Standard Deviation for a Discrete Random Variable:  Quantifies how spread out the possible values of a discrete random variable might be (weighted by how likely each value is to occur).  
**We are trying to estimate the spread of random variables (unobserved values).  

Let X be a random variable with possible values x1, x2, x3, … occurring with probabilities p1,p2, p3, …, and with expected value E(x)=
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St. Dev. Of X = 
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Ex.  Suppose you invest $200 in an account to help you earn money.  You have two choices of investment plans, Plan 1 and Plan 2.  

For Each $200 you invested the net gains after one year are:  

	X=Net Gain Plan 1
	Prob.
	Y=Net Gain Plan 2
	Prob.

	$5,000
	.001
	$20
	.3

	$1,000
	.005
	$10
	.2

	$0
	.994
	$4
	.5


To determine the amount of money you will have after one year, calculate E(X) and E(Y).

E(X) = $5,000(.001) + $1,000(.005) + $0(.994) = $10
E(Y) = $20(.3) + $10(.2) + $4(.5) = $10
**The Expected net gain is equivalent for both**

Standard Deviation can tell us which is less risky.

Recall:  
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	5000-10
	24,900,100
	24,900,100(.001)=$24,900.10

	1000-10
	980,100
	980,100(.005)=$4900.50

	0-10
	100
	100(.994)=$99.4


Sum of Last Column=$29,900

S.D. =
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Therefore:  
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	20-10
	100
	100(0.3)=30

	10-10
	0
	0(0.2)=0

	4-10
	36
	36(.5)=18


Sum of Last Column= $48

S.D. = 
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**To invest cautiously, pick Plan 2.  To invest with a chance at gaining a large amount of money pick Plan 1.  

Section 8.4:  Binomial Random Variables
Four conditions must hold for a Binomial Experiment:
1. There are n ‘trials’ where n is determined in advance and is not a random value.

2. There are two possible outcomes on each trial, called ‘success’ and ‘failure’ and denoted S and F

3. The outcomes are independent from one trial to the next.

4. The probability of a ‘success’ remains the same from one trial to the next, and this probability is denoted by p.  The probability of a ‘failure’ is 1-p for every trial.  

A Binomial Random Variable is defined as X=number of successes in the n trials of a binomial experiment.  
**There may be more than two possible outcomes for each trial, but the random variable counts how many times a particular subset of the possibilities occurs.**

Ex.  Rolling a die:  Define a 1, 3, or 5 as a success and a 2, 4, or 6 as a failure.  

**Sampling without replacement from a small population does not produce a binomial random variable**  The probability of success does not remain the same!
P(X=k)=0 for any value k.  

Bernoulli random variable:  A special case of a binomial random variable where the random variable X is either 0 or 1.  

Ex.  Roll two dice.  Random Variable X=number of times sum is 12.   Success=Sum is 12.  Failure=Sum is not 12.  n=1, p=1/36.  

Finding Probabilities for Binomial Random Variables
P(X=k) = 
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 gives the number of simple events in the sample space that have exactly k successes.  (Think of this as a combination).  

2.  
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, give the probability for each of the simple events for which X=k.  

Ex.  Suppose that the probability that you win a game is .4 for each play and plays of the game are independent of one another.  Let X= number of wins in 5 plays.  What is P(X=2), the probability that you win exactly twice in 5 plays?  For this problem, X is a binomial random variable with n=5 and success probability p=0.4.  

Also, 1-p = 1-0.4 = 0.6.  and k=2.  

*  There are 
[image: image23.wmf]10

)

6

(

2

120

)!

2

5

(

!

2

!

5

=

=

-

   simple events that produce X=2.  

*  For each of these simple events, the probability is:  
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**  So the probability of exactly two wins is 

P(X=2) = 10*0.3456 = 0.3456
Expected Value (Mean) and Standard Deviation for a Binomial Random Variable:  
For a binomial random variable X, based on n trials with success probability p,

The mean is 
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The Standard deviation is 
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Ex.  Find the expected value and standard deviation for a binomial random variable with n=5 and p=0.3.
E(X) = np = 5(0.3) = 1.5
St. Dev = 
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Section 8.5:  Continuous Random Variables
A continuous random variable is one for which the outcome can be any value in an interval or collection of intervals.  

**In general if there are a large number of observable outcomes covering an interval or set of intervals.  Ex.  Height, time, weight, and money.**
**For continuous random variables we are only able to determine the probability that X falls between two values.**  

We can do this by determining the area between the two values under a curve called the probability density function of the random variable.    

Probability Density Function (for a continuous random variable X):  A curve such that the area under the curve over an interval equals the probability that X is in that interval.  In other words, the probability that 
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is the area under the density curve over the interval between the values a and b.  

Ex.  Waiting Times
A bus comes to the Nine Mile Park and Ride every 20 minutes.  If a person arrives at the bus stop at a random time, how long will he or she have to wait for the bus?  Define the random variable X=waiting time until the next bus arrives.  The value of X could be any value between 0 and 20 minutes, and X is a continuous random variable.  

Draw Density Function.  

Notice that the height of the curve is 0.05 for all X between 0 and 20.  Therefore the total area between 0 and 20 minutes is (20)(0.05)=1.  

**Also notice the uniformity to this density curve.  Every interval with the same width has the same probability.  Any random variable with this property is called a uniform random variable.  This is the simplest type of continuous random variable and the probability for an interval equals the area of a rectancle**
Ex.  What is the probability that I get to Nine Mile Park and Ride and have to wait between 8 and 12 minutes for the bus.  

Section 8.6:  Normal Random Variables
*Recall from Chapter 2 our discussion of Normal random variables*

Normal Random Variable:  If a population of measurements follows a normal curve, and if X is the measurement for a randomly selected individual from that population.

*Any normal random variable can be completely characterized by its mean and standard deviation.  

*Most common type of continuous random variable*

*For a normal random variable, the probability density curve is the bell-shaped normal curve*

Properties of Normal curves and normal random variables:

1. P(X=k)=0 for any value k.

2. The curve is symmetric on either side of the mean.

Therefore,  
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 for any number d.

4.  The empirical rule holds

Standardized Scores (Z-scores)

Z=
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A z-score measures the number of standard deviations that a value falls from the mean.  

Utilize Table A.1

Ex.  Find the following probabilities for Verbal SAT test scores X, for which the mean is 550 and the standard deviation is 125.  Assume that the SAT scores are described by a normal curve.
a)  
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