Friday, November 14:  6.1
Discrete Random Variables





Start Penny Activity! – Use n = 1, 5, 20
Read 347–350

Can skip APGAR example if short on time.



Ask students to interpret P(X 
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 1) on page 348. 

What is a random variable?  Give some examples.

What is a probability distribution?  

Emphasize that “distribution” has the same meaning as it has in other chapters—it describes the possible outcomes and how likely they are.  Can be in table or histogram.
What is a discrete random variable?  Give some examples. 

Even though it takes a fixed set of values, it could be an infinite set (e.g. geometric distribution)


To illustrate “gaps between” compare number lines for shoe size and length of foot.


Often discrete RVs are things you count.
Alternate Example: How many languages?  

Imagine selecting a U.S. high school student at random.  Define the random variable X = number of languages spoken by the randomly selected student.  The table below gives the probability distribution of X, based on a sample of students from the U.S. Census at School database.  

	Languages:
	1
	2
	3
	4
	5

	Probability:
	0.630
	0.295
	0.065
	0.008
	0.002


(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 a randomly selected student speaks at least 3 languages?  More than 3?


Ask how we know this is a discrete RV

In (b), talk about shape, center, and spread

Emphasize how the two answers are different in part (c)!!
Note:  Save histogram on board to illustrate mean on next page
Interpret the probabilities in (c)
Alternate Example:  Roulette

One wager players can make in Roulette is called a “corner bet.”  To make this bet, a player places his chips on the intersection of four numbered squares on the Roulette table.  If one of these numbers comes up on the wheel and the player bet $1, the player gets his $1 back plus $8 more.  Otherwise, the casino keeps the original $1 bet.  If X = net gain from a single $1 corner bet, the possible outcomes are x = –1 or x = 8.  Here is the probability distribution of X:

	Value:
	–$1
	$8

	Probability:
	34/38
	4/38


If a player were to make this $1 bet over and over, what would be the player’s average gain?  

In the long run, the player loses $1 in 34 of every 38 games and gains $8 in 4 of every 38 games.  Imagine a hypothetical 38 bets.  The player’s average gain is:
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If a player were to make $1 corner bets many, many times, the average gain would be about –$0.05 per bet.  In other words, in the long run, the casino keeps about 5 cents of every dollar bet in roulette.  

Read 350–352
How do you calculate the mean (expected value) of a discrete random variable?  Is the formula on the formula sheet?
How do you interpret the mean (expected value) of a discrete random variable?  

Use Fathom file: Chapter 6 Notes Roulette 
Alternate Example: Calculate and interpret the mean of the random variable X in the languages example on the previous page.  

Use histogram from earlier to remind kids that mean = balance point. 
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= 1.457.
Does the expected value of a random variable have to equal one of the possible values of the random variable?  Should expected values be rounded?

HW #44 page 359 (1–13 odd, 31–34)

Monday, November 17:  6.1 continued

Read 352–354
How do you calculate the variance and standard deviation of a discrete random variable?  Are these formulas on the formula sheet?  
How do you interpret the standard deviation of a discrete random variable?


The average distance the outcomes are from the mean
The “red/black” and “corner” bets in Roulette both had the same expected value.  How do you think their standard deviations compare?  Calculate them both to confirm your answer.  

Show both histograms on same scale to introduce SD

Red/black: 
[image: image7.wmf]s

 = $0.998

Corner: 
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 = $2.762—much more variable 
Read article: http://www.washingtonpost.com/blogs/football-insider/post/redskins-need-to-take-more-risks-on-offense/2011/11/09/gIQA3R2S5M_blog.html (increasing variability on purpose is a good strategy when faced with a better opponent).  SD is used to measure risk for investments. 
Use your calculator to calculate and interpret the standard deviation of X in the languages example.  
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The standard deviation of X is 
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Are there any dangers to be aware of when using the calculator to find the mean and standard deviation of a discrete random variable?

Must show some work to get credit.  First couple of terms is fine.


Must turn the “Freq” back to 1 after graphing a probability histogram.

Read 355–358 
Save until the end of the notes
What is a continuous random variable?  Give some examples.

Remind students about the shoe size vs. foot length example from an earlier teaching tip to illustrate the difference between discrete (gaps between values) and continuous random variables (no gaps between values).  
Other examples include the amount of time it takes to run the 110 meter hurdles (continuous) vs. the number of hurdles cleanly jumped over (discrete) and a student’s age (continuous) and the number of birthdays they have had (discrete).  
Is it possible to have a shoe size = 8?  Is it possible to have a foot length = 8 inches?  

Yes for shoe size.   No for foot length: 8 = 8.00000000000000000000……

How many possible foot lengths are there?  How can we graph the distribution of foot length?

Infinite.  A histogram with an infinite number of really skinny rectangles that add to 1.  Ends up looking like a density curve!
How do we find probabilities for continuous random variables?  


Areas under a density curve.  
For a continuous random variable X, how is P(X < a) related to P(X ≤ a)?

Same!  The boundary line adds no area.  Another way to illustrate why continuous probability models assign probability 0 to every individual outcome is to remember that each outcome is just one of an infinite number of possible outcomes, so the probability is 1/
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Alternate example:  Weights of Three-Year-Old Females

The weights of three-year-old females closely follow a Normal distribution with a mean of 
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 = 30.7 pounds and a standard deviation of 
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 = 3.6 pounds.  Randomly choose one three-year-old female and call her weight X.  
(a)  Find the probability that the randomly selected three-year-old female weighs at least 30 pounds.  


Discuss why weight is continuous.  Address P(weight = 30).  

Remind kids about showing work on Normal calculations!
(b)  Find the probability that a randomly selected three-year-old female weighs between 25 and 35 pounds.
(c) If P(X < k) = 0.8, find the value of k.  

HW #45: page 360 (14, 18, 19, 23, 25, 27–30)

Tuesday, November 18:  6.2 Transforming Random Variables

Note: the following two pages of notes correspond to pages 363–369
Alternate Example:  El Dorado Community College

El Dorado 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 El Dorado Community College 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. 


Mean = 14.65, SD = 2.056

Draw histogram on board and keep erasing and redoing scale to illustrate shape not changing.
At El Dorado Community College, the tuition for full-time students is $50 per unit.  So, if T = tuition charge for a randomly selected full-time student, T = 50X.  Here’s the probability distribution for T:
	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 the mean and standard deviation of T. 

Discuss where values in the table came from: 600 = 50(12)
What is the effect of multiplying or dividing a random variable by a constant?  
Make sure to address shape, center, and spread
In addition to tuition charges, each full-time student at El Dorado Community College is assessed student 
PERIOD 4: 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 the mean and standard deviation of C. 

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

Make sure to address shape, center, and spread

What is a linear transformation?  How does a linear transformation affect the mean and standard deviation of a random variable?

Alternate Example:  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?

If there is time left, either start next lesson or let students work on projects
HW #46 page 382 (35, 37, 39, 40, 41, 43, 45)

Wednesday, November 19:  6.2 Combining Random Variables        
Note: the next 2 pages of notes correspond to pages 369–381
Alternate Example: Speed Dating

Suppose that the height M of male speed daters follows a Normal distribution with a mean of 68.5 inches and a standard deviation of 4 inches and the height F of female speed daters follows a Normal distribution with a mean of 64 inches and a standard deviation of 3 inches.  What is the probability that a randomly selected male speed dater is taller than the randomly selected female speed dater he is paired with?  

Simulation approach:

Have each student generate a random male and random female height using randNorm.  Calculate the proportion of times that male > female.  

Do this on Fathom.  Look at distributions of M, F, and have students try to anticipate shape, center, and spread of M–F

Based on the simulation, what conclusions can we make about the shape, center, and spread of the distribution of a difference (and sum) of Normal RVs?  

Note relationship to Pythagorean Theorem—also has a condition for using

If variables are not independent, you can use the “Law of Cosines”, but AP only requires independent case (see topic outline in front end papers)
Note that this generalizes to more than 2 random variables

Note that shape of sum/diff will vary depending on shape of components

Non-simulation approach:
Alternate Example:  Suppose that 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?

Let X = weight of a randomly selected apple.  Then X1 = weight of first randomly selected apple, etc.  We are interested in the total weight T = X1 + X2 + 
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+ X12.  Our goal is to find P(T < 100).  

Because T is a sum of 12 independent Normal random variables, T follows a Normal distribution with mean 
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 = 1.52 + 1.52 + 
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+ 1.52 = 27.  The standard deviation is 
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P(T < 100) = normalcdf(–99999, 100, 108, 5.2) = 0.0620.

There is about a 6.2% chance that the 12 randomly selected apples will have a total weight of less than 100 ounces.  

Alternate Example: Let B = the amount spent on books in the fall semester for a randomly selected full-time student at El Dorado Community College.  Suppose that
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.  Recall from earlier that C = overall cost for tuition and fees for a randomly selected full-time student at El Dorado 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 El Dorado Community College.  What is the shape of the distribution?
The mean is 
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 = 832.50 + 153 = $985.50.  The standard deviation cannot be calculated since the cost for tuition and fees and the cost for books are not independent.  Students who take more units will typically have to buy more books.  


Shape is hard to determine.  
If time, do #57 and #58 in class and read examples on pages 380, 381
HW #47: page 384 (47, 51, 57, 58, 59, 61, 63, 65, 66)
Friday, November 21: More practice with Section 6.2




(sub)

HW #48: page 383 (38, 42, 46, 50, 52, 60, 62, 64)

Monday, November 24:  6.3 Binomial Distributions


(90 minutes)
 
Read 386–389
What are the conditions for a binomial setting?  


Use S = Same probability of success
What is a binomial random variable?  What are the possible values of a binomial random variable?


Note that binomial variables are discrete!
What are the parameters of a binomial distribution?  

What is the most common mistake students make on binomial distribution questions?

On many questions involving binomial settings, students do not recognize that using the binomial distribution is appropriate.  In fact, free response questions about the binomial distribution are often among the lowest scoring questions on the exam.  Make sure to spend plenty of time learning how to identify a binomial distribution and suggest to your students that when they aren’t sure how to answer a probability question, check if it is a binomial setting.
Alternate Example:  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.  

(a) Binary?  Yes, success = six, failure = not a six.  Independent?  Yes, knowing the outcomes of past rolls doesn’t provide additional information about the outcomes of future rolls.  Number?  Yes, there are 10 trials.  Success?  Yes, the probability of success is always 1/6.  This is a binomial setting.  X is binomial with n = 10 and p = 1/6.  

(b) Binary?  Yes, success = make the shot, failure = miss the shot.  Independent?  Yes, evidence suggests it is reasonable to assume that making a shot doesn’t change the probability of making the next shot.  Trials?  Yes, there are 20 trials.  Success?  No, the probability of success changes because the shots are taken from various distances.  

(c) Binary?  No.  There are more than two possible colors.  Also, C is not even a random variable since the outcomes aren’t numerical.  

Note: The following 2 pages in the notes correspond to pages 390–393.
Alternate Example:  Rolling Sixes
In many games involving dice, rolling a 6 is desirable. The probability of rolling a six when rolling a fair die is 1/6.  If X = the number of sixes in 4 rolls of a fair die, then X is binomial with n = 4 and p = 1/6.  

What is P(X = 0)?  That is, what is the probability that all 4 rolls are not sixes?  
Since the probability of not getting six is 1 – 1/6 = 5/6, P(X = 0) = P(FFFF) = (5/6)(5/6)(5/6)(5/6) = (5/6)4 =  0.482.  Note: F represents a failure and S represents a Success.  

What is P(X = 1)?  
There are four different ways to roll a six once in four tries.  For example, the six could occur on the first try (SFFF), the second try (FSFF), the third try (FFSF) or the fourth try (FFFS).  


P(SFFF) = (1/6)(5/6)(5/6)(5/6) = (1/6)(5/6)3 


P(FSFF) = (5/6)(1/6)(5/6)(5/6) = (1/6)(5/6)3

P(FFSF) = (5/6)(5/6)(1/6)(5/6) = (1/6)(5/6)3

P(FFFS) = (5/6)(5/6)(5/6)(1/6) = (1/6)(5/6)3
Thus, the probability of rolling a six once in 4 attempts is P(X = 1) = 4(1/6)(5/6)3 = 0.386.
What about P(X = 2), P(X = 3), P(X = 4)?
Lead students to discover the formula for binomial probabilities.
In general, how can we calculate binomial probabilities?  Is the formula on the formula sheet?  
Alternate Example:  Roulette

In Roulette, 18 of the 38 spaces on the wheel are black.  Suppose you observe the next 10 spins of a roulette wheel.

(a) What is the probability that exactly 4 of the spins land on black?  

(b) What is the probability that at least 8 of the spins land on black?  


Make sure to define the variable and distribution!!

HW #49: page 410 (69–79 odd)

Tuesday, November 25:  6.3 More about the Binomial Distribution 

Read 394–396

How can you calculate binomial probabilities on the calculator?  


Use the examples above or #79 in HW

Talk about Catalog Help/new operating system!

Talk about how to generate the entire probability distribution.
Is it OK to use the binompdf and binomcdf commands on the AP exam?  
Note:  The following page of notes corresponds to pages 397–400.  

How can you calculate the mean and SD of a binomial distribution?  Are these on the formula sheet?  

Use the number of sixes example to calculate expected value long way and reveal np

Just give them the formula for SD
Alternate example: Roulette

Let X = the number of the next 10 spins of a roulette wheel that land on black.

(a) Calculate and interpret the mean and standard deviation of X.


Start with a simulation and dotplot to help with interpretations.  

(b) How often will the number of spins that land on black be within one standard deviation of the mean?

Read 401–402 
Note: we are skipping the Normal approximation to the binomial distribution
When is it OK to use the binomial distribution when sampling without replacement?  Why is this an issue?  

10% condition
Alternate Example: In the NASCAR Cards and Cereal Boxes example from Section 5.1, we read about a cereal company that put one of 5 different cards into each box of cereal.  Each card featured a different driver: Jeff Gordon, Dale Earnhardt, Jr., Tony Stewart, Danica Patrick, or Jimmie Johnson.  Suppose that the company printed 20,000 of each card, so there were 100,000 total boxes of cereal with a card inside.  If a person bought 6 boxes at random, what is the probability of getting 2 Danica Patrick cards?  

If X is the number of Danica Patrick cards obtained from 6 different boxes of cereal.  Since we are sampling without replacement, the trials are not independent, so the distribution of X is not quite binomial—but it is close.  If we assume X is binomial with n = 6 and p = 0.2, then P(X = 2) = 
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The actual probability = 
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 = 0.245766.  Quite close!

HW #50 page 411 (72–80 even, 81–89 odd)
Monday, December 1:  6.3 The Geometric Distribution



 
Read 404–406
What are the conditions for a geometric setting?  

What is a geometric random variable?  What are the possible values of a geometric random variable?


Ex: FFS ( x = 3
What are the parameters of a geometric distribution?   
Alternate Example:  Monopoly

In the board game Monopoly, one way to get out of jail is to roll doubles.  Suppose that a player has to stay in jail until he or she rolls doubles.  The probability of rolling doubles is 1/6.  
(a) Explain why this is a geometric setting.  

(b) Define the geometric random variable and state its distribution.

(c) Find the probability that it takes exactly three rolls to get out of jail.  Exactly four rolls? 100 rolls?
In general, how can you calculate geometric probabilities?  Is this formula on the formula sheet?
Start drawing histogram distribution above.  Comment on shape, lead into mean below.  Also, talk about geometric sequences and series.


On average, how many rolls should it take to escape jail in Monopoly?
In general, how do you calculate the mean of a geometric distribution?  Is the formula on the formula sheet?  

What is the probability it takes longer than average to escape jail?  What does this probability tell you about the shape of the distribution?  


Show histogram.

Mention using the calcualtor
HW #51:  page 412 (93, 95, 97, 98, 101–103)
Tuesday, December 2:  Review / FRAPPY!




 
FRAPPY page 414
HW #52:  page 416 Chapter Review Exercises (skip R6.8)  

Wednesday, December 3:  Review





(half day)
HW #53:  Page 418 Chapter 6 AP Practice Test

Thursday, December 4:  Chapter 6 Test

Monday, December 8:  The Popsicle Stick Problem
An alternative to the German Tanks
In this activity, your job is to develop a method to estimate the total number of popsicle sticks in my bag.  You will obtain a random sample of sticks and should assume that the sticks are numbered sequentially starting from 1.  


For example, suppose a random sample of n = 7 sticks gives the following numbers:  10, 38, 59, 61, 74, 90, 94.  How can you use this information to estimate the total number of sticks (N)?  One possible method would be to take the median value and double it.  In this example, median • 2 = 61 • 2 = 122.  Thus, our estimate for the total number of sticks is 
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= 122.  

For this activity you will create several other statistics to estimate the total number of sticks.  Remember, a statistic is any quantity computed from the values in a sample.  You may use any combination of the summary statistics we already know (mean, median, min, max, quartiles, IQR, standard deviation, etc.) or invent your own.  The goal is to find a relatively simple statistic that reliably predicts the total number of sticks.   

To determine which of your statistics gives the best predictions, you should perform a simulation to generate sampling distributions for each of your three statistics.  For the purposes of the simulation, assume that there are 100 sticks total (N = 100) and that you will be taking samples of size 7 (n = 7).  For each trial of your simulation, generate 7 random numbers from 1–100 and compute the values of each of your three statistics.  Graph each of these values on a separate dotplot and repeat many times.  

At the end of class we will have a contest.  The group with the closest guess and the group with the best statistic will get extra credit!
To choose best statistic, program Fathom to do sampling distributions but label the methods M1, M2, and so on so they are anonymous.  Then have class vote on which is best. 
Tues/Wed, December 9/10:  Project Presentations

Friday, December 12:  Review for Final

Discuss notecard, structure of final
Review old tests, FRAPPYs, Chapter summaries, watch videos, redo chapter review exercises.
HW #54:  page 470 (AP2.1 – AP2.25, skip AP2.3, AP2.16)
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