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Permutations and Combinations:

With respect to permutations and combinations, permutations 
are ordered groups while combinations are unordered groups. 
Order matters in permutations; order does not matter in 
combinations. For example, AB and BA are considered different 
outcomes in permutations, but they are considered a single 
outcome in combinations. In real-life, examples of permutations 
include telephone numbers, license plates, electronic codes, 
and passwords. Examples of combinations include selection 
of members for a team or lottery tickets. In the case of lottery 
tickets, for instance, the order of numbers does not matter; we 
just need to get all the numbers, usually six of them.

As a practitioner’s rule, the words “arrangements” or “possibil-
ities” imply permutations; the words “select” or “choose” imply 
combinations.

Factorials:

Factorial means that we engage multiplication such that:

Example: 4! = 4 × 3 × 2 × 1

Example: 7! = 7 × 6 × 5 × 4 × 3 × 2 × 1

Zero factorial equals one and one factorial also equals one:

Example: 0! = 1

Example: 1! = 1

Coins, Dice, Marbles, and Cards:

Problems in this guidebook include reference to coins, dice, 
marbles, and cards. For clarification purposes: The two sides 
of a coin are heads and tails. A die has six sides numbered 
from 1 to 6, with each having an equal likelihood of appearing 
subsequent to being tossed. The word “die” is singular; “dice” is 
plural. Marbles are assumed to be of a single, solid color. A deck 
of cards contains 52 cards divided equally into four suits — clubs, 
diamonds, hearts, and spades — where each suit contains 13 
cards including ace, king, queen, jack, 10, 9, 8, 7, 6, 5, 4, 3, and 2.
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Probability

1. Four Aces

Which of the following represents the probability of 
selecting four cards at random from a deck of cards and 
getting four aces? (The cards are to be selected one after 
the other without replacing any of the cards.)

A) 
 

1

52
×

1

52
×

1

52
×

1

52

B) 
 

1

52
×

1

51
×

1

50
×

1

49

C) 
 

4

52
×

3

51
×

2

50
×

1

49

D) 
 

4

52
×

3

52
×

2

52
×

1

52

E) 
 

4

52
×

4

52
×

4

52
×

4

52

2. Orange & Blue

There are 5 marbles in a bag — 2 are orange and 3 are 
blue. If two marbles are pulled from the bag, what is the 
probability that the first will be orange and the second 
will be blue?

A) 
 

6

25    B) 
 

3

10    C) 
 

2

5    D) 
 

3

5    E) 
 

7

10
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3. Orange & Blue Again

There are 5 marbles in a bag — 2 are orange and 3 are 
blue. If two marbles are pulled from the bag, what is the 
probability that at least one will be orange?

A) 
 

6

25    B) 
 

3

10    C) 
 

2

5    D) 
 

3

5    E) 
 

7

10

4. Exam Time

A student is to take her final exams in two subjects. The 

probability that she will pass the first subject is 
 
3
4

 and 

the probability that she will pass the second subject is 
 
2
3

. 

What is the probability that she will pass one exam or the 
other exam?

A) 
 

5

12    B) 
 

1

2    C) 
 

7

12    D) 
 

5

7     E) 
 

11

12

5. Sixth Sense

What is the probability of rolling a six on either the first 
or second toss of a dice?

A) 
 

1

36    B) 
 

5

18    C) 
 

1

6    D) 
 

11

36    E) 
 

1

3
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6. Exam Time Encore

A student is to take her final exams in three subjects. The 

probability that she will pass the first subject is 
 
3
4

, the 

probability that she will pass the second subject is 
 
2
3

, and 

the probability that she will pass the third subject is 
 
1
2

.  

What is the probability that she will pass at least one of 
these three exams? (Or: What is the probability that she 
will pass either the first exam or the second exam or the 
third exam?)

A) 
 

1

4    B) 
 

11

24    C) 
 

17

24    D) 
 

3

4    E) 
 

23

24

Enumerations

7. Hiring

A company seeks to hire a sales manager, a shipping 
clerk, and a receptionist. The company has narrowed its 
candidate search and plans to interview all remaining 
candidates including 7 persons for the position of sales 
manager, 4 persons for the position of shipping clerk, and 
10 persons for the position of receptionist. How many 
different hirings of these three people are possible?

A)  7 × 4 × 10

B)  7 + 4 + 10

C)  21 × 20 × 19

D)  7! + 4 ! + 10!

E)  7! × 4 ! × 10!
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Answers and Explanations

1. Four Aces

Choice C
Overview: This problem presents a classic application of the 
General Multiplication Rule of probability. Selecting a card 
“without replacement” affects or influences the probability of the 
next card being chosen because the first card is missing from 
the deck. Selecting a card “with replacement” does not affect or 
influence the probability of the next card being chosen because 
replacing a given card restores the deck to its prior state.

On the first pick, there is a 
 

4

52
 chance of selecting an ace. On 

our second pick, there is a 
 

3

51
 chance of selecting an ace because 

there is one fewer ace to choose from and one fewer card in the 

deck. On the third pick, there is a 
 

2

50
 chance of selecting an ace 

because there is one fewer ace to choose from and one fewer 

card in the deck. Finally, there is a 
 

1

49
 chance of selecting an 

ace because there is only one ace to choose from with exactly 49 

cards left in the deck.

For the record, answer choice E would have been the correct 
answer if we had selected our four aces with replacement. 
Such would be the case if the problem had asked: “What is the 
probability of selected four aces in a row if we replace each card 
before selecting the next one?” Choice A would be the correct 
answer if we were to choose any single card with replacement. 
For example: “What is the probability of selecting the ace of 
spades four times in a row from a random deck of cards, if we 
replace that card in the deck after selecting it?” Choice B would 
have been the correct answer if we had to select these four aces 
in a specific order and had done so without replacing each card. 
Such would be the case if the problem had asked: “What is the 
probability of selecting the ace of spades, followed by the ace of 
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hearts, followed by the ace of clubs, and followed by the ace of 
diamonds, if we do not replace each card after selecting it?”

NOTE  There are two sets of terms that are key to understanding 
how to distinguish among basic probability problems. The 
first set of terms is “mutually exclusive” and “not mutually 
exclusive.” The second set of terms is “independent” and “not 
independent (dependent).” Mutually exclusive means that two 
events or outcomes do not overlap with one another or cannot 
occur at the same time. Not mutually exclusive means that two 
events or outcomes do overlap with one another or can occur at 
the same time. Independent means that two events or outcomes 
do not influence one another and occur randomly relative to each 
other. Not independent (or dependent) means that two events or 
outcomes influence one another and that the occurrence of one 
event has an affect on the occurrence of another event.

Here are some simple real-life examples to illuminate these 
terms. Say we are putting on a business conference and inviting 
attendees as well as guest speakers. The assignment of VIP 
seating and non-VIP seating is a mutually exclusive outcome. 
Either a person is in the VIP seats or he or she is not. The 
same holds true for determining who is an in-state versus out-
of-state attendee. An attendee is either in-state or out-of-state 
with no overlap possible. However, in classifying attendees by 
profession, we might have overlap between who is a manager 
and who is an engineer and who is a salesperson and who is 
an entrepreneur. Obviously, some attendees might fall into more 
than one category. These categories would, therefore, not be 
mutually exclusive.

Two tasks might be independent and have no influence on one 
another. For example, in preparing for the conference, it wouldn’t 
make any difference whether we made name tags first and then 
made copies of the conference handouts or made copies of the 
conference handouts and then made name tags. These events 
represent separate tasks that have no bearing on one another. On 
the other hand, two tasks may not be independent of one another; 
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they may, in fact, be dependent on one another. This is true of 
events that must occur in a certain sequence. In preparing for 
the conference, we must plan the conference first before inviting 
speakers to speak at the conference. Likewise, attendees must be 
registered for the conference, before they can be admitted to the 
conference and before they ever fill out conference evaluation 
forms, which are handed out at the end of the conference. In 
other words, the filling out of a conference evaluation form is 
dependent upon a person actually attending the conference, 
which, in turn, is dependent upon a person having first registered 
for the conference.

2. Orange & Blue

Choice B
Overview: This problem is solved using the General Multiplication 
Rule. The use of the word “and” in this problem is a signal that 
we need to multiply probabilities, not add probabilities. The 
probability of choosing the first orange marble will influence 
the probability of choosing the first blue marble because there 
will be one fewer marble to choose from (selection without 
replacement).

The probability of first choosing an orange marble is 
 

2

5
. The 

probability of then choosing a blue marble is 
 

3

4
.

 

2

5
×

3

4
=

6

20
=

3

10

Note that the trap answer, choice A, involves forgetting to subtract 
one marble from the denominator of the second fraction:

 

2

5
×

3

5
=

6

25
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3. Orange & Blue Again

Choice E
Overview: This problem introduces the Complement Rule of 
probability. See probability formula #6 (page 16).

The simplest way to view this problem is in terms of what we 
don’t want. At least one orange marble means that we want 
anything but two blue marbles.

Probability of getting two blue marbles:

 

3

5
×

2

4
=

6

20
=

3

10

Therefore, the probability of getting at least one orange marble 
is the same as one minus the probability of getting two blue 
marbles.

  P(A) = 1 − P(not A)

 
1 −

3

10
=

7

10

Another way to solve this problem is using the direct method, 
which entails writing out all possibilities and adding up the 
results that we are looking for. There are four possible outcomes 
when we choose two marbles at random. Three of these outcomes 
yield at least one orange marble:
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Orange, Blue: 
 

2

5
×

3

4
=

6

20

Blue, Orange: 
 

3

5
×

2

4
=

6

20

Orange, Orange: 
 

2

5
×

1

4
=

2

20

Blue, Blue:  
 

3

5
×

2

4
=

6

20

Note that the total of all of the above possibilities equals 1 

(that is, 
 

6

20
+

6

20
+

2

20
+

6

20
=

20

20
= 1 ) because there are no other 

possibilities other than the four outcomes presented here.

4. Exam Time

Choice E
Overview: The use of the word “or” in this problem (that is, “pass 
one exam or the other exam”) is a signal that probabilities are 
to be added, not multiplied. The probability of two non-mutually 
exclusive events A or B is calculated by adding the probability of 
the first event to the second event and then subtracting out the 
overlap between the two events. This is referred to in probability as 
the General Addition Rule. See probability formula #5 (page 15).

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

 

9

12
+

8

12
−

6

12
=

11

12

Here, the probability of passing the first exam is added to the 
probability of passing the second exam, less the probability of 
passing both exams. The probability of passing both exams 

is calculated as follows: 
 
3
4
× 2

3
= 6

12
= 1

2
. If we don’t make this 

subtraction, we will double count the possibility that she will pass 
both exams.

 

14

20
⇒

7

10
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Basic Probability Formulas

Here at a glance are the basic probability, permutation, and 
combination formulas used in this material.

Universal Formula

 
Probability =

Selected Events(s)

Total Number of Possibilities

Example: You buy 3 raffle tickets and there are 10,000 
tickets sold. What is the probability of 
winning the single prize?

 
Probability =

3

10,000

Special Multiplication Rule

  P(A and B) = P(A) × P(B)

[Where the probability of A and B equals the probability of 
A times the probability of B]

If events are independent (that is, one event has no influence 
on the other), we simply multiply them together.

Example: What is the probability of tossing a coin twice 
and obtaining heads on both the first and 
second toss?

 

1

2
×

1

2
=

1

4

#1

#2
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Overview

This material covers three main topics: probability, permutations, 
and combinations. What is the difference between probability 
and permutations and combinations? Probabilities are expressed 
as decimals or fractions between 0 and 1 (where 1 is the 
probability of certainty and 0 is the probability of impossibility) 
or, alternatively, as percentages between 0% and 100% (where 
100% is the probability of certainty and 0% is the probability of 
impossibility). Permutations and combinations, on the other 
hand, result in outcomes greater than or equal to 1. Frequently 
they result in quite large outcomes such as 10, 36, 720, etc.

Probability:

In terms of probability, a quick rule of thumb is to determine 
first whether we are dealing with an “and” or “or” situation. 
“And” means multiply and “or” means addition. For example, if 
a problem states “what is the probability of x and y,” we multiply 
individual probabilities together. If a problem states “what is the 
probability of x or y,” we add individual probabilities together.

Moreover, if a probability problem requires us to multiply, we 
must ask one further question: “Are the events independent or 
are the events dependent?” Independent means that two events 
have no influence on one another and we simply multiply 
individual probabilities together to arrive at a final answer. Not 
independent (dependent) means that the occurrence of one event 
has an influence on the occurrence of another event and this 
influence must be taken into account.

Likewise, if a problem requires us to add probabilities, we 
must ask one further question: “Are the events mutually 
exclusive or non-mutually exclusive?” Mutually exclusive means 
that two events cannot occur at the same time and there is no 
“overlap” present. If two events have no overlap, we simply add 
probabilities. Not mutually exclusive means that two events can 
occur at the same time and that overlap is present. If two events 
do contain overlap, this overlap must not be double counted.
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Introduction

This guidebook is compiled with one primary goal in mind: To 
help readers master basic probability in the shortest possible 
time frame.

Achieving this goal requires two steps. The first step is to develop 
a superior conceptual framework for understanding probability. 
The overview section at the beginning of this material contains 
two strategic flowcharts — one for probability and one for 
permutations and combinations — the two main topics under 
review. Included is a summary of all 14 essential formulas, each 
accompanied by a relevant example. The second step is to practice 
on a small number of the most classic, thematic problems that 
represent the broader types of probability problems that may be 
found elsewhere.

Mastering the thinking skills to succeed in basic probability 
requires an ability to match a given problem with the correct 
formula. In order to properly categorize a problem, it is necessary 
to understand the often confusing terminology that surrounds 
probability and its related topics. For example, what does it 
mean to say that two events are independent or that they are 
not mutually exclusive? Once we are confident that we can sort 
problems into their common types, we can then judge whether 
a particular problem is a variation based on a classic problem 
type and/or whether it contains common traps that are otherwise 
easy to overlook. Special notes (marked NOTE ) are imbedded 
throughout this material. Here the reader will find additional 
information, examples, or follow-up problems that will no doubt 
prove useful.

This guidebook provides a complement to The Little Green Math 
Book, which addresses basic but tricky math involving arithmetic 
and algebra. Probability is a subject that warrants special 
attention and this book serves a stand-alone workshop.

Let’s get started.
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