Chapter 5 – Probability
5.1 – The Nature of Probability
· The probability or an event is the likely hood that it will happen
· Probability defined as the quantitative expression of the likelihood of occurrence of an event
· Determining the probability is basically that the same results would occur if the experiment was repeated
· [bookmark: _GoBack]Inferential science is only possible because we are able to estimate the probabilities associated with error from sample to population 
· Probability is a ratio in which the numerator is the frequency of occurrence of the event of interest, and the denominator is the total # of opportunities for the event to happen
· The limiting numerical values or 0 and 1.00
· 1.00 is termed certainty, and means the event will happen (numerator = denominator)
· 0.00 is termed impossible and means the event is not possible (numerator value 0)
· Therefore, 0.00 and 1.00 reflects the range of likelihood from impossibility to certainty
· Probability of all possible outcomes sum to 1.00, since there is a certainty something will happen
· Probability can be expressed as a percentage, decimal or fraction
· Probability of what you are solving for, for example probability of rain is written as p(rain)=0.25

· There are two ways to determine the probability of an event, we refer to them as theoretical or empirical approach
· Theoretical Determination of Probability: is possible if all possible outcomes and their relative likelihood are known
· Ex) For a coin, all the possible outcomes are either heads or tails. If we wanted probability for heads then p(head) = ½
· The denominator is 2 because that is the total # of possibilities (head or tail)
· Numerator is 1, because there is only 1 possibility of heads coming
· Natural events in theoretical probability is rare
· Empirical Determination of the Probability: of an event may be accomplished by observing its frequency of occurrence relative to the total # of opportunities
· Ex)  if we examine 85 people, found that 13 had black hair, the p(black hair)= 13/85.
· We cannot be sure if it is accurate for the population

5.2 – This or That
· Addition Rule: probability of occurrence of any several mutually exclusive events is the sum of their separate probabilities
· Mutually Exclusive: Only one event can happen at a time, basically any one event excludes the simultaneous occurrence of any other event.
· Two sided coin, die and playing cards are all mutually exclusive
· The addition rule is used when we seek the probability that any of several mutually exclusive alternatives will occurEx) Probability of getting a 1 or 3 on a die?
p(1) = 1/6
p(3) = 1/6
p(1 U 3) = p(1) + p(3)
	  = 1/6 + 1/6
	  = 1/3 or 0.3333


· General format of the question: What is the probability of occurrence of event A or B?
· KEY WORD IS “OR” !!
· The symbol U represents or
· Probability or A or B: p(A U B) = p(A) + p(B)
· Addition rule can be extended, ex) p(A U B U C)

5.4 – This and That
· Multiplication Rule: the probability of the joint occurrence of two or more independent events is the product of their separate probabilities
· Used to determine the probability of the joint or combined, occurrence of a number of independent events
· Independent events: are those in which the outcomes are not connected in anyway, one outcome does not effect the other outcome
· KEYWORD IS “AND”
· Ex) what is the probability of one coin being heads and the second one being tails?
· This is referred to joint occurrence of events (specified sequence of outcomes)
· Therefore, we multiply the probabilities
· The symbol  represents the word AND.
Probability of A and B: p(A B)

· What is the probability that from a deck of cards the first card will be an ace and the second card will be a 7(assuming you put the first card back into the deck)?
P(A)= 4/52
P(7)= 4/52
P(A  B) = 4/52 x 4/52
                = 1/169
· Would use it for questions stated liked, “what is the probability of obtaining four 1’s on a die?”
· Think of this type of question as the probability you want is one AND one AND one AND one, this will help you figure out to use the multiplication rule

· We can also get questions that use multiplication rule and addition rule:
· Ex) What is the probability of a 2 on the first toss and 4 on the second toss, or a 3 on the first and 6 in the second on a die?
p[(2 4) U (2  6)] = [(p(2) x p(4)] + [p(3) x p(6)]
                                   = [1/6 x 1/6] + [1/6 x 1/6]
                                   = 1/18
· Sometimes the sequence or the order is not specified, in this case the combo of outcomes can happen in more than one sequence, we must include all acceptable sequences in the calculation for the overall probability
· Ex) What is the probability that in a coin toss the results will be one heads and two tails?
· The order of occurrence is not specified, we must consider all sequence
· Sequence for 2H’s and 1T: HTT, THT, TTH
p[(H  T T) U (T  H  T) U (T T  H)
= [p(h) x p(t) x p(t)] + [p(t) x p(h) x p(t)] + [p(t) x p(t) x p(h)]
= [ ½  x ½ x ½ ] + [ ½  x ½ x ½ ] + [ ½  x ½ x ½ ]
= 3/8

5.6- The Normal Distribution Revisited
· We have learned from before, how to identify the portion under a normal distribution.
· The probability of occurrence of an event is equal to its proportion in the population (proportion under the curve)
· For example, if 0.2000 is the proportion of the population under the curve weighs less then 60kg, then the probability a person will weigh less then 60kg is 0.2000
· Probabilities associate with various z-scores
· Ex) students write an exam and the mean is 65 10, what is the probability Iraj will get a mark over 90? (LOL)
                                                           
		              = (90 – 65)/ 10
			  = 2.50 (Now look at z-score table)
			  = 0.0064 is the probability Iraj will score over 90 

5.8 – Permutations, Combinations and Binomial Probability
Permutations:
· Referring to the number of ways they may be arranged, ordered or sequenced (Order Matters)
· The number of permutations (arrangements) of n objects, or events is n! (factorial)
· Number of permutation for 5 events would be 5! = 5x4x3x2x1 = 120 possible ways

Ordered Sequence = nPr = 
n = total # of objects to work with
r = # of objects in an arrangement
nPr= # of sequences of “r” objects that can be selected from “n” objects (when order matters)
· Class of 200, want 10 groups
· 200= n
· 10 = r

Combinations:
· Number of different selections of r objects that can be made from a group of n objects or the number of different subsets of size r that can be drawn from a set of size n
· Order is not important, a set of things, objects

Unordered Sequence = nCr = 
· Suppose 5 children were playing ball, and it breaks someone’s window so they need 2 people to go fetch the ball, how many twosomes can be selected?
n=5, r=2
= 
= 10 therefore, there are different 10 twosomes that can be selected 
· Combinations is not concerned with order, but with the the # of different group size r, that can be obtained from a group size n
· If r is sample size, and n is population size, then the combination expression gives us the total #of different sample size r that can be drawn from pop. N
· Ex) If we deal with 4 cards from an ordinary deck, how many different 4-card samples are possible?
n=52, r=4                      = 
			= 270725 samples are possible
Binomial Probability:
· Used to determine the probability where there are only two outcomes in a trial (girl/boy, raining/ not raining, etc.)
· Binomial expansion: determining the overall probability of occurrence of some number of favorable events, given some total number of opportunities or trials, the equation for the expansion is:
p(r favorable events in n opportunities) = prqn-r  
· Binomial Probability equation
                   nCrprqn-r  = 
n = total # of objects to work with
r = # of objects in an arrangement
		   p = probability of success
		   q = probability of failure (1-p)

· Ex) What is the probability of tossing 2 heads in 5 tosses?
n = 5 tosses
r = 2 heads
p = ½ (the proability of success is ½ because you have ½ chances of getting a heads)
q = ½ (1- ½ = ½ )


					           = 0.3125 is the probability of getting 2 heads in 5 tosses
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