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Discrete Probability Distributions
A random variable is a numerically valued function defined over a sample space.  

· A continuous random variable is a variable that can take on any value in a range of values.  For instance, a person’s height is a continuous random variable.  While we are limited in our ability to measure height by our measuring instrument, a person’s height could be any value (as measured in feet it could be 5.984376 feet) in a range of possible heights.  Technically, a continuous random variable is a variable that has infinite number of values that it can take on.  However, we often say that a variable which is measured in dollars and cents is a continuous random variable when in fact this variable can take on only certain values i.e., the variable can take on the value 100.01 or 100.02 but no value in between.  We assume this variable is continuous because it can take on so many values in a range of values.  The Normal Distribution is an example of the distribution of a continuous random variable.

· A discrete random variable is a variable that can take on only certain values in a range of values.  For instance, the sum total on the roll of two dice is a discrete random variable and can take on only the values 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, or 12.  This variable cannot take only the value 2.3 or 5.9—it can take on only integer values.  Often we are interested in counting the number of times some event occurs out of a certain number of trials or over a period of time or space.  This is referred to as count data and is another example of the distribution of a discrete random variable.  The Binomial Distribution and the Poisson Distribution are examples of distributions of discrete random variables.

The probability distribution of a discrete random variable is a table listing all the possible values of the random variable and the associated probabilities for each value in the sample space (i.e., this listing of the entire sample space would not be possible for a continuous random variable because technically this type of variable can take on any value, an infinite number of values, and so therefore we could not list all the possible values).  While these tables can be used to calculate individual probabilities, we can also use a cumulative probability distribution table to calculate any probability for the random variable.  Both the Binomial Distribution and the Poisson Distribution have these type of tables available.  
To find probabilities using a cumulative probability table we use the following rules:

· P(X ≤ a)  read directly from table

· P(X < a) = P(X ≤ (a-1))

· P(X > a) = 1- P(X ≤ a) 
· P(X ≥ a) = 1-P(X ≤ (a-1))

· P(a ≤ X ≤ b) = P(X ≤ b) – P(X ≤ (a-1))
· P(X = a) = P(X ≤ a) - P(X ≤ (a-1))

A probability distribution function of a discrete random variable is a function that can be used to calculate the individual probability that a certain value occurs for a particular variable.  

The expected value (E(X)) of a random variable is also the mean of a probability distribution.  The expected value for any discrete random variable can be calculated in the following manner:  E(X) =  = x P(x).   The variance of a discrete random variable can be found using the following formula:  2 = x2P(x) – 2.  

The Binomial Distribution is the distribution of a discrete random variable that is a series of identical, independent trails which can be limited to two possible outcomes.  One of these outcomes is termed a “success” (a success is the outcome we are interested in calculating the probability for) or a “failure” (which is the complement of a success).  Since these trials are independent, the probability of a success (and therefore the probability of a failure) is constant from trial to trial.  While independence would only occur if we sampled with replacement, we often assume independence if the sample size (n) is small relative to the population size (N) since the probability changes from trial to trial but only by a miniscule amount.  The change in the probability from trial to trial becomes smaller as the population size increases relative to the size of the sample.  Our rule of thumb is this:  if n/N < .05 we will assume independence. For the distribution of a binomial random variable we use the following notations:

· A success is the one outcome in which we are interested.

·  is the probability of a success (this probability or the probability of a failure will be given).  

· (1-) is the probability of a failure (these outcomes are complements).  

· n = the size of the sample (or the number of trials).  

· X is the random variable and is the number of successes out of n trials.  

The parameters of the Binomial Distribution are n and .  These values must be known to calculate the probabilities for this distribution.  The random variable, X, can take on the values 0 through n.  Our notation for the Binomial Distribution is X~b(n, ).  The mean or expected value can calculate using the formula given above (E(X) =  = xP(x)) or (only for the Binomial Distribution) can be calculated using the following formula:  E(X) =  = n.  

The Poisson Distribution is the distribution of a discrete random variable and is often referred to as the distribution of rare events.  This discrete random variable has an expected number of occurrences for a particular period of time or area of space.  The assumption is that the expected number of occurrences is the same for each period of time or area of space and that this expected value is proportional to the period of time or area of space.  For instance, if a hospital averages four (4) accidents per month then we would expect four (4) accidents each month and in two months we would expect twice that amount or eight (8).   In one-half a month, we would expect two (2) accidents.  

The parameter of the Poisson Distribution is the expected value or the mean for a particular period of time or area of space, or .  Our notation for the Poisson Distribution is X~P(or ).  The random variable X can take on the values 0 through ∞.  An interesting tidbit about this distribution is that the variance is also equal to the expected value.  

