AP Stats Chapter 5: Probability: What are the chances?


Name:______________________________         Notes

Lesson 5.1: Randomness, Probability and simulation

Law of large numbers:
Simulation:  Imitation of chance behavior, based on a model that accurately reflects the situation.
· Questions to ask ourselves and include in the simulation/answer when using a table of random digits:

1. What do the numbers represent?

2. Do we need to skip any numbers?

3. What happens if a number is repeated?

4. When do we stop looking at numbers?

5. What response variable are we keeping track of?

6. How many trials are we running?

7. What answer does our simulation suggest?

Probability:

(Chance behavior is unpredictable in the short run but has a regular and predictable pattern in the long run.
Trial:

Outcome:

Event:
Shooting Ducks at a Carnival

There are 10 brothers at a shooting gallery at the State Fair.  Each brother is a perfect shot.  Ten cardboard ducks appear simultaneously, and each shooter picks one of the ten ducks at random and hits his target.  We will assume they are allowed only 1 shot.
 
Clearly, it is unlikely that each of the ten shooters will pick a unique duck to shoot.  So it is likely that one or more of the ten ducks will “survive.”  On average, how many ducks would you expect to survive?  Make a conjecture.
Simulate this experiment using class volunteers.
· Prediction:____________

· Shot:________________

· Survived:_____________

· Actual survival rate:_______

Simulate this experiment using a table of random digits
	2  8  9  1  8
	6  9  5  7  8
	8  8  2  3  1
	3  3  2  7  6
	7  0  9  9  7
	7  9  9  3  6
	5  6  8  6  5
	9  0  1  0  6

	6  3  5  5  3
	4  0  9  6  1
	4  8  2  3  5
	0  3  4  2  7
	4  9  6  2  6
	6  9  4  4  5
	1  8  6  6  3
	5  2  1  8  0


Questions to ask ourselves and include in the simulation/answer when using a table of random digits:

1. What do the numbers represent?

2. Do we need to skip any numbers?

3. What happens if a number is repeated?

4. When do we stop looking at numbers?

5. What response variable are we keeping track of?

6. How many trials are we running?

7. What answer does our simulation suggest?
Example 2:  Suppose a basketball player has an 80% free throw success rate.  How many shots might he/she be able to make in a row without missing?
	0  9  4  2  9
	9  3  9  6  9
	5  2  6  3  6
	9  2  7  3  7
	8  8  9  7  4
	3  3  4  8  8
	3  6  3  2  0
	3  0  0  1  5

	1  0  3  6  5
	6  1  1  2  9
	8  7  5  2  9
	8  5  6  8  9 
	4  8  2  3  7
	5  2  2  6  7
	6  7  6  8  9
	0  1  5  1  1

	0  7  1  1  9
	9  7  3  3  6
	7  1  0  4  8
	0  8  1  7  8
	7  7  2  3  3
	1  3  9  1  6
	4  7  5  6  4
	9  7  7  3  5


1. What do the numbers represent?______________________
Trials:
2. Do we need to skip any numbers?______________________

3. What happens if a number is repeated?_________________

4. When do we stop looking at numbers?__________________
5. What response variable are we keeping track of?__________
6. How many trials are we running?________________________
7. What answer does our simulation suggest?_________________
__________________________________________________
_____
____________________________________________

_________________________________________________























Average:
Example 3:   Suppose a basketball player has a 72% free throw success rate.  How many shots might he/she be able to make out of 5 chances in the fourth quarter?

	1  0  4  8  0
	1  5  0  1  1
	0  1  5  3  6
	0  2  0  1  1
	8  1  6  4  7
	9  1  6  4  6
	6  9  1  7  9
	1  4  1  9  4

	2  2  3  6  8
	4  6  5  7  3
	2  5  5  9  5
	8  5  3  9  3
	3  0  9  9  5
	8  9  1  9  8
	2  7  9  8  2
	5  3  4  0  2


1. What do the numbers represent?______________________
Trials:
2. Do we need to skip any numbers?______________________

3. What happens if a number is repeated?_________________

4. When do we stop looking at numbers?__________________
5. What response variable are we keeping track of?__________
6. How many trials are we running?________________________
7. What answer does our simulation suggest?_________________
__________________________________________________
_____
____________________________________________

_________________________________________________























Average:

Example 4:   Suppose a basketball player has a 90% free throw success rate.  What is the chance that he/she makes both shots when going to the line to shoot two?

	2  4  1  3  0
	4  8  3  6  0
	2  2  5  2  7
	9  7  2  6  5
	7  6  3  9  3
	6  4  8  0  9
	1  5  1  7  9
	2  4  8  3  0

	4  2  1  6  7
	9  3  0  9  3
	0  6  2  4  3
	6  1  6  8  0
	0  7  8  5  6
	1  6  3  7  6
	3  9  4  4  0
	5  3  5  3  7

	3  7  5  7  0
	3  9  9  7  5
	8  1  8  3  7
	1  6  6  5  6
	0  6  1  2  1
	9  1  7  8  2
	6  0  4  6  8
	8  1  3  0  5


1. What do the numbers represent?______________________
Trials:
2. Do we need to skip any numbers?______________________

3. What happens if a number is repeated?_________________

4. When do we stop looking at numbers?__________________
5. What response variable are we keeping track of?__________
6. How many trials are we running?________________________
7. What answer does our simulation suggest?_________________
__________________________________________________
_____
____________________________________________

_________________________________________________























Average:

Example 5:   Suppose a basketball player has an 65% free throw success rate.  How many points could he/she make in a 1-and-1 situation?  (You get to shoot the second shot only if the first shot is successful.)
	7  7  9  2  1
	0  6  9  0  7
	1  1  0  0  8
	4  2  7  5  1
	2  7  7  5  6
	5  3  4  9  8
	1  8  6  0  2
	7  0  6  5  9

	9  9  5  6  2
	7  2  9  0  5
	5  6  4  2  0
	6  9  9  9  4
	9  8  8  7  2
	3  1  0  1  6
	7  1  1  9  4
	1  8  7  3  8

	9  6  3  0  1
	9  1  9  7  7
	0  5  4  6  3
	0  7  9  7  2
	1  8  8  7  6
	2  0  9  2  2
	9  4  5  9  5
	5  6  8  6  9


1. What do the numbers represent?______________________
Trials:
2. Do we need to skip any numbers?______________________

3. What happens if a number is repeated?_________________

4. When do we stop looking at numbers?__________________
5. What response variable are we keeping track of?__________
6. How many trials are we running?________________________
7. What answer does our simulation suggest?_________________
__________________________________________________
_____
____________________________________________

_________________________________________________























Average:

Example 6:   Say you are playing a game with 7 cards.  One of the cards is a Joker.  You choose cards one at a time without replacement.  If you select the Joker on the first try you win $100.  If you get the Joker on the second try you win $50, the third try you win $20, the fourth try you win $10, and if it takes you 5, 6, or 7 tries you win nothing.  Run a simulation to predict how much money you can expect to win playing this game.  How much money would you charge to play the game?

	8  9  5  7  9
	1  4  3  4  2 
	6  3  6  6  1
	1  0  2  8  1
	7  4  5  5  3
	1  8  1  0  3
	5  7  7  4  0
	8  4  3  7  8

	8  5  4  7  5
	3  6  8  5  7
	5  3  3  4  2
	5  3  9  8  8
	5  3  0  6  0
	5  9  5  3  3
	3  8   8  6  7
	6  2  3  0  0


1. What do the numbers represent?______________________
Trials:
2. Do we need to skip any numbers?______________________

3. What happens if a number is repeated?_________________

4. When do we stop looking at numbers?__________________
5. What response variable are we keeping track of?__________
6. How many trials are we running?________________________
7. What answer does our simulation suggest?_________________
__________________________________________________
_____
____________________________________________

_________________________________________________























Average:

Example 7:   Libby is preparing sweet potato pies as her dessert for Thanksgiving.  The store she shops at sells six sweet potatoes in a bag.  She has found that each bag will contain 0, 1, or 2 bad sweet potatoes.  Based on experience, she estimates that there will be no bad sweet potatoes in 40% of the bags, one bad sweet potato in 30% of the bags, and two bad sweet potatoes in the rest.  Conduct a simulation to estimate how many bags Libby will have to purchase to have three dozen good sweet potatoes.

	5  1  0  8  5
	1  2  7  6  5
	5  1  8  2  1
	5  1  2  5  9
	7  7  4  5  2
	1  6  3  0  8
	6  0  7  5  6
	9  2  1  4  4

	0  2  3  6  8
	2  1  3  8  2
	5  2  4  0  4
	6  0  2  6  8
	8  9  3  6  8
	1  9  8  8  5
	5  5  3  2  2
	4  4  8  1  9

	0  1  0  1  1
	5  4  0  9  2
	3  3  3  6  2
	9  4  9  0  4
	3  1  2  7  3
	0  4  1  4  6
	1  8  5  9  4
	2  9  8  5  2

	5  2  1  6  2
	5  3  9  1  6
	4  6  3  6  9
	5  8  5  8  6
	2  3  2  1  6
	1  4  5  1  3
	8  3  1  4  9
	9  8  7  3  6

	0  7  0  5  6
	9  7  6  2  8
	3  3  7  8  7
	0  9  9  9  8
	4  2  6  9  8
	0  6  6  9  1
	7  6  9  8  8
	1  3  6  0  2


1. What do the numbers represent?______________________
Trials:
2. Do we need to skip any numbers?______________________

3. What happens if a number is repeated?_________________

4. When do we stop looking at numbers?__________________
5. What response variable are we keeping track of?__________
6. How many trials are we running?________________________
7. What answer does our simulation suggest?_________________
__________________________________________________
_____
____________________________________________

_________________________________________________























Average:

Other Stuff to Think About
How would you assign random digits to outcomes for the following?


30% like mint chip ice cream, 40% like quarterback crunch, and 30% like strawberry.


15% like rainbow sherbet, 48% like chocolate, and the rest like peppermint.



50% like rocky road and 50% like cookies n’ cream.  (Think of more than one way. )

What can you use in a simulation besides random digits?

In what situation would you need to skip a repeated number?

Lesson 5.2: Probability Rules:

· Probability Model:  A description of some chance process that consists of two parts: a sample space and a probability for each outcome.
· Sample Space S:  The set of all possible outcomes.
Example 1:  Many board games involve rolling dice.  Imagine rolling two fair, six-sided dice—one that is red and one that is green.  Give the probability model for this chance process.  

Solution:  There are 36 possible outcomes when we roll two dice and record the number of spots showing on the up-faces.  Here is a display of the outcomes.  They make up the sample space S.  If the dice are perfectly balanced, all 36 outcomes will be equally likely.  That is, each of the 36 outcomes will come up on one thirty-sixth of all rolls in the long run.  So each outcome has probability 1/36.
[image: image1.jpg]



· Event:  any collection of outcomes from some chance process.  It is a subset of the sample space.  (Use capitol letters)
Example 2:  What is the probability of a sum of 5? 

P(A) = 4/36

Example 3:  What is the probability the sum is not 5?

P(B) = 32/36

Notice that the probability of event A and event B is 1?

Example 4: What is the probability of the sum is 6?

P(C) = 5/36

Example 5:  What is the probability the sum is 5 or 6?  



P(A) + P(C) = 4/36 + 5/36 = 9/36
In other words, P(A or C) = P(A) + P(C).
· Basic rules of Probability:

Rule 1:

Rule 2:

Rule 3:

Rule 4:

· Mutually exclusive (disjoint):
· Addition rule for mutually exclusive events:
Let’s do Check your understanding on pg. 303:
1.

2. 

3.

Two way tables and Probability:

Example 6:  Who Owns a Home?

What is the relationship between educational achievement and home ownership?  A random sample of 500 people who participated in the 2000 census was chosen.  Each member of the sample was identified as a high school graduate (or not) and as a home owner (or not).  The two-way table displays the data.

	
	High 

School 

Graduate
	Not a 

High 

School 

Graduate
	Total

	Homeowner
	221
	119
	340

	Not a Homeowner
	89
	71
	160

	Total
	310
	190
	500


Problem: Suppose we choose a member of the sample at random.  Find the probability that the member


(a) is a high school graduate_____________________________________


(b) is a high school graduate and owns a home________________________


(c) is a high school graduate or owns a home___________________________________________________________________________________________________________________________________________________________________________________________________________________

Here is a Venn Diagram of the problem:

[image: image2.jpg]Sample space

Outcomes here are

double-counted by
P(A) + P(B)

Event B

pierced ears

P(B) = 103/178

Event A
male
P(A) =90/178

Event A and B
male and pierced ears
P(A and B) = 19/178





· General addition rule for 2 events:

· Complement Rule:
· Independent:
Example 7:   Probability Rules: Say you are selecting a card from a standard deck of cards.{Deck contains 52 cards: 13 spades (black), 13 hearts (red), 13 clubs (black) and 13 diamonds (red).  Face cards are Jack, Queen, and King in each suit.}
A)  You draw a card from a deck of cards.  What is the probability you select a red card or a 7?

B) Say you select 2 cards with replacement.  What is the probability you get 2 black cards?

Example 8: You bought a new set of four tires from a manufacturer who just announced a recall because 2% of those tires are defective.  What is the probability that at least one of yours is defective?
Example 9:  For a sales promotion, the manufacturer places winning symbols under the caps of 10% of all Pepsi bottles.  You buy a six-pack.  What is the probability that you win something?

Example 10:The Masterfoods company says that before the introduction of purple, yellow candies made up 20% of their plain M&M’s, red another 20%, and orange, blue, and green each made up 10%.  The rest were brown.  

A)  If you pick an M&M at random, what is the probability that…

· it is yellow or orange?

· it is not green?

· it is striped?

B)  If you pick three M&M’s in a row, what is the probability that …

· they are all brown?

· the third one is the first one that’s red?

· none are yellow?

· at least one is green?

C)  If you draw one M&M, are the events of getting a red one and getting an orange one disjoint or independent or neither?

D)  If you draw two M&M’s one after the other, are the events of getting a red on the first and a red on the second disjoint or independent or neither?

E)  Can disjoint events ever be independent?

Lesson 5.3:  Conditional Probability and Independence

· Conditional probability:
· Independent events:
· Tree diagrams:
· General Multiplication Rule:
· Multiplication rule for independent events:
· Conditional probability formula:
Review of Sample Space:  

Example:  Say there is a bored penguin flipping a coin.  He flips the coin twice.  Record the order of heads and tails.  List the sample space and tell whether you think each outcome is equally likely.

Example:  Say the bored penguin comes up with something else to do.  He’s going to flip a coin until he gets a tail or 3 consecutive heads.  List the sample space and tell whether you think each outcome is equally likely.

Review of Venn Diagrams:

Example:  Real estate ads in the North Pole claim that 64% of polar bear caves have only one entrance, 21% of caves contain hieroglyphics and 17% have both features.  What is the probability that a polar bear cave has…

· Only one entrance or hieroglyphics?

· Neither only one entrance nor hieroglyphics?

· Only one entrance but no hieroglyphics?

Review of Frequency Tables (Chapter 3):

Example:   Below is a table that shows the age of 310 people surveyed and their favorite animal.

	
	3-12 years old
	13-22 years old
	23-32 years old

	Penguins
	135
	50
	60

	Polar Bears
	15
	20
	30


If we select a person at random from this sample:

· What is the probability that the person’s favorite animal was a penguin?

· What is the probability that the person is 22 years old or younger?

· What is the probability that the person is 23-32 years old and likes polar bears?

· What is the probability that the person is 3-12 years old or likes penguins?

Conditional Probability:  Think about it OR Use the formula.

Still using the table above:

· What is the probability that a person who likes polar bears is 3-12 years old?

· What is the probability that a person likes polar bears given that they are 3-12 years old?

Another Example:  Say 30 penguins and 20 polar bears are at a party.  17 of the penguins and 9 of the polar bears are male.  Find each of the following probabilities if one animal is selected at random:

· The animal is male, given that it is a polar bear.

· The animal is a polar bear, given that it is a female.

· The animal is female, given that it is a penguin.

Conditional Probability and Independence:

Part Two of this Example:  Real estate ads in the North Pole claim that 64% of polar bear caves have only one entrance, 21% of caves contain hieroglyphics and 17% have both features.  

· If a polar bear cave has only one entrance, what’s the probability that is has hieroglyphics too?

· Are having only one entrance and hieroglyphics disjoint (mutually exclusive)?  Explain.

· Are having only one entrance and hieroglyphics independent?  Explain.

Sampling Without Replacement:

Example:  A polar bear is playing with a deck of cards.  This is a nice polar bear so she deals you a hand of three cards, one at a time, without replacement.  Find the probability of each of the following:

· The first heart you get is the third card dealt.

· Your cards are all red.

· You get no spades.

· You have at least one ace.

Another example:  A penguin is trying to get his old gameboy to work.  It needs new batteries.  The penguin has 12 batteries and knows that 5 of them are dead.  He starts picking batteries one at a time and tests them.  Find the probability of each outcome:

· The first two batteries are both good.

· At least one of the first three works.

· The first four that are chosen all work.

· The penguin has to pick 5 batteries in order to find one that works.
Tree Diagrams:

Example:  A survey is done at a preschool.  Kids were asked if they liked polar bears or penguins more.  55% of kids at the preschool are female.  Of the females, 75% liked penguins.  Of the males, 30% liked penguins.

Make a tree diagram.

What’s the probability that a kid who likes polar bears is male?

What’s the probability that a kid who likes penguins is female?

Another example:  Penguins are going to surfing college.  70% of penguins had parents that went to surfing college.  60% of penguins whose parents went to surfing college get financial aid from polar bear bank.  Only 30% of penguins whose parents did not go to surfing college get financial aid from polar bear bank.

What’s the probability that if you did not get financial aid from polar bear bank that your parents went to surfing college?

Event A


HS Grad


P(A) =310/500








Event A and B


HS Grad and owns home


P(A and B) =221/500








Event B


Owns a home


P(B) =340/500











