Chapter 14:  Probability

Section 14.1:  Counting Outcomes 
SOLs:  None
Objectives:  Students will be able to:  

Count outcomes using a tree diagram
Count outcomes using the Fundamental Counting Principle
Vocabulary:  

Tree diagram – 
Sample space – 
event – 
Fundamental Counting Principle  – 
factorial – 
Key Concept:  

[image: image1.emf]Tree Diagram

•

To map out all possible combinations of things, a tree diagram is useful 

to visually see why the Fundamental Counting Principle  works.
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n!, read n-factorial, is defined by the following:
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Examples:

5! = 5 



4 



3 
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1 = 120     

7! = 7 



6 
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5 
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4 
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3 


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

1 = 5040 

Remember too: 5! = 5 



4! 

7! = 7 



6 



5!       (Useful in dividing factorials)


Note:  0! is defined to be 1

Examples:
1. At football games, a student concession stand sells sandwiches on either wheat or rye bread.  The sandwiches come with salami, turkey, or ham, and either chips, a brownie, or fruit.  Use a tree diagram to determine the number of possible sandwich combinations. 

2. The Too Cheap computer company sells custom made personal computers. Customers have a choice of 11 different hard drives, 6 different keyboards, 4 different mice, and 4 different monitors. How many different custom computers can you order? 
3. There are 8 students in the Algebra Club at Central High School. The students want to stand in a line for their yearbook picture. How many different ways could the 8 students stand for their picture? 
4. Find the value of 9!.
5. Jill and Miranda are going to a National Park for their vacation.  Near the campground where they are staying, there are 8 hiking trails. 
a)  How many different ways can they hike all of the trails if they hike each trail only once? 





b) If they only have time to hike on 5 of the trails, how many ways can they do this? 

Concept Summary:


Simple random sample, stratified random sample, and systematic random sample are types of unbiased, or random, samples

Convenience sample and voluntary response sample are types of biased samples

Homework:  none
Section 14.2:  Permutations and Combinations
SOLs:  The student will

A.4

Objectives:  Students will be able to:  


Determine probabilities using permutations

Determine probabilities using combinations

Vocabulary:  

Permutation – 

Combination – 

Key Concept:


[image: image3.emf]Permutation and Combination

•

Permutation is like the order of finish in a race

Order is important!

The permutations of n items taken r at a time is

Example:  How many different ways can 4 teams finish?

•

Combination is like surviving a catastrophe

Order is not important!

The combination of n items taken r at a time is

Example:  How many different groups of 3 can 5 people make?
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Examples:
1. Ms. Baraza asks pairs of students to go in front of her Spanish class to read statements in Spanish, and then to translate the statement into English. One student is the Spanish speaker and one is the English speaker.  If Ms. Baraza has to choose between Jeff, Kathy, Guillermo, Ana, and Patrice, how many different ways can Ms. Baraza pair the students? 

2. Find 
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3. Shaquille has a 5-digit pass code to access his e-mail account. The code is made up of the even digits 2, 4, 6, 8, and 0. Each digit can be used only once.
a.  How many different pass codes could Shaquille have? 



b.  What is the probability that the first two digits of his code are both greater than 5? 

4. Multiple-Choice Test Item:  Customers at Tony’s Pizzeria can choose 4 out of 12 toppings for each pizza for no extra charge. How many different combinations of pizza toppings can be chosen?
A  495
B  792
C  11,880
D  95,040 

5. Diane has a bag full of coins. There are 10 pennies, 6 nickels, 4 dimes, and 2 quarters in the bag. 
a.  How many different ways can Diane pull four coins out of the bag? 



b.  What is the probability that she will pull two pennies and two nickels out of the bag?
Concept Summary:


In a permutation, the order of objects is important 
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In a combination, the order of objects is not important
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Homework:  none
Section 14.3:  Probability of Compound Events
SOLs:  
A-17
Objectives:  Students will be able to:  


Find the probability of two independent events or dependent events

Find the probability of two mutually exclusive or inclusive events

Vocabulary:  

Simple event – 

Compound event – 

Independent events – 

Dependent events – 

Complements – 

Mutually exclusive – 

Inclusive – 

Key Concept:

[image: image7.emf]Probability Part 1 

•

Independent Events --

one event does not affect the outcome 

of another

Example:  Rolling a 5 on a die twice or 

flipping a coin to get a head twice

•

Dependent Events –

one event effects the outcome of 

another

Example:  Drawing two cards from a 

normal deck of cards without replacing 

the first card and getting two aces

P(A and B) = P(A)



P(B)

P(A and B) = P(A)



P(B given A)

P(5 and 5) = P(5)



P(5)

= (1/6)



(1/6) 

= (1/36)

A B

P(A and A) = P(A)



P(A given 1st A)

= (4/52)



(3/51) 

= (12/2652)



[image: image8.emf]Probability Part 2 

•

Mutually Exclusive Events –

events that cannot occur at the same time

Example:  Drawing a heart or a club from a 

normal deck of cards

•

Inclusive Events –

events overlap

Example:  Drawing an ace or a heart from a 

normal deck of cards

•

Complement Events –

all other events 

Example:  flipping a coin to get a head or not 

a head (a tail)

P(A or B) = P(A)+P(B)

A B

P(head) + P(not a head) = 1

A B

P(A or B) = P(A)+P(B) - P(A and B)

P(H or C) = P(H)+P(C)

= (1/4)+(1/4) 

= (1/2)

P(A or H) = P(A)+P(H) – P(A and H)

= (4/52)+(13/52) - (1/52) 

= (16/52)


Examples:

1. Roberta is flying from Birmingham to Chicago to visit her grandmother. She has to fly from Birmingham to Houston on the first leg of her trip. In Houston she changes planes and heads on to Chicago. The airline reports that the flight from Birmingham to Houston has a 90% on time record, and the flight from Houston to Chicago has a 50% on time record. What is the probability that both flights will be on time? 

2. At the school carnival, winners in the ring-toss game are randomly given a prize from a bag that contains 4 sunglasses, 6 hairbrushes, and 5 key chains. Three prizes are randomly drawn from the bag and not replaced. 
a.  Find P(sunglasses, hairbrush, key chain).






b.  Find P(hairbrush, hairbrush, key chain).






c.  Find P(sunglasses, hairbrush, not key chain).
3. Alfred is going to the Lakeshore Animal Shelter to pick a new pet. Today, the shelter has 8 dogs, 7 cats, and 5 rabbits available for adoption. If Alfred randomly picks an animal to adopt, what is the probability that the animal would be a cat or a dog? 

4. A dog has just given birth to a litter of 9 puppies. There are 3 brown females, 2 brown males, 1 mixed-color female, and 3 mixed-color males. If you choose a puppy at random from the litter, what is the probability that the puppy will be male or mixed-color? 

Concept Summary:


For independent events, use P(A and B) = P(A) ( P(B)

For dependent events, use P(A and B) = P(A) ( P(B following A)


For mutually exclusive events, use P(A or B) = P(A) + P(B)


For inclusive events, use P(A or B) = P(A) + P(B) – P(A and B)

Homework:  none
Section 14.4:  Probability Distributions
SOLs:  The student will

A.17

Objectives:  Students will be able to:  


Use random variables to compute probability

Use probability distributions to solve real-world problems
Vocabulary:  

Random variable – 
Probability distribution – 
Probability histogram – 
Key Concept:


[image: image9.emf]Laws of Probabilities

1. The probability of an event must be between 0 and 1

2. Sum of all events’ probability must be equal to 1

3. A probability of an event that is equal to zero is an event 

that is impossible

4. A probability of an event that is equal to one is an event 

that is a certainty

 

Examples:

	Number 
of Pets
	Number of 
Customers

	0
	3

	1
	37

	2
	33

	3
	18

	4
	9


1. The owner of a pet store asked customers how many pets they owned. The results of this survey are shown in the table.

a.  Find the probability that a randomly chosen customer has at most 2 pets.





b.  Find the probability that a randomly chosen customer has 2 or 3 pets.
	X = Grade
	P(X)

	9
	0.29

	10
	0.26

	11
	0.25

	12
	0.2


2. The table shows the probability distribution of the number of students in each grade at Sunnybrook High School. 
a.  If a student is chosen at random, what is the probability that he or she is in grade 11 or above? 





b.  Make a probability histogram of the data
Concept Summary:

Probability distributions have the following properties:

For each value of X, 0 ≤ P(X) ≤ 1


The sum of probabilities of each value of X is 1 (∑P(Xi) = 1)
Homework:  none 
Section 14.5:  Probability Simulations
SOLs:  The student will

A.17

Objectives:  Students will be able to:  


Use theoretical and experimental probability to represent and solve problems involving uncertainty

Perform probability simulations to model real-world situations involving uncertainty

Vocabulary:  

Theoretical Probability – 

Experimental Probability– 

Relative Frequency – 

Empirical Study– 

Simulation – 

Key Concept:


[image: image10.emf]Theoretical and Experimental Probability

•

Theoretical Probability – the number of possible occurrences 

of an event over all possible occurrences of all events

P(rolling a six) = 1/6 (one chance out of a total of 6 possible)

•

Experimental Probability – the number of observed 

occurrences of the event over all observed occurrences of all 

events

Roll the die many times and record the number of sixes rolled

Observed P(rolling a six) = # of sixes / total # of rolls

•

Law of large numbers says that the experimental probability 

will approach the theoretical as number get large


Examples:

1.  Miguel shot 50 free throws in the gym and found that his experimental probability of making a free throw was 40%. How many free throws did Miguel make? 
2. A pharmaceutical company performs three clinical studies to test the effectiveness of a new medication.  Each study involves 100 volunteers. The results of the studies are shown in the table.   What is the experimental probability that the drug showed no improvement in patients for all three studies?
3. In the last 30 school days, Bobbie’s older brother has given her a ride to school 5 times.
a.  What could be used to simulate whether Bobbie’s brother will give her a ride to school? 




b.  Describe a way to simulate whether Bobbie’s brother will give her a ride to school in the next 20 school days.
	Outcomes
	Frequency

	4 female, 0 male
	3

	3 female, 1 male
	13

	2 female, 2 male
	18

	1 female, 3 male
	12

	0 female, 4 male
	4


4. Dogs:  Ali raises purebred dogs. One of her dogs is expecting a litter of four puppies, and Ali would like to figure out the most likely mix of male and female puppies. 

Assume that P(male) = P(female) = ½

a.  One possible simulation would be to toss four coins, one for each puppy, with heads representing female and tails representing male.  What is an alternative to using 4 coins that could model the possible combinations of the puppies? 




b.  Find the theoretical probability that there will be 4 female puppies in a litter.




c.  The results of a simulation Ali performed are shown in the table to the right.  How does the theoretical probability that there will be 4 females compare with Ali’s results?
Concept Summary:

Theoretical probability describes expected outcomes in the long run, while experimental probabilities describe what was observed
Simulations are used to perform experiments that would be difficult or impossible to perform in real life

Homework:  none
Section 14.R:  Chapter Review
SOLs:  None
Objectives:  Students will be able to:  


Review Chapter 13 material
Vocabulary:  none new
Key Concept:

Examples:


1:

2:


3.   

4.   
Concept Summary:


xxxx
Homework:  none



























Factorials

n!, read n-factorial, is defined by the following:

n(n-1)(n-2) … 321

the product of every number between n and 1



Examples:

5! = 5 4 3 2 1 = 120     
7! = 7 6  5 4 3 2 1 = 5040 



Remember too: 5! = 5 4! 
                       7! = 7 6 5!       (Useful in dividing factorials)
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Probability Part 1 

Independent Events --
one event does not affect the outcome of another


Example:  Rolling a 5 on a die twice or flipping a coin to get a head twice


Dependent Events –
one event effects the outcome of another


Example:  Drawing two cards from a normal deck of cards without replacing the first card and getting two aces







P(A and B) = P(A)P(B)

P(A and B) = P(A)P(B given A)

P(5 and 5) = P(5)P(5)
                  = (1/6)(1/6) 
                  = (1/36)

A

B

P(A and A) = P(A)P(A given 1st A)
                   = (4/52)(3/51) 
                   = (12/2652)
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Laws of Probabilities

The probability of an event must be between 0 and 1



Sum of all events’ probability must be equal to 1



A probability of an event that is equal to zero is an event that is impossible



A probability of an event that is equal to one is an event that is a certainty







Laws of Probabilities

“Theprobabitof sn atmust ebevem 0 s 1
St ol evens prebbiymast b el 1

A prabablis o et that s eqalt a0 5 vt
watis mposible

A prabablis o ettt s equalt neis n event
e s crtagy





Theoretical and Experimental Probability

Theoretical Probability – the number of possible occurrences of an event over all possible occurrences of all events

P(rolling a six) = 1/6 (one chance out of a total of 6 possible)


Experimental Probability – the number of observed occurrences of the event over all observed occurrences of all events

Roll the die many times and record the number of sixes rolled
Observed P(rolling a six) = # of sixes / total # of rolls


Law of large numbers says that the experimental probability will approach the theoretical as number get large
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Probability Part 2 

Mutually Exclusive Events –
events that cannot occur at the same time

Example:  Drawing a heart or a club from a normal deck of cards


Inclusive Events – 
events overlap

Example:  Drawing an ace or a heart from a normal deck of cards



Complement Events – 
all other events 
Example:  flipping a coin to get a head or not a head (a tail)







P(A or B) = P(A)+P(B)

A

B

P(head) + P(not a head) = 1







A

B

P(A or B) = P(A)+P(B) - P(A and B)

P(H or C) = P(H)+P(C)
                 = (1/4)+(1/4) 

                 = (1/2)

P(A or H) = P(A)+P(H) – P(A and H)
                 = (4/52)+(13/52) - (1/52) 
                 = (16/52)
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Permutation and Combination

Permutation is like the order of finish in a race
Order is important!
The permutations of n items taken r at a time is



Example:  How many different ways can 4 teams finish?


Combination is like surviving a catastrophe
Order is not important!
The combination of n items taken r at a time is



Example:  How many different groups of 3 can 5 people make?

               n!

nPr =  ----------

           (n – r)!

                n!               nPr

nCr =  -------------  =  ---------

           (n – r)! r!           r!
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Tree Diagram

To map out all possible combinations of things, a tree diagram is useful to visually see why the Fundamental Counting Principle  works.
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322 = 12
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