 10.  What is the probability that you will have at least one winning ticket among the 10 tickets?

P(Winning Lottery w/ one ticket)=0.1

P(Not Winning Lottery)=1-P(Winning)=1-0.1= 0.9

P(ALO Winner in 10)=1-P(not winning on one)]10
=1-[.9]10=0.651
Ex.  There are 36 students in this class.  What is the probability that at least one person in the class has the same birthday as me?

P(ALO B-day with ME)=1-[P(Not my B-day)]24
= 1-[(364/365)]24
= 1- 0.936 = 0.064

Ex.  What is the probability that some pair of students in the class of 36 share the same birthday?  

P(ALO Shared pair of B-Days)=1-P(No shared B-days)
The easiest way to calculate the probability that there are no shared birthdays is by calculating the probability that all 36 students have different birthdays.  

P(first 2 students do not share) = (364/365).

P(first 3 students do not share) = (364/365)*(363/365)

P(all 36 students do not share) = 


(364/365)*(363/365)*….*(330/365)=0.167

P(ALO pair shared b-days)=1-P(no shared b-days)






   = 1-0.167 = 0.833

83.3% chance a pair of students in here shares a B-Day.  
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