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EMBEDDED ASSESSMENTS

The two embedded assessments in 
this unit, following Activities 40 and 
42, will allow you to demonstrate 
your ability to evaluate probabilities 
and your understanding of the 
relevance of these quantities.

Embedded Assessment 1:

Finding Probabilities and 
Use of the Addition Rule p. 593

Embedded Assessment 2:

Conditional Probability and 
Independent Events p. 633

Unit Overview
In this unit you will continue your study of probability. You will 
learn more about the language of probability, how to use the 
Addition Rule, how to calculate conditional probabilities, and the 
meaning of independence. You will also see how relevant these 
concepts are to everyday scenarios.

Key Terms
As you study this unit, add these and other terms to your math 
notebook. Include in your notes your prior knowledge of each 
word, as well as your experiences in using the word in different 
mathematical examples. If needed, ask for help in pronouncing 
new words and add information on pronunciation to your math 
notebook. It is important that you learn new terms and use them 
correctly in your class discussions and in your problem solutions.

Academic Vocabulary
• primates

6Probability

How does knowing that one 
event has happened change 
the probability of another 
event happening?

How do such changes in 
probability influence the 
decisions we make?

ESSENTIAL QUESTIONS

Math Terms
• probability experiment
• outcome
• sample space
• event
• complement
• two-way frequency table
• intersection
• union
• mutually exclusive events
• conditional probability
• tree diagram
• dependent events
• independent events
• Fundamental Counting Principle
• n factorial
• permutation
• combination
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Getting Ready

Write your answers on notebook paper. 
Show your work.

 1. Express the following percentages as decimals.
 a. 43%
 b. 8%
 c. 89.2%

 2. Round the following decimals to three decimal 
places.
 a. 0.78326
 b. 0.78372
 c. 0.78354
 d. 0.78349
 e. 0.78021
 f. 0.70041
 g. 0.78968
 h. 0.79968

 3. Express the following fractions in simplest 
form. (Do not use a calculator.)

 a. 3
6

 b. 14
35

 c. 24000
36000

 4. Evaluate the following. Express your answers 
as fractions in simplest form. (Do not use a 
calculator.)

 a.   3
7

2
7

+

 b.   1
6

2
3

+

 c. 5
14

1
2

+

 d.   3
8

9
10

+

 5. Evaluate the following. Express your answers 
as fractions simplest form. (Do not use a 
calculator.)

 a. 2
3

4
5⋅

 b. 2
21

21
37⋅

 c. 2
3

6
7⋅

 6. Evaluate the following. Express your answers 
as fractions in simplest form. (Do not use a 
calculator.)

 a. 1
3

2
3

2
3

1
3( )( ) +( )( )

 b. 1
3

5
8

2
3

3
8( )( ) +( )( )

 7. There are 36 students in a class, and 20 of them 
are girls. If a student is selected at random 
from the class, what is the probability that the 
selected student is a girl?

552 SpringBoard® Mathematics Geometry, Unit 6 • Probability
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Sample Spaces
Springboard Superstar and More
Lesson 38-1 Probability of a Single Event

Learning Targets: 
• Understand probability in real-world situations.
• Represent sample spaces as lists.
• Calculate the probability of a single event.

SUGGESTED LEARNING STRATEGIES: Activating Prior Knowledge, 
Marking the Text, Visualization, Think-Pair-Share, Debriefing

 1. Suppose that you have a cube with faces numbered 1 through 6. You will 
roll the cube 60 times.
 a. On roughly how many of the rolls would you expect to get a result 

that is an even number?

 b. On roughly how many of the rolls would you expect to get a 5?

 c. On roughly how many of the rolls would you expect to get a number 
that is 5 or more?

When we roll the cube, as described in Item 1, we expect to get an even 
number about half of the time. Another way of saying this is that, when you 
roll the cube, the probability of getting an even number is 1

2
. To write this 

using probability notation,

P( )even = 1
2

.

 2. a.  When you roll the cube, what is the probability that you get a 5? 
Write your answer using probability notation.

 b. When you roll the cube, what is the probability that you get a 
number that is 5 or more? Write your answer using probability 
notation.

Probability Notation 

The probability of an outcome is 
written in symbols as P(outcome), 
where the P stands for probability.

For example, the probability that 
the outcome is an even number can 
be written as P(roll results in an even 
number), or simply as P(even).

WRITING MATH

As you share ideas in your group, 
ask your group members or your 
teacher for clarification of any 
language, terms, or concepts that 
you do not understand.

DISCUSSION GROUP TIPS

Activity 38 • Sample Spaces 553
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Lesson 38-1
Probability of a Single Event

Rolling the cube is an example of a  probability experiment. A result of a 
probability experiment is called an  outcome. For the cube, the possible 
outcomes are 1, 2, 3, 4, 5, and 6. 
The set of all possible outcomes is called the  sample space . Here the sample 
space is {1, 2, 3, 4, 5, 6}.  
Getting an even number when you roll the cube is an example of an  event . 
To get an even number you have to roll a 2, a 4, or a 6. There are 3 outcomes 
that are even, out of a total of 6 possible outcomes. In the long run, 3

6
, or 1

2
, of 

the rolls of the cube will result in even numbers.
To generalize, if all the outcomes in the sample space are equally likely, then 
the probability of an event is given by

P( )event number of outcomes in the event
number of outcomes

=
  in the sample space

.

 3. A regular solid is constructed with four faces. The faces are numbered 
1 through 4, and the four outcomes are equally likely. We will roll this 
object once.
 a. What is the sample space for this probability experiment?

 b. Find the probability that the roll results in the following. 
Use probability notation in your answers.
  i. a 2   iii.  a number greater than 4

 ii. a number that is at least 2  iv.  a number greater than 0

A probability experiment is the 
process of observing an outcome 
when the outcome is not known 
prior to the experiment.

An outcome is the result of a 
probability experiment. 

The sample space is the set of all 
possible outcomes.

An event is any outcome or group 
of outcomes from a probability 
experiment.

The probability of an outcome tells 
you what part of the time you 
would expect the outcome to 
occur.

MATH TERMS

554 SpringBoard® Mathematics Geometry, Unit 6 • Probability
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Lesson 38-1
Probability of a Single Event

If an event can never happen, then there are no outcomes in the event, and so 
the probability of the event is 0. If an event is sure to happen, then every 
element of the sample space is in the event, and so the probability of the 
event is 1. 
The probability of any event is a number between 0 and 1. How large the 
probability is tells us how likely the event is to occur.

0

probability

1
The probability of an outcome is a 
number between 0 and 1, inclusive. 
It can be written as a fraction, a 
decimal, or a percent.

MATH TIP

Check Your Understanding

 4. In probability, what is the word or phrase for the set of all possible 
outcomes?

 5. How is the probability that an event does not happen related to the 
probability that the event happens?

 6. What is the smallest possible value for a probability?
 7. What is the largest possible value for a probability?
 8. If a student is chosen at random from your class today, what is the 

probability that the student selected is male?

Activity 38 • Sample Spaces 555
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Lesson 38-1
Probability of a Single Event

The contestants for the SpringBoard Superstar contest are as follows. (The 
genders and ages of the contestants are in parentheses.)

Aaron Kelly (Male, 17) Lacey Brown (Female, 24)

Andrew Garcia (Male, 24) Lee DeWyze (Male, 24)

Casey James (Male, 27) Michael Lynch (Male, 26)

Crystal Bowersox (Female, 24) Paige Miles (Female, 24)

Didi Benami (Female, 23) Siobhan Magnus (Female, 19)

Katie Stevens (Female, 17) Tim Urban (Male, 20)

 9. Select one of the twelve contestants at random. 
 a. What is the sample space for this probability experiment?

 b. Find the probability that the selected contestant:
i. is Casey James.

ii. is female.

iii. has a last name beginning with Z.

iv. is under 30 years old.

v. has a last name beginning with B.

vi. does not have a last name beginning with B.

 c. What do you get when you add the answers to Parts b(v) and b(vi)? 
Will the probability that an event happens and an event does not 
happen always add to 1? Explain.

556 SpringBoard® Mathematics Geometry, Unit 6 • Probability
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Lesson 38-1
Probability of a Single Event

To generalize, when we add the probability that an event happens to the 
probability that it does not happen, we always get 1.
From this we can conclude that to find the probability that an event does not 
happen, we can subtract from 1 the probability that it does happen. This is 
called the  complement  of an event.

(probability that an event does not happen) = 
1 − (probability that the event does happen)

 10. Make sense of problems. Jenna and James were recently married, 
and are planning on having three children. They are wondering how 
many girls and how many boys they will have in their family. Assume 
that they are equally likely to have a girl as a boy.
 a. Three of the possible outcomes are shown in the organized list. There 

are 8 possible outcomes. List the other five outcomes. 

GGG

GGB

GBG

 b. Find the probability that in their family they will have:
  i. three girls.

  ii. exactly two girls.

  iii. at least two girls.

 c. What is the probability that they will not have exactly two girls in 
the family?

The complement of an event 
includes all possible outcomes of a 
probability experiment that are 
not outcomes of the event.

MATH TERMS

Activity 38 • Sample Spaces 557
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Lesson 38-1
Probability of a Single Event

 11. Iris rolled a five-sided number cube numbered 1 through 5. Find the 
probability that a roll will result in each of the following. Write your 
answer using probability notation.
 a. P(odd)   c. P(4)
 b. P(not odd)  d. P(not 4)

 12. Fiona’s dog Sunshine is expecting a litter of four pups. The chance that 
the pups will be male or female are equally likely. What is the 
probability that the litter will contain two males and two females? 
Make an organized list to determine the probability.

Check Your Understanding

LESSON 38-1 PRACTICE 
 13. Rafael has a bag of marbles. There are 5 green marbles, 6 red marbles, 

and 4 white marbles. Rafael picks a marble out of the bag without 
looking. What is the probability of each of the following?
 a. P(green)  d. P(not white)
 b. P(not green)  e. P(red)
 c. P(white)  f. P(not red)

 14. Reason quantitatively. The letters of a ten-letter word were placed 
in a box. Letters are chosen at random. Given that the probability of 
choosing a consonant is 3

5
, what is the probability of choosing a vowel? 

Explain.
 15. Liam is tossing three coins in a game. He wants to determine the 

probability of tossing two heads.
 a. Make an organized list.
 b. What is the probability of tossing two heads? Explain.

558 SpringBoard® Mathematics Geometry, Unit 6 • Probability
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Lesson 38-2
Events Involving “And” and “Or”

Learning Targets:
• Understand probability in real-world situations.
• Describe events as subsets of a sample space using the characteristics of 

the outcomes.
• Represent sample spaces as tables of outcomes and as two-way frequency 

tables.
• Calculate the probability of events involving “and” and “or.”

SUGGESTED LEARNING STRATEGIES: Activating Prior Knowledge, 
Marking the Text, Visualization, Think-Pair-Share, Debriefing

Consider probabilities that involve the words “and” and “or.” Look again at 
the SpringBoard Superstar contestants. 

Aaron Kelly (Male, 17) Lacey Brown (Female, 24)

Andrew Garcia (Male, 24) Lee DeWyze (Male, 24)

Casey James (Male, 27) Michael Lynch (Male, 26)

Crystal Bowersox (Female, 24) Paige Miles (Female, 24)

Didi Benami (Female, 23) Siobhan Magnus (Female, 19)

Katie Stevens (Female, 17) Tim Urban (Male, 20)

A contestant will be chosen at random.
 1. Find the probability that the contestant will be female and under 21.

 a. How many of the contestants are females who are under 21? 

 b. How many contestants are there in total? 

 c. What is the probability that the randomly chosen contestant will be 
female and under 21?

In probability, “and” means the 
event has the characteristics of 
both possibilities.

MATH TIP

Activity 38 • Sample Spaces 559

continuedcontinuedcontinued
ACTIVITY 38



My Notes

©
 2

01
5 

Co
lle

ge
 B

oa
rd

. A
ll 

ri
gh

ts
 re

se
rv

ed
.

Lesson 38-2
Events Involving “And” and “Or”

 2. Now find the probability that the contestant will be female or under 21. 
 a. Refer to the list of contestants. Put a check mark next to any 

contestant who is either female or under 21, or both. In probability, 
“or” always includes the possibility of “both.”

 b. How many contestants are female or under 21? 

 c. What is the probability that the randomly chosen contestant will be 
female or under 21? 

 3. A contestant will be chosen at random from the list of SpringBoard 
Superstar contestants. Find the probability that the contestant: 
 a. has a first name after N (in the alphabetical order).

 b. has a first name after N and is male.

 c. has a first name after N or is male.

Very often, we show sample spaces using tables rather than lists.
 4. Kathy likes Honey Crisp breakfast cereal. Each box of Honey Crisp 

contains a plastic animal—a monkey, an elephant, a caribou, or a bear—
and each of these four animals is equally likely to be found in any given 
box. Kathy’s younger brother, Brian, prefers Korn Invaders breakfast 
cereal. Each box of Korn Invaders contains either Hero Comic 1, Hero 
Comic 2, or Hero Comic 3, and each of the comics is equally likely to be 
found in any given box.

  Tomorrow, Kathy will open a new box of Honey Crisp and Brian will open 
a new box of Korn Invaders. They will find out what prizes they have.

In probability, “or” always includes 
the possibility of “both.”

MATH TIP

560 SpringBoard® Mathematics Geometry, Unit 6 • Probability
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Lesson 38-2
Events Involving “And” and “Or”

 The table representing the sample space for this probability experiment 
is given.

Hero 
Comic 1

Hero 
Comic 2

Hero 
Comic 3

Monkey

Elephant

Caribou

Bear

 a. Using the eraser end of your pencil, locate the cell in the table that 
represents getting an elephant and Hero Comic 2.

 b. Which cells of the table represent getting a caribou? 

 c. Which cells of the table represent getting Hero Comic 3? 

 d. How many outcomes are there in the sample space for this 
probability experiment?

 e. Locate, again, the cell in the table that represents getting an elephant 
and Hero Comic 2. What is the probability of getting an elephant and 
Hero Comic 2?

 f. Now find the probability of getting an elephant or Hero Comic 2.
  Write stars in all the cells of the table that represent getting an 

elephant or Hero Comic 2. (Note: You are writing a star in any cell 
that represents getting an elephant, any cell that represents getting 
Hero Comic 2, and any cell that represents getting both. You should 
be writing 6 stars in total.) 

  What is the probability that they get an elephant or Hero Comic 2?

Activity 38 • Sample Spaces 561
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Lesson 38-2
Events Involving “And” and “Or”

Sometimes, the sample space is represented using a table of counts.
 6. A store has 48 different phones available with or without caller ID, and 

with or without a speakerphone. The numbers of phones with and 
without these features are shown in the  two-way frequency table  below.

Speakerphone No Speakerphone Total

Caller ID 18 2 20

No Caller ID 16 12 28

Total 34 14 48

 a. How many of the phones have caller ID?

 b. What is the total number of phones that the store has available?

 c. If a phone is chosen at random, what is the probability that it has 
caller ID? Using a calculator, give your answer as a decimal rounded 
to three decimal places. 

 d. A phone is chosen at random from the ones available at the store. To 
three decimal places, find the probability that the phone has a:

  i. speakerphone.

A two-way frequency table 
shows data that pertain to two 
different categories.

MATH TERMS

Check Your Understanding

 5. If a student is chosen at random from your class, what is the 
probability that the student has a:
 a. first name beginning with a letter in the first half of the alphabet?
 b. first name beginning with a letter in the first half of the alphabet 

and is female?
 c. first name beginning with a letter in the first half of the alphabet or 

is female?

562 SpringBoard® Mathematics Geometry, Unit 6 • Probability
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Lesson 38-2
Events Involving “And” and “Or”

ii. speakerphone and caller ID.

iii. speakerphone but does not have caller ID.

iv. speakerphone or has caller ID.

Check Your Understanding

 7. Students who take an AP Calculus exam can take either the AP 
Calculus AB exam or the more advanced AP Calculus BC exam. On 
each exam the highest possible grade is a 5 and the lowest is a 1. No 
student takes both exams. The approximate results (in thousands) for 
2011 are summarized in the table below. (For example, the table tells 
us that 39,000 students took the AB exam and got a 5.)

5 4 3 2 1 Total

AB 39 32 35 23 65 194

BC 28 10 12 4 8

Total

 a. Complete the table by writing the row and column totals in the 
empty cells.

 b. Suppose that one of these 256,000 students is chosen at random. 
Using a calculator, and giving your answers rounded to three 
decimal places, find the probability that the student:

  i. took the BC exam.
  ii. got a 5.

  iii. did not get a 5.
  iv. took the BC exam and got a 5.
  v. took the BC exam or got a 5.

Activity 38 • Sample Spaces 563
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Lesson 38-2
Events Involving “And” and “Or”

LESSON 38-2 PRACTICE
 8. Suppose that you are going to roll a red cube with faces numbered 

1 through 6 and a blue cube with faces numbered 1 through 6.
 a. Draw a table to represent the sample space for this probability 

experiment. 
 b. Giving your answers as fractions in their lowest terms, find the 

probability that:
i. the red cube shows a 4 and the blue cube shows a 6.

ii. the red cube shows a 4 or the blue cube shows a 6.
iii.  it is not the case that “the red cube shows a 4 or the blue cube 

shows a 6.”
iv. the sum of the numbers on the two cubes is 9.
v. the sum of the numbers on the two cubes is more than 8.

 9. Aslan’s store has the following tablet computers in stock.

Tablet Classic Tablet Mini Total

16 GB 75 95

32 GB 42 63

Total

 a. Complete the table by writing the row and column totals in the 
empty cells.

 b. If a tablet is chosen at random, to the nearest thousandth, what is 
the probability it has 32 GB?

 c. If a tablet is chosen at random, to the nearest thousandth, what is 
the probability it is a Tablet Mini with 16 GB?

 d. If a tablet is chosen at random, to the nearest thousandth, what is 
the probability it is not a Tablet Mini? 

 e. If a tablet is chosen at random, to the nearest thousandth, what is 
the probability it is a Tablet Classic?

 f. If a tablet is chosen at random, to the nearest thousandth, what is 
the probability it is a Tablet Classic or a Tablet Mini?

564 SpringBoard® Mathematics Geometry, Unit 6 • Probability
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Sample Spaces
Springboard Superstar and More

ACTIVITY 38 PRACTICE
Write your answers on notebook paper. 
Show your work.

Lesson 38-1
 1. A garden center has 20 plants in its “Special 

Offer” section. Information about these plants is 
given in the table below.

Plant 
Number

Type of 
Plant

Color of 
Flowers

 1 Hyacinth Pink
 2 Hyacinth White
 3 Hyacinth Blue
 4 Hyacinth Blue
 5 Tulip Pink
 6 Tulip White
 7 Tulip Pink
 8 Pansy Blue
 9 Pansy White
10 Pansy Pink
11 Pansy Pink
12 Zinnia Pink
13 Zinnia White
14 Zinnia White
15 Daisy White
16 Daisy White
17 Daisy Pink
18 Daisy Blue
19 Orchid Pink
20 Orchid White

 A customer picks a plant at random from the 
“Special Offer” section. Find the probability that 
the plant:
 a. is a hyacinth.
 b. has flowers that are blue.
 c. does not have flowers that are blue.
 d. is a rose.
 e. has flowers that are pink, white, or blue.

 2. Each of the three spinners will be spun once. All 
outcomes are equally likely.

1

Spinner 1 

2 12

Spinner 2 

13

2

Spinner 3 

 a. Complete the list of all the possible outcomes 
for the three spinners. 

1 1 1
1 1 2
1 1 3
1 2 1

…
 b. What is the probability that the sum of the 

scores for the three spinners will be more 
than 5?

 3. A recently married couple are planning to have 
four children. They are equally likely to have a 
boy as a girl. What is the probability that they will 
have three boys and one girl?
 A. 1

4
 B. 3

8
 C. 3

4
 D. 5

8
Lesson 38-2
 4. Refer to the information given in Item 1. A 

customer picks a plant at random from the 
“Special Offer” section. Find the probability that 
the plant is:
 a. a daisy with white flowers.
 b. not a daisy with white flowers.
 c. a daisy or has white flowers.
 d. a tulip with pink flowers or a zinnia with pink 

flowers.
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Sample Spaces
Springboard Superstar and More

 5. Each of the spinners will be spun once. All 
outcomes are equally likely.

E A

B

C

D

Spinner 1 

13

2

Spinner 2

 a. Draw a table to represent the sample space. 
 b. Find the probability of getting a D and a 2. 
 c. Find the probability of getting a D or a 2. 

 6. A high school current affairs club has members 
in all four grades (9, 10, 11, and 12) and of both 
genders. The numbers of students in the various 
grade/gender categories are given in the table 
below.

Grade
Gender

Total
Male Female

9 8 6

10 4 2

11 3 7

12 9 9

Total

 a. Complete the table by entering all the totals in 
the empty cells.

 b. A student from the club is chosen at random 
to make an announcement in assembly. Find 
the probability that the student is:

  i. in the 9th grade.
  ii. female.
  iii. an 11th-grade girl.
  iv. in the 11th grade or is a girl.

 7. A recently married couple are planning to have 
three children. They are equally likely to have a 
boy as a girl. What is the probability that they will 
have all boys or all girls?
 A. 1

8
 B. 1

4
 C. 1

2
 D. 1

MATHEMATICAL PRACTICES
Reason Abstractly and Quantitatively

 8. Suppose that you’re going to pick a student at 
random from your school. Put the following 
three events in order by how likely they are, from 
the most likely event to the least likely. Write a 
few sentences explaining why you ordered them 
the way you did.
 1. The student plays basketball.
 2. The student plays basketball and takes a 

music class.
 3. The student plays basketball or takes a 

music class.
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Venn Diagrams and Probability Notation
Annabel High School
Lesson 39-1 Using a Venn Diagram to Represent a Sample Space

Learning Targets: 
• Use Venn diagrams to represent events.
• Translate Venn diagrams of counts into Venn diagrams of probabilities.

SUGGESTED LEARNING STRATEGIES: Activating Prior Knowledge, Close 
Reading, Create Representations, Visualization, Think-Pair-Share, Debriefing

We’ve represented sample spaces using lists and tables. We can also use Venn 
diagrams to represent sample spaces.

At Annabel High School, some students take Spanish and some do not. Some 
students take an art class, and some do not. Let S be the set of students who 
take Spanish, and let A be the set of students who take an art class. The 
numbers of students in these classes are shown in the Venn diagram. 

AS

112 84 98

56

All students at
the school

As you answer the following items, remember to use complete sentences and 
words such as and, or, since, for example, therefore, because of, by the, to make 
connections between your thoughts.
 1. a. Look at the number “112” in the diagram. This number is inside the 

circle for S and outside the circle for A. It tells us that there are 112 
students who take Spanish but do not take an art class. What does 
the number “98” tell us? 

 b. What does the number “84” tell us?

 c. What does the number “56” tell us?

 d. What is the total number of students who take Spanish?

If you do not understand 
something in group discussions, 
ask for help or raise your hand for 
help. Describe your questions as 
clearly as possible, using synonyms 
or other words when you do not 
know the precise words to use.

DISCUSSION GROUP TIPS

As you listen to the group 
discussion, take notes to aid 
comprehension and to help you 
describe your own ideas to others 
in your group. Ask questions to 
clarify ideas and to gain further 
understanding of key concepts

DISCUSSION GROUP TIPS

Activity 39 • Venn Diagrams and Probability Notation 567
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Lesson 39-1
Using a Venn Diagram to Represent a Sample Space

 e. What is the total number of students who take an art class?

 f. How many students are there at the school?

 g. How many students at this school take Spanish or an art class?

 h. How many students do not take an art class?

 2. Reason quantitatively. Now we can talk about probabilities.
 a. If a student is selected at random from the school, what is the 

probability that the selected student takes Spanish? Explain. 

 b. A student is selected at random. Find the probability that the student 
selected:

 i. takes an art class.

 ii. takes Spanish and an art class.

 iii. takes an art class but does not take Spanish.

 iv. takes Spanish or an art class.

 v. takes neither Spanish nor an art class.
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 3. Model with mathematics. Often, we write the probabilities in the 
Venn diagram, rather than the counts. Suppose a student is selected at 
random from Annabel High School. Let S be the event that the student 
takes Spanish and let A be the event that the student takes an art class.

AS

0.32

0.56

 a. The number 0.32 in set S tells us the probability that the selected 
student takes Spanish and does not take an art class. How do you 
calculate this probability? 

 b. What does the “0.56” written in the box connected to the circle for 
event S tells us?  

 c. Write the appropriate probabilities in all the remaining empty boxes 
in the Venn diagram.

 4. The most popular color for vehicles is white. Suppose that a vehicle is 
selected at random from a city, and let C be the event that the vehicle is 
a car and W be the event that the vehicle is white. Some of the relevant 
probabilities are shown in the Venn diagram below.

WC

0.62 0.14 0.06

 a. What two probabilities do you add to find the probability that the 
selected vehicle is a car? Find the probability.

Lesson 39-1
Using a Venn Diagram to Represent a Sample Space
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Lesson 39-1
Using a Venn Diagram to Represent a Sample Space

 b. Find the probability that the selected vehicle is:
 i. white.

 ii. a white car.

 iii. a car that is not white.

 iv. a car or is white.

 c. What region in the Venn diagram represents the event that the vehicle 
selected is neither white nor a car? Find the probability of this event. 

The three given probabilities and 
the required probability added 
together must be 1, since the four 
probabilities cover all probabilities.

MATH TIP

 5. At the beginning of this activity you were given a Venn diagram with 
the numbers (counts) of students who take the various combinations 
of Spanish (or not) and an art class (or not). From the counts you were 
given, how did you calculate the following?
 a. the total number of students in the school
 b. the probability that a randomly selected student takes Spanish
 c. the probability that a randomly selected student takes an art class 

but does not take Spanish

Check Your Understanding
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Lesson 39-1
Using a Venn Diagram to Represent a Sample Space

 6. Suppose that a student will be selected at random from Annabel High 
School. Let A be the event that the student takes an art class and let B 
be the event that the student plays basketball. The quantities p, q, r, 
and s given in the Venn diagram represent probabilities.

BA

p q r

s

 a. How would you calculate the probability that the student:
 i. plays basketball?
 ii. takes an art class and plays basketball?
 iii. plays basketball but does not take an art class?
 iv. takes an art class or plays basketball?
 v. does not take an art class?

 b. If you knew the values of p, q, and r, how would you find the value 
of s? What does the probability s represent?

 7. Suppose that a student will be selected at random from Annabel High 
School. Let F be the event that the student plays football and let M be 
the event that the student takes a music class. Some of the 
probabilities of the events are shown in the Venn diagram.

MF

0.18

0.21

0.77

 a. Complete the diagram.
 b. What is the probability that the student will play football but will 

not take a music class?
 c. What is the probability that the student will take a music class?
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Lesson 39-1
Using a Venn Diagram to Represent a Sample Space

LESSON 39-1 PRACTICE
 8. At Kennedy High School, some students take Italian and some do not. 

Some students take music and some do not. Let I be the set of students 
who take Italian, and let M be the set of students who take music. 

MI

97 36 59

48

 a. What does the number “36” in the Venn diagram tell us?
 b. What does the number “59” tell us?
 c. What does the number “48” tell us?
 d. How many students take Italian or music?
 e. How many students do not take Italian?

 9. If a student is selected at random from Kennedy High School, to the 
nearest thousandth, what is the probability that the selected student:
 a. takes Italian?
 b. takes Italian or music?
 c. does not take Italian and does not take music?
 d. only takes music?

 10. Make sense of problems and persevere in solving them. 
Suppose that a student will be selected at random from the High School 
of Arts and Sciences. Let P be the event that the student takes physics 
and let D be the event that the student takes a dance class. The 
probability that the student takes physics is 0.28, while the probability 
that the student takes a dance class is 0.45. The probability that the 
student takes physics and a dance class is 0.07. What is the probability 
that the student takes a dance class but not a physics class?
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Lesson 39-2
Using Venn Diagrams to Represent “And,” “Or,” and “Not”

Learning Targets:
• Use Venn diagrams to represent “and,” “or,” and “not.”
• Use set notation to describe events.

SUGGESTED LEARNING STRATEGIES: Activating Prior Knowledge, 
Close Reading, Create Representations, Visualization, Think-Pair-Share, 
Debriefing

 1. Now look at the mathematical notation for “and,” “or,” and “not.” 
Suppose that we’re selecting a student at random from Annabel High 
School, and let A be the event that the student takes an art class and 
let B be the event that the student plays basketball.
 a. Shade the region representing the event that the selected student 

takes an art class and plays basketball.

BA

This region is called the  intersection  of the sets A and B, and can be 
written as A B∩  (read as “A intersect B”). The probability that the 
selected student takes an art class and plays basketball can be written 
as P(A ∩ B). The set of elements that are in 

A and in B is referred to as the 
intersection of A and B, written 
A ∩ B.

MATH TERMS
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Lesson 39-2
Using Venn Diagrams to Represent “And,” “Or,” and “Not”

 b. Shade the region representing the event that the selected student 
takes an art class or plays basketball.

BA

 This region is called the  union  of the sets A and B, and can be 
written as A B∪  (read as “A union B”). The probability that the 
selected student takes an art class or plays basketball can be written 
as P(A ∪ B).

 c. Shade the region representing the event that the selected student 
does not take an art class. 

BA

  This region is the  complement  of the set A, and can be written as 
AC (read as “A complement”). The probability that the selected 
student does not take an art class can be written as P(AC).

The set of elements that are in A or 
in B, or in both, is referred to as 
the union of A and B, and is 
written A ∪ B.

MATH TERMS

The set of elements that are not in 
A is referred to as the complement 
of A, and is written AC.

MATH TERMS
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Lesson 39-2
Using Venn Diagrams to Represent “And,” “Or,” and “Not”

These ideas are summarized in the table below.

Shading In Words In Probability 
Notation

BA The probability that a 
randomly selected 

student takes an art 
class and plays 

basketball

∩P A B( )

BA
The probability that a 

randomly selected 
student takes an art 

class or plays basketball

∪P A B( )

BA
The probability that a 

randomly selected 
student does not take an 

art class

P(AC)

2. Suppose that a student is selected at random from Annabel High 
School. Let S be the event that the student plays soccer and let H be 
the event that the student is on the honor roll. Copy each diagram and 
shade the region for each event. 
 a. Shade the region that represents the event S H∩ .

HS

 b. Describe the event S H∩  in words: “S H∩  is the event that the 
student . . .”

Check Your Understanding
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Lesson 39-2
Using Venn Diagrams to Represent “And,” “Or,” and “Not”

 c. Shade the region that represents the event S H∪ .

HS

 d. Describe the event S H∪  in words. 
 e. Shade the region representing the event HC.

HS

 f. Describe the event HC in words.
 3. Consider picking a vehicle at random from a city. Denote the event 

that the vehicle is a sedan by S and the event that the vehicle is black 
by B. Write the following probabilities in probability notation. (Use the 
symbols ∩ ∪, , and C where they apply.)
 a. the probability that the vehicle is black
 b. the probability that the vehicle is not black
 c. the probability that the vehicle is a black sedan
d.  the probability that the vehicle is either a sedan or is black
 e. the probability that the vehicle is a sedan and is not black
 f. the probability that the vehicle is a sedan or is not black
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LESSON 39-2 PRACTICE
 4. A student is selected at random from Annabel High School. Let A be the 

event that the student takes an art class and B be the event that the 
student plays basketball. Describe in words the event represented by 
each shaded region, and write the event in set notation.

 a. 
BA

 b. 
BA

 5. Suppose that a player will be selected at random from the roster of a 
local baseball team. Let the event that the player is a right-handed 
thrower be R and let the event that the player is a pitcher be Q. Some of 
the relevant probabilities are shown in the Venn diagram below.

QR

0.46 0.36 0.08

 a. One probability has been omitted from the Venn diagram. Calculate 
this probability, and write the value in the appropriate place on the 
diagram. 

Lesson 39-2
Using Venn Diagrams to Represent “And,” “Or,” and “Not”
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Lesson 39-2
Using Venn Diagrams to Represent “And,” “Or,” and “Not”

 b. Reason abstractly and quantitatively. Complete the table 
below by writing the appropriate words, numbers, or probability 
notation in the empty cells.

Probability in Words Probability 
Notation

Value of 
Probability

The probability that the 
player is a right-handed 

thrower
P(R) 0.82

The probability that the 
player is a pitcher

The probability that the 
player is a right-handed 
thrower and is a pitcher

∪P R Q( )

P(Qc)

The probability that the 
player is a right-handed 

thrower and is not a pitcher

∩P R Q( )C C
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Venn Diagrams and Probability Notation
Annabel High School

ACTIVITY 39 PRACTICE
Write your answers on notebook paper. 
Show your work.

Lesson 39-1
 1. A restaurant has a large fish tank. Some of the 

fish are goldfish, and some are not. Some of the 
fish are more than a year old, and some are not. 
Let the set of fish that are goldfish be G and let 
the set of fish that are more than a year old be M. 
The numbers of fish in various categories are 
shown below.

MG

22 7 15

5

 a. How many fish are goldfish?
 b. How many fish are goldfish and are more 

than a year old?
 c. How many fish are goldfish or are more than 

a year old?
 d. How many fish are not goldfish and are not 

more than a year old?
 e. What is the total number of fish? 
 f. How many fish are not goldfish?
 g. How many fish are less than or equal to 

a year old?
 h. What is the complement of set G? Describe 

the set in words.
 i. Compare the answers to Items 1e and 1f. Are 

they the same? Explain.

 2. A fish will be selected at random from the tank. 
Complete the Venn diagram by writing the 
appropriate probabilities in the boxes. Give the 
probabilities as decimals to the nearest 
thousandth.

MG

0.449

 a. Explain how you found P(goldfish less than or 
equal to a year old).

 b. What is the total of all the probabilities for this 
experiment? Explain.
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Venn Diagrams and Probability Notation
Annabel High School

Lesson 39-2 
 3. Refer to the Venn diagram you completed in 

Item 2. Describe each of the following 
probabilities in words. Then determine the 
value of the probability.
 a. P G( )
 b. P M( )
 c. P G M( )∩
 d. P G M( )∪
 e. P GC( )
 f. What is the probability that the fish that is 

selected is more than a year old and is not a 
goldfish?

MATHEMATICAL PRACTICES
Model with Mathematics

 4. The following table shows the numbers of phones 
available with and without speakerphone and 
with and without caller ID in Joe’s Phone Store.

Speakerphone No Speakerphone
Caller ID 18  2

No Caller ID 16 12

Draw a Venn diagram to represent this 
information. Label the circles C (for Caller ID) 
and S (for Speakerphone). Write the four numbers 
in the table in the appropriate places in the 
diagram.
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Addition Rule and Mutually Exclusive Events
Hector Street
Lesson 40-1 Applying the Addition Rule

Learning Targets: 
• Learn the Addition Rule and understand why it applies.
• Use the Addition Rule to calculate probabilities.

SUGGESTED LEARNING STRATEGIES: Activating Prior Knowledge, 
Think Aloud, Create Representations, Visualization, Think-Pair-Share, 
Debriefing

There are 100 houses on Hector Street. Some of the houses have attics, and 
some do not. Some of the houses have basements, and some do not. Let the 
set of houses that have attics be A and the set of houses that have basements 
be B. The numbers of houses with various combinations of attic and 
basement are shown.

 1. How many of the houses on the street have attics?

 2. How many of the houses on the street have basements?

 3. Reason quantitatively. If a house is selected at random from the 
street, what is the probability that it has an attic? 

 4. If a house is selected at random from the street, what is the probability 
that it has a basement? 

BA

29 23 34

14

Use your group discussions to clarify 
the meaning of mathematical 
concepts and other language used 
to describe problem information. 
With your group or your teacher, 
review background information 
that will be useful in applying 
concepts. 

DISCUSSION GROUP TIPS
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 5. If a house is selected at random from the street, what is the probability 
that it has an attic and a basement?

 6. Write the answers to Items 3–5 using probability notation. Use set 
notation as necessary.

 7. What is the probability that it has an attic or a basement?
 a. What is the value of P(A ∪ B)?

 b. What is the value of P(A) + P(B)?

 c. Construct viable arguments. Explain why P(A) + P(B) is not 
equal to P(A ∪ B).

Complete the formula for the union of two intersecting sets. 
 P(A ∪ B) = P(A) + P(B) − 

Let’s generalize. Suppose that various combinations of events A and B have 
the probabilities p, q, r, and s as shown in this Venn diagram.

To calculate P(A ∪ B), find p + q + r.
To calculate P(A), find  p + q, and to calculate P(B), find q + r.
If we calculate P(A) + P(B), we get p + q + q + r, which includes two q’s.
In P(A ∪ B) we only want one q.

BA

p q r

s

Lesson 40-1
Applying the Addition Rule

Set Notation

A ∩ B means that the outcome 
belongs to both A and B.

A ∪ B means that the outcome 
belongs to A or B.
C means the outcome does not 
belong to the set.

WRITING MATH
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When we calculate P(A ∪ B) using P(A) and P(B), we have to subtract q, 
which is P(A ∩ B). This leads to the following formula:

P(A ∪ B) = P(A) + P(B) − P(A ∩ B)

This formula is called the Generalized Addition Rule, and is often simply 
referred to as the Addition Rule.
Of the houses on Hector Street, 37% have central air conditioning, 52% have 
a security system, and 24% have both central air and a security system. 
Suppose that a house is selected at random from the street. Let C be the event 
that the house has central air and S be the event that the house has a security 
system. The given information is shown in the Venn diagram below.

 8. What is the value of each of the following?
 a. P(C)

 b. P(S)

 c. P(C ∩ S)

 9. Make sense of problems. Now use the Addition Rule to find 
P(C ∪ S). Express in words the meaning of the probability you just 
found.

SC

0.24

0.37 0.52

Lesson 40-1
Applying the Addition Rule

To find P(A or B), use the Addition 
Rule:

P(A ∪ B) = P(A) + P(B) − P(A ∩ B)

MATH TIP
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Lesson 40-1
Applying the Addition Rule

 12. Write the Addition Rule.
 13. Using the information given in the Venn diagram below, 

calculate P(A ∪ B).

 14. What is the probability of the complement of P(A ∪ B)?

BA

0.47

0.13

0.58

Check Your Understanding

 10. Model with mathematics. Shade the region represented by C ∪ S.

 11. If a house is selected at random from this street, what is the probability 
that it has neither central air nor a security system?

SC

0.37

0.24

0.52
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Lesson 40-1
Applying the Addition Rule

 15. If a household is selected at random from Elm Street, the probability 
that the household has lagged pipes is 0.26 (lagged piping saves energy). 
The probability that the household recycles its refuse is 0.63. The 
probability that the household either has lagged pipes or recycles its 
refuse is 0.67.
 a. Write the given information using probability notation. Let the event 

that a household has lagged pipes be L and the event that a household 
recycles most of its refuse be R.

 b. Find the probability that a randomly selected household has lagged 
pipes and recycles its refuse. That is, find P(L ∩ R). Use the Addition 
Rule. Fill in the boxes with the given information and solve for P(L ∩ R).

P(L � R) = + -P(L) P(R) P(L � R)

= ?-+

 c. What is the value of P(L ∩ R) ? Show your work.

 16. Reason quantitatively. For two intersecting sets, P(C ∪ D) = 0.85. 
What is P(C ∩ D) if P(C) = 0.7 and P(D) = 0.3?

 17. Calculate the three probabilities indicated by the question marks in 
the Venn diagram below.

BA

0.39

? ??

0.42

0.24

Check Your Understanding
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LESSON 40-1 PRACTICE
 18. Dr. Zadok’s Museum has a collection of cameras. If a camera is selected 

at random from the museum’s collection, the probability that it is digital 
is 0.43 and the probability that it is a single lens reflex (SLR) camera is 
0.51. The probability that the randomly selected camera is both digital 
and an SLR is 0.19.
 a. Let the event that a camera is digital be D and the event that a camera 

is an SLR be S. Draw a Venn diagram to illustrate the information 
that you were given.

 b. Suppose that a camera is selected at random from the museum’s 
collection. Find the probability that it is 

   i. either digital or an SLR.
   ii. digital but not an SLR.

iii. an SLR but is not digital.
 iv. neither digital nor an SLR.

   v. not digital.
 19. Make sense of problems. In the collection of clocks at Dr. Zadok’s 

Museum, 28% run on electrical power, 45% have alarms, and 54% either 
run on electrical power or have alarms. If a clock is selected at random, 
what is the probability that it runs on electrical power and has an alarm? 
Show your work.

 20. Dr. Zadok’s Museum has a cafeteria. If a customer is selected at random, 
the probability that the customer orders a beverage is 0.74, the 
probability that the customer orders a dessert is 0.66, and the probability 
that the customer orders neither a beverage nor a dessert is 0.07.
 a. Draw a Venn diagram to represent this information.
 b. You are given that the probability that a randomly selected customer 

orders neither a beverage nor a dessert is 0.07. What does this tell 
you about the probability that the customer orders either a beverage 
or a dessert?

 c. Calculate the probability that a randomly selected customer orders a 
beverage and a dessert.

Lesson 40-1
Applying the Addition Rule
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Lesson 40-2
Adapting the Addition Rule for Mutually Exclusive Events

Learning Targets: 
• Learn the meaning of “mutually exclusive” events.
• Use Venn diagrams to represent mutually exclusive events.
• Use the Addition Rule to calculate the probability of mutually exclusive 

events.

SUGGESTED LEARNING STRATEGIES: Activating Prior Knowledge, 
Marking the Text, Visualization, Think-Pair-Share, Debriefing

Mutually exclusive events  are events that can’t happen at the same time. 
They have no outcomes in common. 
For example, suppose we have a cube with faces numbered 1 through 6. We 
will roll the cube once. 
Let L = the event that the cube shows a number less than 3.
Let G = the event that the cube shows a number greater than 4.
On a roll of the cube, it is not possible that the result could be less than 3 and 
greater than 4. Therefore, L and G are mutually exclusive events.
 1. Reason abstractly. A cube with faces numbered 1 through 6 will be 

rolled once.
 a. Let E be the event that the cube shows an even number and let F be 

the event that the cube shows a 5. Are E and F mutually exclusive 
events? Explain.

 b. Let E be the event that the cube shows an even number and let H be 
the event that the cube shows a number greater than 3. Are E and H 
mutually exclusive events? Explain.

Events are mutually exclusive if 
they have no outcomes in 
common.

MATH TERMS
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Lesson 40-2
Adapting the Addition Rule for Mutually Exclusive Events

 2. Sam selects one car at random, and notes the color of the car.
 a. List five possible outcomes in this context.

 b. Give two events (in this context) that are mutually exclusive.

 Event A: The car is  .
 Event B: The car is  .
 Explain why your events are mutually exclusive.

 3. Suppose that when you randomly choose a car, you note both its color and 
its body style. Give two possible events that are not mutually exclusive.

 Event A: The car is  .
  Event B: The car is  .
  Explain why your events are not mutually exclusive.

Since mutually exclusive events have no outcomes in common, they can be 
represented in a Venn diagram where the circles do not intersect.

 4. If the events A and B are mutually exclusive, what is the value of P(A ∩ B)?

BA
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Lesson 40-2
Adapting the Addition Rule for Mutually Exclusive Events

 5. The Addition Rule states that
P A B P A P B P A B( ) ( ) ( ) ( )∪ = + − ∩ .

 Rewrite the Addition Rule for mutually exclusive events. 

If the events A and B are mutually exclusive, then P A B( )∩ = 0. The Addition 
Rule for mutually exclusive events is as follows:

If the events A and B are mutually exclusive, then
P(A ∪ B) = P(A) + P(B).

 6. Describe two events that are mutually exclusive.
 7. Describe two events that are not mutually exclusive.
 8. When a house is selected at random from Hector Street, the probability 

that it is a two-story house is 0.63 and the probability that it is a 
three-story house is 0.13. Let A be the event that a house has exactly 
two stories and let B be the event that a house has exactly three stories.
 a. Are A and B mutually exclusive events? Explain.
 b. Find the probability that a randomly selected house from Hector 

Street is a two- or three-story house.
 9. Make sense of problems. When a student is selected at random 

from Annabel High School, the probability that the student plays 
soccer is 0.143 and the probability that the student takes a foreign 
language class is 0.682. Is it possible to use this information to find the 
probability that a randomly selected student plays soccer or takes a 
foreign language class? If so, explain how. If not, what extra 
information would enable you to answer the question?

 10. Construct viable arguments. When would you use the Addition 
Rule P(A ∪ B) = P(A) + P(B)?

Check Your Understanding
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Lesson 40-2
Adapting the Addition Rule for Mutually Exclusive Events

LESSON 40-2 PRACTICE
 11. Construct viable arguments. Determine if each of the following 

events are mutually exclusive or not mutually exclusive. Explain your 
reasoning.
 a. On a visit to Fire Island, see the lighthouse. See the historical 

mansion.
 b. Take a car to the shore. Take a train to the shore.
 c. On a fishing trip, catch blue fish, sea bass, and fluke.
 d. Attend a baseball game and attend a football game on the same 

Saturday afternoon.
 12. Using the information given in the Venn diagram, calculate each 

probability. 

 a. P(A ∪ B)
 b. P(A)C

 c. P(B)C

 d. P(A ∪ B)C

 e. P(A ∩ B)
 13. Attend to precision. At Annabel High School, 26.3% of the students 

are 9th graders and 22.8% of the students are 12th graders. If a student 
is selected at random from Annabel High School, what is the probability 
that the student is either a 9th grader or a 12th grader? Justify the 
method you use.

 14. On average, 75% of the annual visitors to the lighthouse visit during the 
summer. Ten percent visit in the fall. The lighthouse is closed in the 
winter but open in the spring. Draw a Venn diagram that represents this 
information. Calculate the probability that a visitor selected at random 
from the visitor log last year visited the lighthouse in the spring or fall.

BA

0.280.67
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ACTIVITY 40 PRACTICE 
Write your answers on notebook paper. 
Show your work.

Lesson 40-1
 1. State the generalized Addition Rule.
 2. There are 58 houses on Elm Avenue. Some of the 

houses have hardwood flooring and some do not. 
Some of the houses have wall-to-wall carpeting 
and some do not. The numbers of houses with 
various combinations of flooring are shown in 
the Venn diagram.

 a. Complete the Venn diagram.
 b. How many houses have hardwood flooring 

and carpeting?
 c. How many houses have hardwood flooring or 

carpeting?
 3. When a house is selected at random from Hector 

Street, the probability that the house has gas-fired 
central heating is 0.25, the probability that the 
house has off-street parking is 0.76, and the 
probability that the house has both gas-fired 
central heating and off-street parking is 0.19. 
Find the probability that a randomly selected 
house has either gas-fired central heating or 
off-street parking.

 4. When a non-commercial vehicle is selected at 
random from a city, the probability that it is an 
SUV is 0.28, the probability that it is a hybrid is 
0.22, and the probability that it is neither of these 
is 0.54.
 a. Draw a Venn diagram to represent this 

information.
 b. Suppose that a noncommercial vehicle is 

selected at random from this city. Find the 
probability that it is:

   i. either an SUV or a hybrid.
   ii. a  hybrid SUV.

iii. a hybrid car that is not an SUV.
iv. not a hybrid.

Lesson 40-2
 5. Suppose that you have a set of 40 cards 

consisting of
 10 red cards labeled 1 through 10,
 10 blue cards labeled 1 through 10,
 10 green cards labeled 1 through 10, and
 10 yellow cards labeled 1 through 10.
 One card will be selected at random.

 a. Let R be the event that the card is red and let G
be the event that the card is green. Are R and G
mutually exclusive events? Explain.

 b. Let R be the event that the card is red and let T 
be the event that the card is a 10. Are R and T 
mutually exclusive events? Explain.

 c. Let L be the event that the number on the card 
is at least 6 and let E be the event that the card 
shows an even number. Are L and E mutually 
exclusive events? Explain.

 6. State the Addition Rule for the probability of 
mutually exclusive events.

WH

30

3

31

Addition Rule and Mutually Exclusive Events
Hector Street
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Addition Rule and Mutually Exclusive Events
Hector Street

 7. The class had to solve this problem for homework. 
“What is the probability of rolling at least a 4 or 
an odd number when rolling a number cube?” 
Mical wrote the following solution:

P(at least 4) 3
6=

P(odd number) 3
6=

P(at least 4 or odd) 3
6

3
6

6
6= + =

  Is Mical correct? Explain.
 8. Colleen rolls a number cube and flips a coin. 

What is the probability that she will roll at least a 
3 or flip heads?
 A. 1

6
 B. 4

6
 C. 5

6
 D. 7

6

 9. At Annabel High School, 83% of the students 
take the bus and 6% drive themselves to school. If 
a student is selected at random from the school, 
what is the probability that the student either 
takes the bus or drives him/herself to school? 
Justify the method that you use.

MATHEMATICAL PRACTICES 
Construct Viable Arguments and Critique 
the Reasoning of Others

 10. The manager of an office building intends to 
replace the carpet in offices where the carpet is 
worn out and to replace the furniture in offices 
where the furniture is outdated. In order to find 
out how many offices need attention, the office 
manager plans to add the number of offices that 
need a new carpet to the number of offices that 
need new furniture. Is this correct? Explain.
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Probability and the 
Addition Rule 
DIANE’S BOOKS

Embedded Assessment 1
Use after Activity 40

 1. Diane is organizing her collection of books. She has 91 novels in total, 
and has categorized them as shown in the table below.

Hardcover Paperback Total
Detective Novels 12 20
Romance Novels  8 28

Other Novels  9 14
Total 91

 a. Complete the table by writing the totals in the empty cells.
 b. Suppose that a book will be selected at random from these 91 novels. 

Find the probability that the book is:
 i. a detective novel.
 ii. a hardcover book.
 iii. a paperback detective novel.
 iv. a paperback or a detective novel.
 v. not a detective novel.

 c. If Diane selects one of these novels at random, are the events “is a 
detective novel” and “is a hardcover” mutually exclusive? Explain.

 d. If Diane selects one of these novels at random, are the events “is a 
detective novel” and “is a romance novel” mutually exclusive? 
Explain.

 2. Diane also has a number of nonfiction books. Of those books, 28% are 
hardcover, 22% are reference books, and 13% are hardcover reference 
books. Diane will select a nonfiction book at random. Let the event that 
the selected book is a hardcover be H and the event that it is a reference 
book be R.
 a. Draw a Venn diagram to represent this information. (Show the 

probabilities as decimals.)
 b. Find the probability that the selected book is

 i. a hardcover or a reference book.
 ii. a hardcover that is not a reference book.
 iii. neither a hardcover nor a reference book.

 c. Write each of the following using probability notation. Use the 
symbols ∩, ∪, and C as necessary. (Note: You do not have to find the 
values of the probabilities.)

 i.  the probability that the selected book is a hardcover and a 
reference book

 ii.  the probability that the selected book is a hardcover or a 
reference book

 iii.  the probability that the selected book is not a reference book
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Probability and the 
Addition Rule

DIANE’S BOOKS
Use after Activity 40
Embedded Assessment 1

Scoring 
Guide

Exemplary Proficient Emerging Incomplete

The solution demonstrates these characteristics:

Mathematics 
Knowledge and 
Thinking
(Items 1, 2)

• Clear and accurate 
understanding of 
determining probabilities 
using a table of values or a 
Venn diagram

• Clear and accurate 
understanding of the term 
mutually exclusive

• A functional understanding 
of determining probabilities 
using a table of values or a 
Venn diagram

• A functional understanding 
of the term mutually 
exclusive

• Partial understanding of 
determining probabilities 
using a table of values or a 
Venn diagram

• Partial understanding of the 
term mutually exclusive

• Little or no understanding 
of determining probabilities 
using a table of values or a 
Venn diagram

• Little or no understanding 
of the term mutually 
exclusive

Problem Solving
(Items 1, 2b)

• An appropriate and efficient 
strategy that results in 
correct answers

• A strategy that results in 
mostly correct answers

• A strategy that results in 
some correct answers

• No clear strategy when 
solving problems

Mathematical 
Modeling / 
Representations
(Items 2a, 2c)

• Clear and accurate 
understanding of using 
probabilities to create a 
Venn diagram 

• Clear and accurate 
understanding of writing 
probability statements 
using appropriate 
mathematical symbols

• Mostly accurate 
understanding of using 
probabilities to create a 
Venn diagram

• Mostly accurate 
understanding of writing 
probability statements 
using appropriate 
mathematical symbols

• Partial understanding of 
using probabilities to create 
a Venn diagram

• Partial understanding of 
writing probability 
statements using 
appropriate mathematical 
symbols

• Little or no understanding 
of using probabilities to 
create a Venn diagram

• Little or no understanding 
of writing probability 
statements using 
appropriate mathematical 
symbols

Reasoning and 
Communication
(Items 1c, 1d)

• Precise use of appropriate 
mathematics and language 
to explain why the 
statements are or are not 
mutually exclusive

• Mostly correct use of 
appropriate mathematics 
and language to explain 
why the statements are or 
are not mutually exclusive

• Misleading or confusing use 
of appropriate mathematics 
and language to explain 
why the statements are or 
are not mutually exclusive

• Incomplete or inaccurate 
use of appropriate 
mathematics and language 
to explain why the 
statements are or are not 
mutually exclusive
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Dependent Events
Coco Wildlife Conservation Trust
Lesson 41-1 Understanding Conditional Probability 

Learning Targets: 
• Understand the conditional probability of A given B.
• Determine conditional probabilities using two-way frequency tables and 

Venn diagrams.
• Interpret the answer in terms of the model.

SUGGESTED LEARNING STRATEGIES: Summarizing, Paraphrasing, Think 
Aloud, Create Representations, Visualization, Think-Pair-Share, Debriefing

 1. There are 90 cranes that belong to the Coco Wildlife Conservation 
Trust. The cranes have been categorized by gender and type as shown in 
the two-way frequency table.

Male Female Total

Gray-crowned 16 13

White-naped 17 14

Stanley 11 19

Total 90

 a. Complete the table by entering the other totals.

 b. If a female crane is selected at random, what is the probability that it 
is a Stanley crane?

  c. Calculate the probability that a crane is a Stanley crane given that it is 
female.

You found the probability that a crane is a Stanley crane given that it is 
female. This is a  conditional probability . We know that the crane is female. 
Then we find the probability that it is a Stanley crane.
In probability notation we show conditional probabilities using a vertical 
line. The probability that a crane is a Stanley crane given that it is female is 
written P(Stanley | female). If we denote the events by their initial letters, this 
conditional probability is written P(S | F ). P(S | F ) is read “the probability of 
S given F.”

A conditional probability is the 
probability that an event occurs 
given that another event occurs.

MATH TERMS

Probability Notation

The probability of A given B is 
written P(A | B).

WRITING MATH
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Lesson 41-1
Understanding Conditional Probability

 2. Write the following probabilities using probability notation. 
 a.  the probability that a crane is male given that it is a gray-crowned 

crane

 b.  the probability that a crane is a gray-crowned crane given that it is 
male

 c.  the probability that a randomly selected white-naped crane is female

Check Your Understanding

 3. The Coco Trust also has flamingos. The flamingos are categorized as 
shown in the table.

Male Female Total

Chilean 16 13

Greater 17 14

Total

  a. Complete the table by entering the totals.
 b. Suppose that a flamingo will be selected at random. The various 

possible events are denoted by their initial letters. Calculate the 
following probabilities to the nearest thousandth.
 i. P(M )
 ii. P(M | C )
 iii. P(C | M )

 c. If a female flamingo is selected at random, to the nearest 
thousandth, what is the probability that it is a greater flamingo? Use 
conditional probability notation to write your answer.
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 4. As part of their math course, Kate and Rob were required to do a 
statistical study. They selected a random sample of 80 students from 
their school. They asked all the selected students their grade level (9, 10, 
11, or 12) and whether or not they had $5 or more with them. The 
results are shown in the table.

9th 
Grade

10th 
Grade

11th 
Grade

12th 
Grade

Less than $5 13 10  9  3

$5 or more  8  9 17 11

Total  

a. Complete the table by entering the totals.
 b. Attend to precision. A student will be selected at random from 

those in the sample. Find the following probabilities to the nearest 
hundredth. 
 i. P($5 or more | 9th grade)

 ii. P($5 or more | 10th grade)

 iii. P($5 or more | 11th grade)

 iv. P($5 or more | 12th grade)

 c. Since the sample was selected randomly, the students in the sample 
are likely to be representative of the school as a whole. What do the 
answers to Part b suggest to Kate and Rob about the amounts of 
money carried by students at the school?

Lesson 41-1
Understanding Conditional Probability

Activity 41 • Dependent Events 597
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Lesson 41-1
Understanding Conditional Probability

Check Your Understanding

 5. Suppose that a student is selected at random from your school. What 
would be the probabilities of each of the following events? 
 a. the probability that the student plays the trumpet
 b. the probability that the student plays the trumpet given that the 

student is in the school band
 6. Make sense of problems. Let T be the event that the student plays 

trumpet and let B be the event that the student is in the school band. 
Explain in words the meaning of each of the following probabilities. 
 a. ∩P T B( )
 b. P(T | B)
 c. Are the probabilities in Parts a and b the same? Explain. 

(Hint: Use numbers.)

 7. Some of the Trust’s animals are tortoises. Some are not. Some of the 
animals are of known gender. Some are not. Let the set of tortoises be T 
and the set of animals of known gender be K. The numbers of animals 
falling into these categories are shown. 

KT

4 20 37

30

  a. How many animals are there at this location?

  b. How many of these animals are tortoises?

  c. How many of these animals are of known gender?

  d. How many of the animals of known gender are tortoises? 
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  e. Find each of the following probabilities to the nearest thousandth. 
Use probability notation to write your answer.
 i.  Suppose an animal of known gender is selected at random. What 

is the probability that this animal is a tortoise? 

 ii. Calculate P(K | T ).

 iii.  Do P(T | K ) and P(K | T ) represent the same region on the Venn 
diagram? Are the probabilities equal? Explain.

 iv.  Suppose a tortoise is selected at random. What is the probability 
that its gender is not known? 

Lesson 41-1
Understanding Conditional Probability

Check Your Understanding

 8. Reason quantitatively. Recall that at Annabel High School, some 
students take Spanish and some do not. Some students take an art 
class, and some do not. Let S be the set of students who take Spanish 
and A be the set of students who take an art class. The numbers of 
students in various combinations of these classes are given in the 
Venn diagram.

AS

112 84 98

56

 a.  If a student is selected at random from the school, what is the 
probability that the student takes Spanish?

 b. Find P(S | A).
 c. Find P(A | S ).
 d.  Which of the answers to Parts a and b is larger? Explain in your 

own words what this means. 
 e. Find P(S ∩ A | SC ).

The phrase its gender is not 
known means that you should look 
for the complement of K.

MATH TIP
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Lesson 41-1
Understanding Conditional Probability

LESSON 41-1 PRACTICE
 9. Recall the phone store. Some of the phones have caller ID. Some do not. 

Some have a speakerphone. Some do not. The numbers of phones with 
and without these features are shown in the table.
 a. Write the totals in the table.

Speakerphone No Speakerphone Total

Caller ID 18  2

No Caller ID 16 12

Total

  Let C be the event that a phone has caller ID and let S be the event that a 
phone has a speakerphone. Calculate each probability to the nearest 
thousandth.
 b. If a phone is selected at random from those available at the store, 

what is the probability that it has a speakerphone?
 c. If you are now told that a phone has caller ID, does this make it more 

or less likely that it has a speakerphone?
 d. Find P(C | SC ).

 10. a. Draw a Venn diagram to illustrate the information in the table 
in Item 9.

 b. If a phone is selected at random from those available at the store, 
what is the probability that it has caller ID?

 c. If you are now told that a phone has a speakerphone, does this make 
it more or less likely that it has caller ID?

 11. Model with mathematics. Recall the SpringBoard Superstar contest. 
This table shows four categories into which the contestants can be placed.

Male Female

Under 20 1 2

20 or Over 5 4

 a. Suppose that a contestant will be selected at random. Find the 
following probabilities to the nearest thousandth.
 i. P(female)
 ii. P(female | under 20)
 iii. P(female | 20 or over)

 b. Suppose you are a reporter for a newspaper. Write an article about 
the three probabilities you found in Part a. Compare these 
probabilities.
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Lesson 41-2
The Conditional Probability Formula

Learning Targets: 
• Develop the conditional probability formula.
• Use conditional probability for everyday situations.

SUGGESTED LEARNING STRATEGIES: Marking the Text, Predict and 
Confirm, Summarizing, Paraphrasing, Discussion Groups, Think-Pair-
Share, Note Taking

We have calculated conditional probabilities using counts. But often you are 
not given counts. You are only given probabilities. You can develop a formula 
to find conditional probability given probabilities. We begin with a Venn 
diagram showing counts.
 1. Recall the tortoises and animals of known gender in the Coco Wildlife 

Preserve. The relevant counts are given in this Venn diagram where T is 
the set of tortoises and K is the set of animals of known gender.

KT

4 20

24

37

30

57

  Write each probability as a fraction.
  a. Find P(T | K).

  b. Now, find P(T ∩ K).

The favorable outcomes of P(T |K ) 
and P(T ∩ K) are the same but the 
total possible outcomes are 
different. So the probabilities will be 
different.

MATH TIP
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Lesson 41-2
The Conditional Probability Formula

 c. Next, find P(K). 

 d. Finally, find ∩P T K
P K

( )
( ) . What do you notice?

To generalize, conditional probability can be found using this formula. 

For any two events A and B,

= ∩P A B P A B
P B( | ) ( )

( )

Check Your Understanding

 2. The Coco Foundation takes care of a number of primates. When a 
primate is selected at random, let T be the event that it is a tamarin 
and let N be the event that it is at least nine years old. Some of the 
relevant probabilities are shown in the Venn diagram. 

NT

0.4 0.27 0.21

0.12

  Write your answer to each question using probability notation.
 a. What is the probability that a randomly selected primate is a 

tamarin and is at least nine years old?
 b. What is the probability that a randomly selected primate is at least 

nine years old?
 c. What is the probability that a randomly selected primate is a 

tamarin given that it is at least nine years old? Use the probability 
formula.

The primates are an order of 
placental mammals containing 
humans, apes, and monkeys.

BIOLOGYCONNECT TO

The formula for conditional 
probability is read:

“The probability of event A given 
event B is equal to the probability 
of event A and event B divided by 
event B.”

READING MATH
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Lesson 41-2
The Conditional Probability Formula

LESSON 41-2 PRACTICE
 3. Of the Coco Foundation’s lemurs, 39% are female, 54% are at least eight 

years old, and 21% are females who are at least eight years old. When a 
lemur is selected at random, let the event that it is female be F and let 
the event that it is at least eight years old be E.
 a. Write the values of P(F), P(E), and P F E( )∩ .
 b. Model with mathematics. Illustrate the information you have 

been given using a Venn diagram. Write decimals in your diagram, 
not percentages.

 c. When a lemur is selected at random, what is the probability that it is 
female given that it is at least eight years old?

 d. When a lemur is selected at random, what is the probability that it is 
at least eight years old given that it is female?

 e. When a lemur is selected at random, what is the probability that it is 
either a female or at least eight years old? (Hint: You may use the 
Addition Rule if you wish.)

 4. Recall the information you were given about a local baseball team. R is 
the event that the player is a right-handed thrower and Q is the event 
that the player is a pitcher. The probabilities of various combinations of 
these events are shown in the Venn diagram.

QR

0.46 0.36 0.08

0.1

 A player is selected at random. 
 a. Calculate P(R | Q). 
 b. Construct viable arguments. What is the probability that the 

player is a pitcher given that he is a right-handed thrower? Explain 
the difference between this probability and the probability that a 
randomly selected player is a pitcher and a right-handed thrower.

 c. If a right-handed thrower is selected, what is the probability that he is 
not a pitcher?

 d. If a player who is not a pitcher is selected, what is the probability that 
he is a right-handed thrower? How would this probability be written 
using conditional probability notation?
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Lesson 41-3
Tree Diagrams

Learning Targets: 
• Use tree diagrams to determine conditional probabilities.
• Apply the general Multiplication Rule.

SUGGESTED LEARNING STRATEGIES: Role Play, Shared Reading, 
Visualization, Discussion Groups, Debriefing, Close Reading, Marking the 
Text, Sharing and Responding

When problems involve conditional probabilities, it is often beneficial to use 
tree diagrams to illustrate the problem. A tree diagram can help you to find 
the conditional probabilities. 
Anson is concerned that video games are interfering with his connecting 
with his friends. He has decided that, every day, when he’s finished his 
homework, he will spin a spinner to decide if he should play video games or 
connect with his friends. The five outcomes on the spinner are equally likely.

5 1

2

3

4

He decided that if the result of the spin is a 4 or a 5, he will play video games; 
otherwise, he will not.
 1. Attend to precision. What is the probability that Anson will play 

video games? Write your answer as a decimal. Use probability notation.
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Anson found that if he plays video games, then the probability that he will 
connect with his friends is 0.3. If he doesn’t play video games, the probability 
he’ll connect with his friends is 0.9. You can use a  tree diagram  to illustrate 
this information.
Let V be the event that Anson plays video games, F be the event that he 
connects with his friends, VC be the event that he doesn’t play video games, 
and FC be the event that he doesn’t connect with his friends.

F

Fc

V
0.4

0.3

0.9
F

Fc

Vc

 2. Reason quantitatively. Find each probability. Write the answer 
using probability notation. Then write the probability in the appropriate 
place on the tree diagram.
 a. What is the probability that Anson does not play video games? 

 b. If Anson plays video games, what is the probability that he will not 
connect with his friends? 

 c. If Anson doesn’t play video games, what is the probability that he will 
not connect with his friends?

Notice that the conditional probability P(F | V) is a  dependent event . We are 
looking for the probability of Anson connecting with friends once he has 
played video games.

Lesson 41-3
Tree Diagrams

A tree diagram is a graphic 
organizer for listing the possible 
outcomes of an experiment.

MATH TERMS

Two events are said to be 
dependent if the result of the 
second event is affected by the 
result of the first event.

MATH TERMS
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Lesson 41-3
Tree Diagrams

Now imagine 100 days, as shown in the tree diagram.

F

Fc

V
0.4

0.3

0.7

0.9

0.1

0.6 F

Fc

Vc

100

 3. On how many of these 100 days would you expect Anson to play video 
games? Write this number in the box above “V”. 

 4. On how many days would you expect Anson to play video games 
and connect with his friends? Write this number in the box above “F”.

 5. What is the probability of the event in Item 4?

 6. What two probabilities can you multiply in order to find the probability 
of the event in Item 4?

 7. Find each of the following probabilities using multiplication. 
 a. Anson plays video games and does not connect with his friends.

 b. Anson does not play video games and connects with friends.

 c. Anson does not play video games and does not connect with his 
friends.
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Lesson 41-3
Tree Diagrams

We’ll now work out the probability that Anson connects with his friends. 
In order to connect with his friends, Anson has to either play video games 
and connect with his friends or not play video games and connect with 
his friends. 
 8. What is the probability that Anson connects with his friends? Use the 

Addition Rule for mutually exclusive events.

 9. Notice the probability 0.3 in the tree diagram. This is a conditional 
probability. It is the probability of F given V. What is the probability of F 
given VC? Use probability notation to write your answer.

Check Your Understanding

Bernadette also plays video games or does not, and connects with her 
friends or does not. The probabilities are shown in the diagram.

F

Fc

V
0.2

0.4

0.6

0.7

0.3

0.8 F

Fc

Vc

 10. Find the probability that Bernadette plays video games and connects 
with her friends. 

 11. To find the probability that Bernadette connects with her friends, she 
has to either play video games and connect with her friends or not 
play video games and connect with her friends. What is the probability 
that she connects with her friends?

 12. Why is it possible to add to find the probability in Item 11?
 13. Write the probability that Bernadette connects with her friends given 

she does not play video games. Use probability notation to write your 
answer. 

These two events are mutually 
exclusive. You cannot play video 
games and not play video games 
at the same time.

MATH TIP
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Lesson 41-3
Tree Diagrams

Consider another probability experiment involving dependent events. 
In this experiment, the two events occur without replacement.
 14. Reason quantitatively. Ms. Troy’s math class consists of 18 girls and 

12 boys. Ms. Troy is planning to choose two students at random to 
record the results of a survey on a poster. To do this, Ms. Troy will write 
the names of the students on identical slips of paper and will place the 
slips in a hat. She will randomly pick one slip from the hat, and then, 
without replacing the first slip, will randomly pick a second slip.
 a. What is the probability that the first student selected is a girl?

b. If the first student selected is a girl, how many slips of paper for girls 
are now left in the hat? How many slips of paper are left in the hat? 
So, if the first student is a girl, what is the probability that the second 
student will also be a girl?

c. If the first student selected is a boy, how many slips of paper for girls 
are now left in the hat? How many slips of paper are left in the hat? 
So, if the first student is a boy, what is the probability that the second 
student will be a girl?

d. Write the relevant probabilities on the tree diagram below.

G
First Student Second Student

B

G

G

B

B

Since the first slip of paper is not 
replaced, the sample space of the 
second event will be changed.

MATH TIP
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Lesson 41-3
Tree Diagrams

e. Find the probability that both students chosen are girls. Use 
probability notation to write your answer.

 We have been using a tree diagram to find the probability of a 
compound event. This leads to the Multiplication Rule:

If A and B are dependent events, then

P(A and B) = P(A) ⋅ P(B | A)

  f. Find the probability that a girl and a boy are chosen to represent the 
class. Use probability notation to write your answer.

Follow the branches of the tree 
diagram from G to G and multiply.

MATH TIP

The probability that a girl and a 
boy are chosen can occur if the 
first student chosen is a girl or if 
the first student chosen is a boy.

MATH TIP

Check Your Understanding

 15. Mr. Santaella’s class consists of 10 girls and 15 boys. He will choose 
two students at random to be hall monitors. 
 a. Complete the tree diagram.

G

B

G
0.4

G

B

B

9
24

 b. What is the probability that the students chosen will be:
 i. two girls?
 ii. a girl and a boy?
 iii. two boys?

 c. Why is this a probability experiment without replacement?
 16. Owen has a bag of marbles with 3 red, 5 white, and 7 green marbles. 

He picks a marble from the bag without looking. He picks a second 
marble without putting the first marble back in the bag.
 a. Draw a tree diagram to represent this experiment.
 b. What is the probability that Owen will pick:

 i. two white marbles?
 ii. a red and a white marble?
 iii. two green marbles?
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Lesson 41-3
Tree Diagrams

LESSON 41-3 PRACTICE
 17. Make sense of problems. Gerry is developing a small ski resort. 

He has worked out that if there’s a lot of snow this coming winter, the 
probability that the resort will make a profit is 0.9. However, if there’s 
not a lot of snow this winter, then the probability that the resort will 
make a profit is 0.6. According to information Gerry found on the 
Internet, the probability that there will be a lot of snow this winter is 0.7.
 a. Draw a tree diagram to represent these possible outcomes. Include all 

the relevant probabilities.
 b. What is the probability that there will be a lot of snow and the resort 

will make a profit?
 c. What is the probability that there will not be a lot of snow and the 

resort will not make a profit?
 d. What is the probability that the resort will make a profit?

 18. Coach Caroline’s softball team has made the playoffs. The first game has 
not been scheduled yet, but Caroline knows that the first game is 
equally likely to be on any one of the seven days of the week. Caroline 
has different players available on different days of the week, and she has 
estimated that if the game is on a Monday, a Wednesday, or a Friday, the 
probability that her team will win is 0.6. If the game is on a Tuesday or a 
Thursday, the probability that her team will win is 0.5. If the game is on 
a Saturday or a Sunday, the probability that her team will win is 0.45.
 a. Complete the diagram below by writing the appropriate probabilities 

above the lines of the tree diagram.

Win

Lose

Mon/Wed/Fri

Tue/Thu

Sat/Sun

Win

Lose
Win

Lose

 b. What is the probability that Coach Caroline’s team will win? 
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Dependent Events
Coco Wildlife Conservation Trust

ACTIVITY 41 PRACTICE
Write your answers on notebook paper. 
Show your work.
 1. Recall the high school current affairs club that 

has members in all four grades (9, 10, 11, and 12) 
and of both genders (male and female). The 
numbers of students in the various grade/gender 
categories are given in the table.

Male Female Total

 9  8  6

10  4  2  

11  3  7

12  9  9

Total

 a. Complete the table.
 b. If a student is selected at random from the 

club’s female members, what is the probability 
that she is a 9th grader?

 c. When selecting a club member at random, 
what is the probability that the student is 
female given that the student is a 9th grader?

 d. When selecting a club member at random, 
what is P(11th grade | male)?

 2. A random sample of 100 people was selected from 
the adults at a mall. Each person selected was 
asked whether he or she had used a mobile phone 
that day; people’s ages were also noted. The 
results of the survey are summarized below.

Age

18–35 36–55 56 or over

Had Used 
a Mobile 
Phone

34 27 10

Had Not 
Used a Mobile 
Phone

 3 11 15

Total

 a. Complete the table.
 b. Suppose that a person will be selected at 

random from those included in the sample. 
Find the following probabilities to two 
decimal places. 
 i. P(used a mobile phone |18–35)
 ii. P(used a mobile phone | 36–55)
 iii. P(used a mobile phone | 56 or over)

 c. Since the sample was selected randomly from 
the adults at the mall, the results of the survey 
are likely to represent the population of all the 
adults at the mall. What do your answers in 
Part b suggest about this population?

 d. Do you think it would be reasonable to use the 
sample result to make conclusions about all 
the adults in the town where the mall is 
located? Explain.

 3. Suppose that you will select an American adult at 
random. Let S be the event that the person visited 
a supermarket last Wednesday, and let F be the 
event that the person is female.
 a. Roughly, what do you think would be the value 

of P(S)? (Just make a rough guess! Any answer 
that is in any way reasonable will be accepted.)

 b. Now think about the probability P(S ∩ F). 
Would this probability be larger or smaller 
than your answer to Part a? Explain.

 c. Now think about the probability P(S | F). Do 
you think this probability would be larger or 
smaller than your answer to Part b? Explain.
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Dependent Events
Coco Wildlife Conservation Trust

 4. In an earlier exercise, a vehicle was to be selected 
at random from a city. Let the event that the 
vehicle is a car be C and the event that the vehicle 
is white be W. Some of the relevant probabilities 
are given in the Venn diagram.

WC

0.62 0.14 0.06

 a. Calculate the value of the probability that has 
been omitted from the Venn diagram, and 
write that probability in the appropriate place.

 b. Calculate P(C | W ).
 c. What proportion of cars in this city is white?
 d. If a non-white vehicle is selected at random, 

what is the probability that it is a car?

 5. Janet is keeping her eye on a stock market index. 
If the index rises today, then the probability that 
she will make an investment tomorrow is 0.84. 
However, if the index does not rise today, then 
the probability that Janet will make an investment 
tomorrow is 0.58. This particular index rises on 
70% of days.
 a. Draw a tree diagram to represent this 

information. Complete the tree diagram by 
writing all the relevant probabilities next to 
the branches. Use decimals, not percentages, 
for the probabilities.

 b. What is the probability that the index rises but 
Janet does not make an investment tomorrow? 
Show your work. Use probability notation.

 c. What is the probability that Janet makes an 
investment tomorrow? Show your work. Use 
probability notation.

MATHEMATICAL PRACTICES
Reason Abstractly and Quantitatively

 6. You spend your life making decisions. Though 
you may not realize it, many of your decisions are 
based on conditional probabilities. For example, a 
taxi driver thinks to himself, “If I take the 
interstate, it’s likely that I’ll get stuck in traffic, 
but if I take the back streets, it’s much less likely 
that I’ll get stuck in traffic. Therefore, I’ll take the 
back streets.” Describe a recent decision you’ve 
made that was based on conditional probability.
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Independent Events
The Caribou, the Bear, and the Tyrannosaurus
Lesson 42-1 The Multiplication Rule

Learning Targets: 
• Understand when two events are independent.
• Use the Multiplication Rule to determine if two events are independent.
• Understand independent and dependent events in real-world situations.

SUGGESTED LEARNING STRATEGIES: Activating Prior Knowledge, 
Interactive Word Wall, Close Reading, Think Aloud, Shared Reading, 
Create Representations, Visualization, Think-Pair-Share, Debriefing 

As you share your ideas, be sure to use mathematical terms and academic 
vocabulary precisely. Make notes to help you remember the meaning of new 
words and how they are used to describe mathematical ideas.
 1. Suppose we have a set of 40 cards consisting of 10 blue cards (labeled 1 

through 10), 10 green cards (labeled 1 through 10), 10 red cards (labeled 
1 through 10), and 10 yellow cards (labeled 1 through 10). To summarize, 
this is what we have:

Blue: 1 2 3 4 5 6 7 8 9 10
Green: 1 2 3 4 5 6 7 8 9 10
Red: 1 2 3 4 5 6 7 8 9 10
Yellow: 1 2 3 4 5 6 7 8 9 10

 A card will be selected at random; if it’s an 8, a 9, or a 10, you will win 
a prize.

 a. What is the probability that you will win a prize?

 b. Construct viable arguments. Suppose someone selects the card 
for you and tells you that the card is blue, but doesn’t tell you what 
number is on the card. Does this change the probability that you will 
win a prize? Show the calculation that leads you to your answer.

 c. Using probability notation, the probability you found in Part a is 
written as P(prize). How would you use probability notation to write 
the probability in Part b?

Activity 42 • Independent Events 613
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Lesson 42-1
The Multiplication Rule

The fact that P(prize | blue) and P(prize) are equal tells us that the events 
“winning a prize” and “picking a blue card” are  independent . Knowing that 
the card is blue does not change the probability that you win a prize. If two 
events are independent, the following is true.

Two events A and B are independent if 
P(A | B) = P(A) and P(B | A) = P(B).

We use this relationship to determine if two events are independent.
 2. Suppose that you roll a cube with faces numbered 1 through 6. 

Let E be the event that the cube shows an even number.
Let F be the event that the cube shows a number greater than 2.
Let G be the event that the cube shows a number greater than 3.
 a. Find P(E).

 b. Find P(E | F). Are E and F independent events?

 c. Find P(E | G). Are E and G independent events?

Sometimes you are only given the probabilities and you would like to 
determine if the events are independent or not. Based on the situation, you 
might think that the events are dependent. You need to do an analysis of the 
data to be sure.
 3. Let the event that it is sunny tomorrow be S and let the event that Emily 

will go jogging be J. The probabilities are shown. 

J

Jc

S
0.7

0.8

0.2

0.8

0.2

0.3 J

Jc

Sc

Independent Events

Two events are independent if the 
result of the second event is not 
affected by the result of the first 
event. 

MATH TERMS
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Lesson 42-1
The Multiplication Rule

 a. Find P(J). Show your work.

 b. Find P(J | S) and P(J | SC). Are J and S independent events? Are J and 
SC independent events?

 c. Reason abstractly. What conclusion can you draw regarding the 
probability of Emily jogging? Explain.

Now let’s look at the probabilities of another jogger.
 4. Let the event that it is sunny tomorrow be S and let the event that 

Chaya will go jogging be J. Suppose that the probabilities associated 
with these events are as shown in this tree diagram.

J

Jc

S
0.7

0.9

0.1

0.4

0.6

0.3 J

Jc

Sc

 a. Find P(J). 

 b. Find P(J | S). Are J and S independent events?

 c. Reason quantitatively. Is Chaya more or less likely than Emily to 
jog tomorrow? Explain.

Biologists use this technique to 
interpret the results of clinical 
trials. They can determine if certain 
events affect the trial.

BIOLOGYCONNECT TO
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Lesson 42-1
The Multiplication Rule

 5. A question in the previous activity told us about the Coco Trust’s 
cranes. The cranes are categorized as shown in the table below.

Male Female Total
Gray-crowned 16 13 29
White-naped 17 14 31
Stanley 11 19 30
Total 44 56 90

Suppose that a crane is selected at random. Find P(male) and 
P(male | Stanley). Are the events “is male” and “is a Stanley crane” 
in this population independent? Explain briefly.

Check Your Understanding

 6. In an earlier exercise, you were told that when a house is selected at 
random from Hector Street, the probability that the house has gas-fired 
central heating is 0.25, the probability that the house has off-street 
parking is 0.76, and the probability that the house has both gas-fired 
central heating and off-street parking is 0.19. Let G be the event that a 
house has gas-fired central heating and F be the event that it has 
off-street parking.
 a. Model with mathematics. Draw a Venn diagram to represent 

this information.
 b. Are the events G and F independent? Show the calculations that lead 

you to your conclusion.
 7. In the country of Millipotamia, 68% of the population do strenuous 

exercise, 50% walk for pleasure, and 21% do neither of these two things.
 a. When a person is selected at random from Millipotamia, let E be the 

event that the person engages in strenuous exercise and W be the 
event that the person walks for pleasure. Draw a Venn diagram to 
illustrate the information you’ve been given.

 b. Find the probability that a randomly selected person from 
Millipotamia engages in strenuous exercise and walks for pleasure. 
(Hint: The Addition Rule could be used to answer this question.)

 c. Are the events E and W independent? Explain.
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Lesson 42-1
The Multiplication Rule

In the first part of this lesson, we showed that for two independent events,

P(A | B) = P(A).

In a previous activity we showed that for any two events A and B,

P A B P A B
P B

( | ) ( )
( )

= ∩ .

Substitute P(A) for P(A | B) and rewrite the equation:

P A B
P B

P A( )
( )

( )∩ =

Next, multiply both sides of the equation by P(B). We see that this is 
equivalent to saying that 

⋅∩ =P A B P A P B( ) ( ) ( ) .

Now we know the following:

The events A and B are independent if and only if ⋅∩ =P A B P A P B( ) ( ) ( ).

So for independent events, in order to find the probability that both events 
will happen, you multiply the probabilities of the events. That is,

if A and B are independent events, then P(A and B) = P(A) ∙ P(B).

Note that the rule tells us two things: 
First, if A and B are independent events, then ⋅∩ =P A B P A P B( ) ( ) ( ). 
Second, if ⋅∩ =P A B P A P B( ) ( ) ( ), then A and B are independent events.
 8. Recall the information about the houses on Hector Street, P(G) = 0.25, 

P(F) = 0.76, and P(G ∩ F) = 0.19, and use the formula above to show 
that G and F are independent events. Do not confuse two events being 

independent with their being 
mutually exclusive. 

If two events are independent, 
then 

P(A ∩ B) = P(A) ⋅ P(B). 

If two events are mutually 
exclusive, then 

P(A ∩ B) = 0.

MATH TIP
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Lesson 42-1
The Multiplication Rule

 9. Suppose that you will flip a coin and that you will roll a cube with faces 
numbered 1 through 6. 
 a. Make sense of problems. Explain briefly in words how you 

know that the events “the coin lands heads up” and “the cube shows a 
6” are independent.

 b. What is the probability that the coin will land heads up and the coin 
will show a six? Show your work.

10. When a student is selected at random from Annabel High School, let G 
be the event that the student’s average grade is over 90 and let S be the 
event that the student lives in the southern part of town. You are given 
that P(G) = 0.29, P(S) = 0.42, and that G and S are independent events.
 a. When a student is selected at random from Annabel High School, 

what is the probability that the student has an average grade over 90 
and lives in the southern part of town?

 b. When a student is selected at random from Annabel High School, 
what is the probability that the student has an average grade over 90 
or lives in the southern part of town? (Note: The Addition Rule can 
be used to answer this question.)

 11. Suppose that you roll a cube with faces numbered 1 through 6. Let A 
be the event that the result for the cube is a 5, and let B be the event 
that the result is a 3.
 a. Explain in words how you know that A and B are independent 

events.
 b. What is the probability that event A is a 5 and event B is a 3? 

Check Your Understanding

Some ways of finding out whether 
A and B are independent events 
are to check whether 

• P(A | B) = P(A),
• P(B | A) = P(B),
• P(A | B) = P(A | BC ), and
• P(A ∩ B) = P(A) ⋅ P(B).

MATH TIP

618 SpringBoard® Mathematics Geometry, Unit 6 • Probability

continuedcontinuedcontinued
ACTIVITY 42



My Notes

©
 2

01
5 

Co
lle

ge
 B

oa
rd

. A
ll 

ri
gh

ts
 re

se
rv

ed
.

Lesson 42-1
The Multiplication Rule

LESSON 42-1 PRACTICE 
 13. Kathy is still eating Crisp breakfast cereal, where each box contains a 

plastic monkey, elephant, caribou, or bear, and where these four animals 
appear with equal probability. Brian is eating Wheats breakfast cereal. 
Each box of Wheats contains one of five different plastic dinosaurs: 
Tyrannosaurus, Stegosaurus, Argentinosaurus, Giganotosaurus, and 
Iguanodon, and these five dinosaurs appear with equal probability. Each 
of the kids has one new box of cereal.
 a. Let C be the event that Kathy gets a caribou and let T be the event 

that Brian gets a Tyrannosaurus. Explain in words how you know 
that C and T are independent events.

 b. What is the probability that Kathy gets a caribou and Brian gets a 
Tyrannosaurus?

 c. What is the probability that Kathy gets a bear and Brian gets a 
Giganotosaurus?

 d. Remember that when two events are mutually exclusive you can find 
the probability that one event happens or the other event happens by 
adding the probabilities of the two events. What is the probability 
that Kathy gets a caribou and Brian gets a Tyrannosaurus or Kathy 
gets a bear and Brian gets a Giganotosaurus?

 14. Reason quantitatively. Kathy has two new boxes of Crisp.
 a. What is the probability that both boxes contain caribous?
 b. What is the probability that the first box she opens contains a caribou 

and the second box she opens contains a bear?
 c. To get a caribou and a bear, Kathy can either get a caribou in the first 

box and a bear in the second box or she can get a bear in the first box 
and a caribou in the second box. What is the probability that Kathy 
gets a caribou and a bear?

 12. Construct viable arguments. Suppose that the events A and B 
have probabilities as shown in the Venn diagram below. Are A and B 
independent events? Explain.

BA

0.4

0.24

0.6
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Lesson 42-1
The Multiplication Rule

 15. Suppose that Kathy still doesn’t have a caribou, and she really wants one. 
So her mother buys three boxes of Crisp, and Kathy opens the boxes one 
by one.
 a. What is the probability that Kathy gets three caribous?
 b. What is the probability that Kathy gets three bears?
 c. What is the probability that Kathy gets three caribous or three bears?
 d. What is the probability that Kathy gets three of the same type of 

animal?
 e. What will be the probability that Kathy doesn’t get any caribous in the 

three boxes?
 16. If Brian opens three boxes of Wheats, what is the probability that he gets:

 a. three Tyrannosauruses?
 b. no Tyrannosaurus?

 17. If Brian opens two boxes of Wheats, what is the probability that he gets 
exactly one Tyrannosaurus? (Hint: The answer to this item is not 0.16.)

 18. Reason abstractly. A survey found that 65 percent of Americans get 
enough exercise to meet a certain physical activity guideline. Suppose 
that two Americans will be selected at random. According to this 
guideline, find the probability that:
 a. they both get enough exercise.
 b. neither of them gets enough exercise.
 c. exactly one of them gets enough exercise.

 19. Suppose that you have a red cube with faces numbered 1 through 6 and 
a blue cube with faces numbered 1 through 6. You roll both of the cubes. 
Find the probability that your total score is:
 a. 12.
 b. 11.
 c. 10.
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Lesson 42-2
Geometric Probability 

Learning Targets:
• Discover ways probability is used in real-life situations.
• Determine the probability of an event involving area.
• Use a linear model to determine probability involving elapsed time.

SUGGESTED LEARNING STRATEGIES: Activating Prior Knowledge, 
Levels of Questions, Visualization, Discussion Groups, Debriefing

Wildlife biologists study animal populations to determine the possible effects 
of industrialization. Since it is impractical to attempt to count every animal 
in a population, samples are taken. The results are extrapolated to the entire 
population.
 1. Ms. Takeuchi observed 23 wood ducks within a rectangular area along a 

river that was about 52 ft by 26 ft. The Coco Wildlife Trust wanted to 
determine if a protected area along a river in the preserve that was 60 ft 
by 40 ft could support the 36 wood ducks they had purchased. What is 
the probability that the protected area is sufficient for the 36 ducks? 
What might affect the survival of these ducks?
 a. How many wood ducks were observed in one square foot in the 

small area? First find the area of the sample space. Then find the 
number of ducks per square foot.

 b. How many wood ducks might be expected to be in the larger area?

 c. Find the probability that the protected area can support 36 ducks.

 d. What might account for a decline in the wood duck population?

Wood ducks live in trees or bushes 
that grow along the shores of 
lakes, rivers, and streams. They 
need to be near water. When trees 
and bushes are cleared along the 
water, conservationists replace 
them with nesting boxes. For more 
information about wood ducks, go 
to www.allaboutbirds.org/guide/
wood_duck/lifehistory.

BIOLOGYCONNECT TO
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Lesson 42-2
Geometric Probability

 2. Zelly plans to play the dart game at the 
county fair. The target is mounted on a 
dartboard that is 15 in. by 15 in. The small 
circle has a radius of 2 in. The large circle 
has the same center as the small circle and 
a radius of 6 in. If a dart lands in the shaded 
region, Zelly will win a grand prize. If a dart 
lands in the outer circular region, Zelly will 
win a smaller prize. Assume that it is equally 
likely that Zelly’s dart will land on any point 
on the board.
 a. What is the probability Zelly will win the grand prize? 

 b. What is the probability Zelly will win the smaller prize?

The previous example is an example of an area model for probability. Now 
let’s look at a linear model.
 3. Model with mathematics. Mr. Torres catches a bus each morning 

for work. The bus runs every 20 minutes. If he arrives at his bus stop at a 
random time, what is the probability that he will have to wait 5 minutes 
or more? Assume the bus stops for an insignificant amount of time. This 
number line represents elapsed time. Point B is when the next bus will 
arrive.

A C B

0 5 10 15 20

 a. If Mr. Torres arrives at the bus stop between points C and B, how 
long will he have to wait for the next bus?

 b. What happens if Mr. Torres arrives at any time between points A 
and C?

 c. Attend to precision. What is the probability that Mr. Torres will 
have to wait 5 minutes or more? Show your work.
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Lesson 42-2
Geometric Probability

LESSON 42-2 PRACTICE
 7. The members of the Math Club are designing dartboards. They 

experimented with different shapes. For which dartboard is the 
probability of hitting the bull’s-eye the least? Note that the dartboards 
are not drawn to scale.
 A. 

12

12 1.5

 B. 

12

3
5 1212

 C. 

12

3
33

3

D. 

13

12

8

The California Department of 
Conservation maintains a website 
on earthquake probabilities.

GEOLOGYCONNECT TO
 4. Statistical information or data is used to calculate probabilities. The 

probabilities in turn help us to plan for future events such as 
earthquakes. How might knowing the probability that an earthquake 
may occur at a particular site be helpful?

 5. Maggie wants to play darts at the 
school fair. The target is on a square 
dartboard that is 18 in. on a side. 
Maggie will score points if her dart 
lands in any of the concentric circles. 
She will score 25 points if her dart 
lands in the bull’s-eye in the center. 
She will receive 15 points if her dart 
lands in the gray region, 10 points if 
her dart lands in the outer ring of the 
circles, and 0 points if her dart lands 
outside the circles on the dartboard.

 Write each probability as a decimal 
to the nearest ten thousandth and as a percent.
 a. What is the probability that her dart will hit a bull’s-eye three times 

in a row?
 b. What is the probability she will score 30 points in three attempts? 

Explain your work.
 6. Mrs. Ciaccio takes a bus every Sunday to visit her mother in the next 

town. The bus leaves every 15 minutes. If she arrives at the bus stop 
at a random time, what is the probability that she will have to wait 
10 minutes or more? 

6 in.

18 inches

4 in.

2 in.

Check Your Understanding
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Lesson 42-2
Geometric Probability

 8. Attend to precision. Students will not play a dartboard game if it is 
too difficult to win a prize. Design a dartboard with the probability that 
a student will hit the bull’s-eye about 15% of the time.

 9. Darts are thrown at random at each dartboard. Find the probability that 
the dart will land in the shaded region. Write your answer as a percent.
 a.  b. 

150°

c. 

10

10 20

20

10

 10. Liam made a 3 × 3 target on a 10 × 10 dartboard. 
 a. What is the probability that a dart will hit Liam’s target?
 b. Critique the reasoning of others. Olivia made a 6 × 6 target on 

a 10 × 10 dartboard. She said that the probability of a dart landing in 
her target area would be twice as great as the probability that a dart 
will land in Liam’s target area. Do you agree? Explain.

 11. Amelia plants an 8 ft by 6 ft garden. She plants roses in a 2 ft by 3 ft 
section of the garden. If a robin randomly lands in the garden, what is 
the probability that the robin will land among the rosebushes? What is 
the probability that 2 robins will land among the rosebushes?

 12. Look for and make use of structure. How would you find the 
probability of landing in the shaded region without knowing the length 
of the radii of the circles or the dimensions of the square? Show your 
work.
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Lesson 42-3
Permutations and Combinations

Learning Target:
• Use permutations and combinations to compute probabilities of 

compound events and solve problems.

SUGGESTED LEARNING STRATEGIES: Activating Prior Knowledge, 
Interactive Word Wall, Close Reading, Think Aloud, Marking the Text, 
Think-Pair-Share, Debriefing

Probability is based on counting. You have been introduced to various 
counting techniques such as listing, the Addition Rule, and the Multiplication 
Rule, as well as various ways of illustrating the counts such as two-way 
frequency tables, Venn diagrams, and tree diagrams. What you choose to use 
to find the probability of events depends on the problem and the information 
you are given. 

For the techniques you will learn in this section, you need the  Fundamental 
Counting Principle. 
 1. Suppose you have 2 pairs of jeans, 4 T-shirts, and 3 jackets. How many 

outfits do you have? You can multiply to find the total number of 
possible outfits.

What happens when the second event is influenced by the first event?
 2. Suppose 5 children line up for a family portrait. It doesn’t matter where 

each child stands. In how many different ways can the children pose for 
the portrait? 
 a. How many choices are there for the first place in the photo? 

 b. A child has been chosen for the first place. Now how many choices 
are there for the second place in the photo? Explain.

 c. Continue the pattern for the third, fourth, and fifth places. Use the 
Fundamental Counting Principle to determine the total possible 
ways the children can pose for a portrait. 

The Fundamental Counting 
Principle states that if one event 
can occur in m different ways and a 
second event can occur in n 
different ways, then together the 
events can occur in m ⋅ n different 
ways, assuming that the second 
event is not influenced by the first 
event. 

MATH TERMS
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Lesson 42-3
Permutations and Combinations

We now introduce a special mathematical notation called  n   factorial . This 
notation is shorthand for writing products such as the one in Item 2. We can 
write this product as 5!.

5! = 5 ⋅ 4 ⋅ 3 ⋅ 2 ⋅ 1 = 120

This notation is very helpful when you have to count all the possible 
outcomes for multiple events.

The problem in Item 2 is a  permutation . The number of arrangements of the 
5 children for the photo is 120 distinct arrangements. This is a simple 
permutation and can be written as 5P5 or 5! Notice that there was no 
repetition in this event. The same child cannot stand in the first place and the 
second place at the same time. 

 3. Suppose the photographer wanted 3 of the children to sit on a bench in 
the photo. In how many different ways can 3 of the 5 children be seated 
on the bench? Begin with 5 children, but remember, you only want 3 to 
sit on the bench.

This is the number of permutations of 5 taken 3 at a time. We write and 
calculate 

5P3 = 5 ⋅ 4 ⋅ 3 = 60 permutations.

We can also write this using factorial notation in the following way:

⋅ ⋅ ⋅ ⋅⋅= =
−

P 5 4 3 2 1
2 1

5!
(5 3)!5 3

When the objects to be arranged are not all distinct, the formula has to be 
adjusted.
 4. Look at the word bowwow. The letters o and w are repeated. Thus, 

the letters in the word are not all distinct. 
 a. How many permutations of the letters would there be if the letters 

were distinct?

 Because some of the letters repeat, we would expect there to be fewer 
permutations. We adjust the formula:

P = 6
2 3

!
! !

The product n(n − 1)(n − 2)
. . . ⋅ 3 ⋅ 2 ⋅ 1 is called n factorial 
and is written n!. 

A permutation, P, of a set of 
objects is any arrangement of the 
objects in a definite order. The 
number of arrangements is written 

nPn = n!.

MATH TERMS

The number of permutations of 
n distinct objects taken r at a time 
is given by the formula:

n rP n
n r

=
−

!
( ) !

MATH TIP

The number of distinguishable 
permutations P of n elements 
taken n at a time, with r1 like 
elements of one kind, r2 like elements 
of another kind, and so on, is given 
by the formula

P n
r r r

= !
! ! ! . . .1 2 3

.

MATH TIP
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Lesson 42-3
Permutations and Combinations

 b. How many permutations of the letters are there in the word 
bowwow?

Each of the above examples is a problem that involves an event that occurs 
without replacement. How do we adjust the formula for permutations when 
there is replacement? 
 5. Al is creating a 3-digit secret code using the 4 digits 1, 3, 5, and 7. He 

decides that any of the digits can be repeated or replaced. So, 555 can be 
a code. Since the code 357 is different from the code 375, order matters. 
How many codes are possible? Explain.

To solve a counting problem, you need to decide if order matters. If order 
matters, it’s a permutation. Next you need to decide if the events involve 
replacement or not. Once you have made these two decisions, use the 
formula that is appropriate. 

When n is the number of things to 
choose from and you choose r of 
them where replacement is allowed 
and order matters, the number of 
permutations is given by the 
formula 

nr.

MATH TIP

 6. Use appropriate tools strategically. Find the number of 
permutations for each of the following. Write the formula you used.
 a. How many different ways can 8 children be seated in a row of 

chairs?
 b. How many different ways can 8 children be seated in a row of 

5 chairs?
 c. How many different ways can you arrange the letters in the word 

Mississippi? 
 d. How many 4-digit secret codes can Brian create using the 5 digits 

3, 4, 5, 6, and 7?
 7. Make sense of problems. Find the number of permutations of the 

letters in the words dear and deer. Use a permutation formula. Then 
make an organized list to verify your answers. Why are the 
permutations different for these 4-letter words?

Check Your Understanding
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Lesson 42-3
Permutations and Combinations

Let us look at a problem where order doesn’t matter. How could we count the 
number of possible arrangements? 
 8. Reason abstractly. Suppose you have the four letters a, b, c, and d. 

You are asked to pick two letters. What is the number of possible 
arrangements:
 a. if order matters? That is, ab is different from ba. Explain.

 b. if order does not matter? That is, ab is the same as ba. You would 
expect there to be fewer arrangements. List all of the possible 
arrangements. Next, cross out the arrangements that are the same. 
Then count the number of arrangements that are left.

Arrangements where order doesn’t matter are called  combinations. Notice 
that part of the formula for combinations is the permutation formula nPr. 
Combinations are simpler than permutations. There are fewer of them.

A combination is a way of selecting 
several objects from a larger group, 
where order does not matter. The 
formula for combinations is 

n rC n
r n r

=
−
!

!( )!

MATH TERMS

 9. What do you have to decide before you can solve a counting problem 
with multiple possibilities?

 10. What is the difference between a permutation and a combination?
 11. Write a problem involving permutations. Then rewrite the problem so 

that it is a problem involving combinations.
 12. In a contest, 5 winners will get equal prizes. If 15 people enter the 

contest, how many different arrangements of 5 people can be chosen 
as winners? Why is this a combination? 

 13. How many different 4-digit numbers can be formed from the digits 
1 through 9 inclusive? Is this a combination or permutation? Explain. 
Write the formula you can use to find the answer.

Check Your Understanding
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Lesson 42-3
Permutations and Combinations

Now let’s look at combinations with repetition.
 14. There are 4 different kinds of donuts on the menu of Caroline’s Café: 

chocolate, jelly, frosted, and plain. Jon wants to buy 3 donuts. How 
many ways can Jon choose his 3 donuts?
 a. Does order matter? Give an example.

 b. Is there repetition? Explain.

 c. List the possible combinations Jon could have.

Listing a combination of 4 objects taken 3 at a time with repetition is doable. 
What if you list the number of combinations of 10 objects taken 4 at a time 
with repetition? A formula would be handy. 

 d. Use the formula to find out how many possible combinations there 
are if Jon chooses 3 donuts from a selection of 4 donuts.

 e. Use the formula to find out how many possible combinations there 
are of 10 objects taken 4 at a time with repetition.

The number of combinations of n 
objects taken r at a time with 
repetition is given by the formula

n rC n r
r n

= + −
−

( )!
!( )!

1
1

.

MATH TIP
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Lesson 42-3
Permutations and Combinations

LESSON 42-3 PRACTICE
 15. Identify the counting formula you can use to solve each problem. Then 

solve the problem.
 a. There are 10 questions on a multiple-choice test. Each question has 

4 possible answers. How many ways can the test be completed?
 b. How many 3-letter code words can be made from the letters l, m, n, 

o, and p if repetition of a letter is allowed?
 c. How many lines can connect 6 points, no 3 of which are collinear? 

(Hint: Two points determine a line.) What is n? What is r?
 d. In how many different ways can the names of 11 players on a 

football team be listed in a column on the roster?
e. How many different arrangements are there of the letters in the 

word bedazzled?
 16. In a school library, there are 200 books. Neil wants to borrow 5 books. 

In how many ways can he make his choices?
 17. How many different committees of 5 can be chosen from 12 people?
 18. Make use of structure. A school club consists of 9 boys and 10 girls. 

How many committees of 3 boys and 2 girls can be formed? Show your 
work.

 19. A box contains 5 red balls and 8 white balls. In how many ways can we 
choose 6 balls, 3 of which are white? 

 20. How many four-letter code words can be created from the letters l, m, n, 
o, and p? Letters can be repeated in a code word. Why is this a 
permutation?

 21. How many ways can a president, vice president, treasurer, and secretary 
be picked from 15 students?

 22. How many different 7-digit license plates can be made if the first digit 
must not be a 0 and no digits may be repeated? 

 23. How many different license plates can be made if there are 4 digits and 
3 letters? No digit or letter is repeated, and the number 0 and the 
letter O are not used. 

Ask yourself:
• Does order matter?
• Is there repetition?

MATH TIP
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Independent Events
The Caribou, the Bear, and the Tyrannosaurus

ACTIVITY 42 PRACTICE 
Write your answers on notebook paper. 
Show your work.

Lesson 42-1
 1. When a student is selected at random from 

Annabel High School, the probability that the 
student plays soccer is 0.18, the probability that 
the student plays basketball is 0.32, and the 
probability that the student plays at least one of 
these sports is 0.42.
 a. Find the probability that a student selected at 

random from Annabel High School plays 
soccer, plays basketball, or plays soccer and 
basketball.

 b. Determine whether S and B are independent 
events. Explain.

 2. The zoo’s penguins are categorized as shown in 
this table.

Known 
to Be 
Male

Known 
to Be 

Female

Unknown 
Gender Total

Northern 
Rockhopper 

Penguin
15 12 5

Magellanic 
Penguin 18 15 7

Total

 a. Copy the table above, and complete it by 
entering the totals. 

 b. Suppose that a penguin will be selected at 
random.

 i. Find the probability that the selected 
penguin is known to be female.

 ii. Find the probability that the selected 
penguin is known to be female given that 
it is a northern rockhopper penguin.

 iii. Are the events “is known to be female” 
and “is a northern rockhopper penguin” 
independent? Explain using your answers 
to Parts b(i) and b(ii).

 3. Dinah, one of the ducks at the zoo, is sick. The 
probability that Dinah will recover by next 
Thursday is 0.8. If Dinah recovers by next 
Thursday, the probability that Mr. Lee will go to 
the National Zoological Conference is 0.9. If 
Dinah doesn’t recover by next Thursday, the 
probability that Mr. Lee will go to the conference 
is 0.4. In the tree diagram below, R denotes the 
event that Dinah recovers and Z denotes the 
event that Mr. Lee will go to the zoological 
conference. 
 a. Write the appropriate probabilities next to the 

six branches.

Z

Zc

R

Z

Zc

Rc

 b. Find the probability that Dinah recovers but 
Mr. Lee doesn’t go to the conference.

 c. Find the probability that Mr. Lee goes to the 
conference.

 d. Are Z and R independent events? Explain.

Lesson 42-2
 4. The shaded region is a square with side length of 

5 2  on a circular dartboard. Estimate the 
probability that a dart will hit the shaded region. 
Show your work.

5√2
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Independent Events
The Caribou, the Bear, and the Tyrannosaurus

Lesson 42-3
 5. How many permutations of the letters are there 

in the word statistics?
 6. How many ways can 10 different books be 

arranged on a shelf that can hold 6 books?
 7. There are 5 different-colored marbles in a bag. 

Sarah will pick out 3 marbles without looking. 
How many different combinations can she pick?

 8. In how many ways can 7 children be seated in a 
row in the school auditorium?

 9. In how many ways can a 4-digit code be created 
using the six digits 2, 3, 4, 6, 7, and 9 if repetition 
of a number is allowed? 

 10. In how many different ways can the letters a, b, c, 
d, e, and f be arranged in groups of 3?

MATHEMATICAL PRACTICES
Look For and Make Use of Structure

 11. Choose an area you’re interested in. It could be a 
sport, listening to or playing music, some other 
area of the arts, or any other interest. 
 a. In your chosen context, describe two events 

that are mutually exclusive, and explain why 
they are mutually exclusive.

 b. In your chosen context, describe two events 
that you believe to be independent, and 
explain why you think this is the case.
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Conditional Probability and 
Independent Events 
DIANE’S e-BOOKS

Embedded Assessment 2
Use after Activity 42

 1. Diane has a collection of 91 novels. They are categorized as shown in 
the table below.

Hardcover Paperback Total
Detective Novels 12 20 32
Romance Novels  8 28 36

Other Novels  9 14 23

Total 29 62 91

 a. If Diane selects one of her novels at random, what is the probability 
that it is:

 i. a romance novel?
 ii. a romance novel given that it is a paperback?

 b. Use your answers to Parts a(i) and a(ii) to decide whether the two 
events are independent. Explain your reasoning.

 2. Diane is looking at her collection of e-Books. She has worked out that 
60% of her e-Books were downloaded from Company A, 68% are works 
of fiction, and 36% are works of fiction that were downloaded from 
Company A. When Diane selects one of her e-Books at random, let the 
event that it was downloaded from Company A be A and the event that 
it is a work of fiction be F.
 a. Draw a Venn diagram to represent the information you have been 

given. (As always, be sure to write the probabilities in your diagram 
and in your work as decimals, not percentages.)

 b. Complete your Venn diagram by writing on it any additional relevant 
probabilities.

 c. When Diane selects one of her e-Books at random, what is the 
probability that it is neither a work of fiction nor was downloaded 
from Company A?

 d. If Diane randomly selects a work of fiction, what is the probability 
that it was downloaded from Company A?

 e. If Diane randomly selects a book that was downloaded from 
Company A, what is the probability that it is not a work of fiction?

 f. What are the values of P(A), P(F), and P A F( )∩ ?
 g. Use your answers to Part e to decide whether the events A and F are 

independent. Be sure to show any calculation that leads to your 
answer.
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Conditional Probability and 
Independent Events

DIANE’S e-BOOKS

Use after Activity 42
Embedded Assessment 2

 3. Books are classified as fiction or nonfiction, and Company A offers its 
books as either e-Books or printed books. When Diane goes to Company 
A’s website, the probability that she will choose a work of fiction is 0.6. If 
she chooses a work of fiction, the probability that she will buy it as an 
e-Book is 0.8. If she chooses a book that is nonfiction, then the 
probability that she will buy it as an e-Book is 0.3.
 a. Write the relevant probabilities next to the six branches on the tree 

diagram.

e-Book

Printed book

Fiction

e-Book

Printed book

Nonfiction

 b. When Diane goes to Company A’s website, what is the probability 
that she will buy a work of fiction as a printed book?

 c. When Diane goes to Company A’s website, what is the probability 
that she will buy an e-Book?
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Conditional Probability and 
Independent Events 
DIANE’S e-BOOKS

Embedded Assessment 2
Use after Activity 42

 4. Company B has a very large number of books on its website, and 42% of 
the books are available as e-Books. Diane will select two books at 
random from Company B’s website.
 a. Consider the event that the first book Diane selects is available as an 

e-Book and the event that the second book Diane selects is available 
as an e-Book. Explain in words how you know that these two events 
are independent.

 b. Find each probability. Write your answer as a percent to the nearest 
tenth of a percent.

 i. Both books are available as e-Books.
 ii. Neither book is available as an e-Book.
 iii. Exactly one of the two books is available as an e-Book.
 5. Diane belongs to a book club. The club has just read their 10th novel 

and are planning a party to celebrate. Diane decides to make a copy of 
the front cover of one of the detective novels to use as a dartboard. The 
trim size of the cover is 5 1

2
 by 8 1

2
. On the cover is a moon with a 2 1

2
 in. 

diameter. Estimate the probability that a club member will hit the moon 
on the dartboard.

 6. Twenty of the hardcover books in Diane’s collection are either detective 
novels or romance novels. Twelve are detective novels. How many 
permutations are possible for these two categories of hardcover books? 
Explain.

 7. From her collection, Diane will choose, without looking, three 
hardcover detective novels to read during a school break. How many 
combinations of the three books are possible? Explain.
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Conditional Probability and 
Independent Events

DIANE’S e-BOOKS

Use after Activity 42
Embedded Assessment 2

Scoring 
Guide

Exemplary Proficient Emerging Incomplete

The solution demonstrates these characteristics:

Mathematics 
Knowledge and 
Thinking
(Items 1, 2, 3, 4, 5, 6, 7)

• Clear and accurate 
understanding of 
determining probabilities 
using a table of values, a 
Venn diagram, a tree 
diagram, or area of plane 
figures

• Clear and accurate 
understanding of 
independent events

• Clear and accurate 
understanding of 
permutations and 
combinations

• A functional understanding 
of determining probabilities 
using a table of values, a 
Venn diagram, a tree 
diagram, or area of plane 
figures

• A functional understanding 
of independent events

• A functional understanding 
of permutations and 
combinations

• Partial understanding of 
determining probabilities 
using a table of values, a 
Venn diagram, a tree 
diagram, or area of plane 
figures

• Partial understanding of 
independent events

• Partial understanding of 
permutations and 
combinations

• Little or no understanding 
of determining probabilities 
using a table of values, a 
Venn diagram, a tree 
diagram, or area of plane 
figures

• Little or no understanding 
of independent events

• Little or no understanding 
of permutations and 
combinations

Problem Solving
(Items 1a, 2b-f, 3bc, 4b, 
5, 6, 7)

• An appropriate and efficient 
strategy that results in 
correct answers

• A strategy that results in 
mostly correct answers

• A strategy that results in 
some correct answers

• No clear strategy when 
solving problems

Mathematical 
Modeling / 
Representations
(Items 2a, 3a)

• Clear and accurate 
understanding of using 
probabilities to create a 
Venn diagram

• Clear and accurate 
understanding of using 
probabilities to complete a 
tree diagram

• Mostly accurate 
understanding of using 
probabilities to create a 
Venn diagram

• Mostly accurate 
understanding of using 
probabilities to complete a 
tree diagram

• Partial understanding of 
using probabilities to create 
a Venn diagram

• Partial understanding of 
using probabilities to 
complete a tree diagram

• Little or no understanding 
of using probabilities to 
create a Venn diagram

• Little or no understanding 
of using probabilities to 
complete a tree diagram

Reasoning and 
Communication
(Items 1b, 2g, 4a, 6, 7)

• Precise use of appropriate 
mathematics and language 
to explain why or why not 
the events are independent

• Precise use of appropriate 
mathematics and language 
to explain the number of 
permutations or 
combinations possible for a 
given event

• Mostly correct use of 
appropriate mathematics 
and language to explain 
why or why not the events 
are independent

• Mostly correct use of 
appropriate mathematics 
and language to explain the 
number of permutations or 
combinations possible for a 
given event

• Misleading or confusing use 
of appropriate mathematics 
and language to explain 
why or why not the events 
are independent

• Misleading or confusing use 
of appropriate mathematics 
and language to explain the 
number of permutations or 
combinations possible for a 
given event

• Incomplete or inaccurate 
use of appropriate 
mathematics and language 
to explain why or why not 
the events are independent

• Incomplete or inaccurate 
use of appropriate 
mathematics and language 
to explain the number of 
permutations or 
combinations possible for a 
given event
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