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	6.1 Discrete and Continuous Random Variables

	What is a random variable?

	

	What is a probability distribution?

	

	What is a discrete random variable?

	

	Problem 1 – NHL Goals
Define the random variable X = number of goals scored by a randomly selected team in a randomly selected game in the 2010 NHL regular season.  The table below gives the probability distribution of X: 

X:

0

1

2

3

4

5

6

7

8

9

Probability:

0.061

0.154

0.228

0.229

0.173

0.094

0.041

0.015

0.004

0.001

(a) Show that the probability distribution for X is legitimate.

(b) Make a histogram of the probability distribution.  Describe what you see.

(c) What is the probability that the number of goals scored by a randomly selected team in a randomly selected game is at least 6?  More than 6?  



	Problem 2 – Coins
(a)  Construct a probability distribution for the number of heads in 4 tosses of a coin.

(b)  What is the probability that the number of heads in 4 tosses of a coin is at most 2?

(c) What is the probability that the number of heads in 4 tosses of a coin is at least 1?



	What is the mean of a discrete random variable and how is it calculated?


	

	Problem 3 – NHL revisited
Calculate and interpret the mean of the random variable X in the NHL Goals example.  

X:

0

1

2

3

4

5

6

7

8

9

Probability:

0.061

0.154

0.228

0.229

0.173

0.094

0.041

0.015

0.004

0.001



	Problem 4 – Lottery
Suppose you play a lottery game where you must choose a 3 digit number.  You win $500 if you match all three numbers in the correct order.
(a)  Construct a probability distribution for the outcomes of playing this game.

(b)  What is the expected payoff from buying 1 ticket?  What does this mean?  



	What is the Expected Value?

	

	How is the variance and st. dev. of a discrete random variable calculated?

	

	Problem 5 – NHL revisited again!
Calculate the variance and the standard deviation of the random variable X in the NHL Goals example.  

X:

0

1

2

3

4

5

6

7

8

9

Probability:

0.061

0.154

0.228

0.229

0.173

0.094

0.041

0.015

0.004

0.001



	How can we use a calculator to find the statistics of a discrete random variable?


	

	What is a continuous random variable?

	

	How do we display the distribution of a continuous random variable?


	

	Problem 6 – Uniform Distribution
 (a)  Draw a uniform distribution

(b)  Use the distribution to find 
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(c)  Calculate 
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(d)  Calculate  
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(e)  Calculate the probability that X is at most 0.5 or at least 0.8)
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	Problem 7 – weight of 3 year old girls
The weights of three-year-old girls closely follow a Normal distribution with a mean of 
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 = 30.7 pounds and a standard deviation of 3.6 pounds.  Randomly choose one three-year-old girl and call her weight X.  Find the probability that the randomly selected three-year-old girl weighs at least 30 pounds.  



	6.2 Transforming and Combining Random Variables

	Rules for Transforming and Random Variables:

	Problem 8 – Peachtree Community College Part I
a) Peachtree Community College considers a student to be full-time if he or she is taking between 12 and 18 units.  The number of units X that a randomly selected full-time student is taking in the fall semester has the following distribution.  

Number of Units (X)

12

13

14

15

16

17

18

Probability

0.25

0.10

0.05

0.30

0.10

0.05

0.15


Calculate and interpret the mean and standard deviation of X. 

b) At Peachtree Community College, the tuition for full-time students is $50 per unit.  That is, if T = tuition charge for a randomly selected full-time student, T = 50X.  Here is the probability distribution for T and a probability histogram:

Tuition Charge (T)

$600

$650

$700

$750

$800

$850

$900

Probability

0.25

0.10

0.05

0.30

0.10

0.05

0.15


Calculate and interpret the mean and standard deviation of T. 

c) 
In addition to tuition charges, each full-time student at Peachtree Community College is assessed student fees of $100 per semester.  If C = overall cost for a randomly selected full-time student, C = 100 + T.  Here is the probability distribution for C:

Overall Cost (C)

700

750

800

850

900

950

1000

Probability

0.25

0.10

0.05

0.30

0.10

0.05

0.15


Calculate and interpret the mean and standard deviation of C. 



	What is the effect of multiplying or dividing a random variable by a constant?  
What is the effect of adding (or subtracting) a constant to a random variable?



	Effects if a Linear Transformation on a Random Variable

	

	Problem 9 – Scaling a Test
In a large introductory statistics class, the distribution of X = raw scores on a test was approximately normally distributed with a mean of 17.2 and a standard deviation of 3.8.  The professor decides to scale the scores by multiplying the raw scores by 4 and adding 10.  

(a) Define the variable Y to be the scaled score of a randomly selected student from this class.  Find the mean and standard deviation of Y.  

(b) What is the probability that a randomly selected student has a scaled test score of at least 90?



	Rules for Combining and Random Variables:

	Problem 10 – Peachtree Community College Part II
Peachtree Community College also has a campus downtown, specializing in just a few fields of study.  Full time students at the downtown campus only take 3-unit classes.  Let Y = number of units taken in the fall semester by a randomly selected full-time student at the downtown campus.  Here is the probability distribution of Y: 

Number of Units (Y)

12

15

18

Probability

0.3

0.4

0.3

a. Calculate and interpret the mean and standard deviation of Y. 

b. Suppose you randomly select 1 full-time student from the main campus and 1 full-time student from the downtown campus.  What is the expected value of the sum of credits taken?  

c. 
Let S = X + Y.  It is reasonable to assume that X and Y are independent because each student was selected at random.  Therefore,  


P (S = 24) = 

and P (S = 27) = 
Completing the probability distribution of S, we get:

S

24

25

26

27

28

29

30

31

32

33

34

35

36

P (S)

Calculate the mean, variance, and standard deviation of S.  



	Mean of the Sum of Random Variables

	 

	Variance of the Sum of Independent Random Variables

	 

	Problem 11 – Peachtree Community College Part III
Let B = the amount spent on books in the fall semester for a randomly selected full-time student at Peachtree Community College.  Suppose that
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and 
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=

.  Recall from earlier that C = overall cost for tuition and fees for a randomly selected full-time student at Peachtree Community College and 
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 = 832.50 and 
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 = 103.  Find the mean and standard deviation of the cost of tuition, fees and books (C + B ) for a randomly selected full-time student at Peachtree Community College.


	Problem 12 – Peachtree Community College Part IV
(a) At the downtown campus, full-time students pay $55 per unit.  Let Q = cost of tuition for a randomly selected full-time student at the downtown campus.  Using the rules for means and variances, find the mean and standard deviation of Q.

(b) Calculate the mean and standard deviation of the total amount of tuition and fees for a randomly selected full-time student at the main campus and for a randomly selected full-time student at the downtown campus.



	How do you calculate the mean, variance, and standard deviation of a difference of random variables?  

	

	Problem 13 – Peachtree Community College Part V
Suppose we randomly selected one full-time student from each of the two campuses.  What are the mean and standard deviation of the difference in tuition and fee charges, D = T – Q ?


	Problem 14 – Apple Weight
Suppose that the weights of a certain variety of apples have weights that are approximately Normally distributed with a mean of 9 ounces and a standard deviation of 1.5 ounces.  If bags of apples are filled by randomly selecting 12 apples, what is the probability that the sum of the 12 apples is less than 100 ounces?

	Problem 15 – Put a Lid on It!
The diameter C of a randomly selected large drink cup at a fast-food restaurant follows a Normal distribution with a mean of 3.96 inches and a standard deviation of 0.01 inches. The diameter L of a randomly selected large lid at this restaurant follows a Normal distribution with mean 3.98 and standard deviation of 0.02 inches. For a lid to fit on a cup, the value of L has to be bigger than the value of C, but not by more than 0.06 inches.  What’s the probability that a randomly selected large lid will fit on a randomly chosen large drink cup?

	6.3 Binomial and Geometric Random Variables

	The Binomial Distribution

	What are the conditions for a binomial setting?

	1.

2.

3.

4.

	Binomial random variable and binomial distribution  


	

	Problem 16 – Dice, Cars, and Hoops

Determine whether the random variables below have a binomial distribution.  Justify your answer.
(a) Roll a fair die 10 times and let X = the number of sixes.

(b) Shoot a basketball 20 times from various distances on the court.  Let Y = number of shots made.

(c) Observe the next 100 cars that go by and let C = color.  

(d) Deal 10 cards from a shuffled deck and count the number X of red cards.  There are 10 observations, and each gives a red or black card.  A “success” is a red card.


	Problem 17 – Rolling Doubles
In many games involving dice, rolling doubles (the outcomes of two dice are the same) is desirable. The probability of rolling doubles when rolling two dice is 6/36 = 1/6. If X = the number of doubles in 4 rolls of two dice, then X is B (4, 1/6).
a) What is P (X = 0)?

b) What is P (X = 1)?

c) What is P (X = 2)?

d) What is P (X = 3)?

e) What is P (X = 4)?
f) Make a probability distribution table for the random variable X.


	Binomial Probability Formula and Binomial coefficient
	

	Problem 18 – Defective Switches
Suppose you work for a manufacturing company that just received a shipment of switches.  The number of switches that fail inspection has a binomial distribution with n = 10 and p = 0.1.  
a) Find the probability that exactly 0 switches fail.

b) Find the probability that exactly 1 switch fails.

c) What is the probability that in the shipment no more than 1 switch fails?
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d) What is the probability that at least 1 switch fails?



	Using the graphing calculator to find binomial probabilities
	

	How to find Binomial Probabilities

	Step 1:

Step 2:

Step 3:



	Problem 19 – The Last Kiss
Do people have a preference for the last thing they taste? Researchers at the University of Michigan (Go Blue!) designed a study to find out. The researchers gave 22 students five different Hershey’s Kisses in a random order and asked the student to rate each one. Participants were not told how many Kisses they would be tasting. However, when the 5th and final Kiss was presented, participants were told that it would be their last one. Of the 22 students, 14 of them gave the final Kiss the highest rating. Assume that the probability a person prefers the last kiss is 0.2.
a) What is the probability that exactly 14 of the 22 participants would prefer the last Kiss they tried?
b) What is the probability that 14 or more of the 22 participants would prefer the last Kiss they tried?


	Problem 20 – Multiple Choice assessment
Suppose you are taking a 10 question multiple choice quiz.  Each question has 5 choices.  You have no idea how to answer any of them, so you just guess.  Let X = # of correct guesses. Find:

1) Probability you get 4 correct

2) Probability you get 2 or more correct

3) Probability you get no more than 4 correct

4) Probability you pass the quiz



	Mean and Standard Deviation of a Binomial Distribution
	

	Problem 21 – Defective Switches Again
Suppose you work for a manufacturing company that just received a shipment of switches.  The number of switches that fail inspection has a binomial distribution with n = 10 and p = 0.1.  Calculate and interpret the mean and standard deviation for the binomial random variable.


	Problem 22 – Multiple Choice Quiz Again
Suppose you are taking a 10 question multiple choice quiz.  Each question has 5 choices.  You have no idea how to answer any of them, so you just guess.  Let X = # of correct guesses. Calculate and interpret the mean and standard deviation for the binomial random variable.


	Problem 23 – NASCAR cards and Cereal Boxes
A cereal company puts 1 of 5 different cards into each box of cereal.  Each card features a different driver including Danica Patrick. Suppose that the company printed 20,000 of each card, so there are 100,000 total boxes of cereal with a card inside. If a person bought 6 boxes at random, what is the probability of getting no Danica Patrick cards?
a) Calculate the actual probability.

b) Calculate using the binomial distribution.

c) What do you notice about the answers?



	The 10% condition

	

	What happens as the number of observations or trials gets larger and larger?


	

	What rules must be met in order to use the Normal Approximation?


	1.

2.

	What notation is used with the Normal Approximation?


	

	Problem 24 – Teens and Debit Cards 
In a survey of 506 teenagers ages 14 to 18, subjects were asked a variety of questions about personal finance. One question asked teens if they had a debit card. Suppose that exactly 10% of all teens aged 14 to 18 have debit cards. Let X = the number of teens in a random sample of size 506 who have a debit card. 
a) Show that the distribution of X is approximately binomial.
b) Calculate P (X ≤ 40).

c) Check the conditions for using a Normal approximation in this setting.
d) Use a Normal distribution to estimate the probability that 40 or few teens in the sample have debit cards.



	The Geometric Distribution

	What is a geometric random variable?  


	

	What are the conditions for a geometric setting?

	1.

2.

3.

4.

	Problem 25 – Rolling a 3 on a single die

Suppose we roll a single die until we get a 3.  Calculate the following:

P(X = 1) =

P(X = 2) = 

P(X = 3) = 

P(X = n) = 


	What is the general formula for calculating geometric probabilities?


	

	Problem 25 – Get Out of Jail!
In the board game Monopoly, one way to get out of jail is to roll doubles. Suppose that this was the only way a player could get out of jail. The random variable of interest in this example is Y = number of attempts it takes to roll doubles one time. 
a) Does this meet the geometric setting?
b) Find the probability that it takes exactly 3 turns to “get out of jail.”
c) Find the probability that it takes more than 3 turns to “get out of jail” and interpret this value in context.


	Geometric Probability on the Calculator

	

	Problem 26 – Geometric Probability Practice Problems
a. From past experience it is known that 3% of accounts in a large accounting population are in error.  
(i) What is the probability that the 6th account audited is the first one found with an error?
(ii) What is the probability that the first error is found within the first 6 accounts audited?
b. A top NHL hockey player scores on 93% of his shots in a shooting competition.  What is the probability that the player will not miss the goal until his 20th try?

c. Suppose we roll a die until we get a 3.  Calculate the following:

i)  
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	d. Some biology students were checking the eye color for a large number of fruit flies. For an individual fly, suppose that the probability of white eyes is ¼, the probability of red eyes is ¾, and that we may treat these flies as independent trials. 

i) What is the probability that the first fly with white eyes is the fourth fly?

ii) What is the probability that at most four flies have to be checked for eye color to observe a white-eyed fly?

iii) What is the probability that at least four flies have to be checked for eye color to observe a white-eyed fly?



	The Mean and Variance of a Geometric Distribution


	

	Problem 27 – Monopoly

On average, how many rolls should it take to escape jail in Monopoly?  What is the variance and standard deviation?



	Problem 28 – Rolling a die

If you are rolling a fair die, what is the expected number of rolls before a 1 or a 2 is rolled? What is the variance and standard deviation?
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