         Chapter 6 & 7: Probability and Sampling Distributions

Random Variable (RV) : The outcome of a random phenomenon is called a random variable. 
Eg : Whether it will rain tomorrow is a random variable. Here the “random phenomenon” is “tomorrow’s weather conditions”. But, whether or not it has rained today is not a random variable because we already know it and it is no longer a random phenomenon.

A probability distribution specifies the possible values of a random variable and the corresponding probabilities. There are probability distributions for both discrete and continuous random variables.
(I) Discrete random variable : 
In order to get the probability distribution of a discrete random variable, it is enough to write down the  possible values of that random variable along with the corresponding probabilities. 
Eg : Let X be the number of truly good friends that a randomly chosen UF student has. Suppose X has the following distribution. 

	     x
	  P(x)

	     0
	   0.1

	     1
	   0.25

	     2
	   0.35

	     3
	   0.2

	     4
	   0.1


          The above table summarizes the probability  

          distribution of the random variable 
          X = “the number of  truly good friends of a randomly 
          chosen UF student”.

          Trial : One fine morning I go into the UF campus,  

randomly get  hold of a UF student and ask him/her “How many truly good friends do you have”.

Random Variable : The number of truly good friends    
that randomly chosen UF student would have.
Outcome (vis-à-vis value of the above random   

variable) : The randomly chosen UF student actually tells me the number of truly good friend he/she has.
Mean of the probability distribution of a discrete random variable would be given by      


E(X) = 
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where the sum is taken over all possible values of x. In the above case, the mean number of truly good friends a randomly chosen UF student has is 

                E(X) = 

                         = 1.95 ~ 2.  

        Conclusion : A randomly chosen UF student has about  
        2 truly good friends.
        The standard deviation of X measures its spread i.e 

 how far X falls, on an average from its mean. It is    

 expressed as 

             sd(X)  =   [ E(X2) – {E(X)}2]1/2
 In the above example, the standard deviation will be 

 sd(X) = 02(.1) + 12(.25) + 22(.35) + 32(.2) + 42(.1)

· (1.95) 2
=  1.25
         A binary random variable X takes only              values,  

         each with a certain probability i.e 

                           X = 1 with probability p

                               = 0 with probability (1-p)

          Eg : Whether you support the introduction of negative  

          grades or not (1 : support, 0 : donot support)? 

          Suppose 60% of UF students support it and the 40% 

          donot support it. Then, you can write
                           X = 1 with probability (wp) 
                               = 0 with probability 

Here X is a random variable which tells you whether 

           a randomly chosen UF student supports the 

           introduction of negative grade.
           A Binomial distribution is a generalization of a 

           binary distribution when some                      

           trials are conducted, and the outcome of each trial
           represents a binary random variable. 
           It is generally used to calculate the probability of a 
           fixed number of positive responses (or successes).

Eg : Suppose you ask 10 randomly chosen UF students whether they support the introduction of negative grades. Then what will be the probability that 7 of them supports it?
           For a binomial distribution, the probability of “x” 

           successes out of “n” trials is given by 

P(X=x) = 

In our case, n = 10, x = 7, p = 0.6. So, the required probability will be 
           P (X = 7) = 
If X has a binomial distribution with arguments “n” (number of trials) and “p”(probability of success), then 

               E(X) (= expected # of success) = 

expected # of failures =             and Var(X) = 

Continuous Random Variable : 
As mentioned in Chapter 2, a continuous random variable takes values within an               . It NEVER takes a particular numerical value i.e if X is ANY continuous random variable, then

         P(X = a) = 0 where “a” is ANY number

         Thus, we cannot display the probability distribution of 
         a continuous random variable like we did for a discrete 
         random variable. Instead, the probability distribution 
         of a continuous random variable assigns a probability 

         to every possible interval its value can belong to.  
The                       distribution is the most popular of the continuous distributions. It is                                    

                       and is characterized by a mean µ and standard deviation σ.  
          Thus, according to the Empirical rule, 

        68% of the observations lie between 
        95% of the observations lie between 
        99.7% of the observations lie between 
        The z-score corresponding to the observed 
        value “x” of a random variable is the number of 
        standard deviations that x falls from the mean µ. It is 

        given by 
                                  z = 

         z-scores are a very commonly used tool for solving  

         problems related to normal distributions. 
Eg : Suppose that in March 2006, household electricity usage in Gainesville had a normal distribution with a mean of 673 and standard deviation 556 kilowatt hours. 
(i) Suppose your usage was 730 k-w hrs. Then the corresponding z score would be 
                       z = 

Its cumulative probability (area below 730 under a normal curve with mean 673 and s.d 556) is about .54. This means that 54% of the households had electricity usage below yours.  It also means that your electricity usage was standard deviations above the mean 
electricity usage of Gainesville.
(ii) Now, we want to find the proportion of households with electricity usage greater than 1000 kw hours. This is given by

                      P(x > 1000)

                 =   P[(x - µ)/σ >                         ] 
                 =   P(z > 0.588)
From the normal tables, we get the area below 0.588 (or, 0.59) to be 0.7224. So, the area above 0.59 would be                        . Thus, about             of the households in Gainesville spent more 1000 k-w hours of energy. 
        Sampling distribution of a sample statistic (sample 

        mean or sample proportion) is a reflection of the 
        possible values of the statistic (in repeated sampling) 
        along with the corresponding probabilities. 
        Suppose we select 1000 random samples of UF 

        students, each of size 100. For each of the samples 

        (containing 100 UF students), you measure their 

        average height. So, you will end up 1000 average 

        height values (i.e the sample means or x-bar). The 

        sampling distribution of x-bar will be the distribution 

        of the 1000 average height values.
Let X1,…,Xn be a random sample of size n from a population which has a distribution with mean μ             and standard deviation σ. Let x-bar be the sample mean. Then, the sampling distribution of x-bar also has mean μ but its standard deviation is              

instead of  σ.             is known as the standard error of  x-bar  .            

         The standard error of x-bar measures the variation in 

         the values of x-bar for different samples. Thus, it gives 

         us an idea of how close, on average, are the values of 

         the sample statistics to the parameter value. Since, we 
         usually donot know σ, we estimate it by s where s is 
         the sample standard deviation of our sample.
The Central Limit Theorem states that, no matter what the shape of the population distribution is, the sampling distribution of the sample mean becomes more and more bell shaped (vis-a-vis Normal) as the sample size increases. This is one of the most powerful results in the whole of Statistics.
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