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Math 160 Professor Busken
Chapter 5 Worksheets Name:


1. Find the expected value. Suppose you play a “Pick 4 Lotto”
where you pay 50 to select a sequence of four digits, such as 2118.
If you select the same sequence of digits that are drawn, you win and
collect $2000.


(a) How many different selections are possible?


(b) What is the probability of winning?


(c) If you win, what is your net profit?


(d) Find the expected value.


2. Assume that there is a 0.15 probability that a basketball playoff series
will last four games, a 0.30 probability that it will last five games, a
0.25 probability that it will last six games, and a 0.30 probability that
it will last seven games. Is it unusual for a team to win a series in 5
games?


3. The maximum patent life for a new drug is 17 years. Subtracting
the length of time required by the FDA for testing and approval of the
drug provides the actual patent life of the drug—that is, the length of
time that a company has to recover research and development costs
and make a profit. Suppose the distribution of the lengths of patent
life for new drugs is as shown here:


Years, x 3 4 5 6 7 8 9 10 11 12 13


p(x) .03 .05 .07 .10 .14 .20 .18 .12 .07 .03 .01


(a) Find the expected number of years of patent life for a new drug.


(b) Find the standard deviation of the probability distribution.


(c) Use the Range Rule of Thumb to identify the range of values
associated with usual patent life lengths.







Definition 1. A Random Experiment is an experiment, trial, pro-
cedure or observation that can be repeated numerous times under the same
conditions. The outcome of an individual random experiment must in no
way be affected by any previous outcome and cannot be predicted with cer-
tainty.


Accompanying this experiment is


1. a sample space (all possible outcomes of the experiment),


2. a probability (assigned to each outcome in the experiment)


3. a random variable, and


4. a probability distribution.


Definition 2. A variable x is a Random Variable if the numerical
value that it assumes, corresponding to an outcome of an experiment, is a
chance or random event.


Definition 3. A Probability Distribution lists the probabilities as-
sociated with each possible outcome in the sample space for a procedure,
trial or random experiment. A probability distribution can be written as a
table, formula, or graph (called a probability histogram).


The main topic of Chapter 5 is the study of Discrete Probability Distri-
butions —which are tables of probabilities associated with random vari-
ables that take on discrete (or integer) values.


Many probability distributions are so important in theory or applications
that they have been given specific names (see wikipedia topic: list of
probability distributions). One specific Discrete Probability Distribution
from this list is called the Binomial Distribution, the topic of Section
5.3. The binomial distribution is the probability distribution that results
from doing a “binomial experiment.”







Definition 4. Binomial experiments have the following properties:


1. The procedure has a fixed number of trials.


2. The trials must be independent. (The outcome of any individual trial
doesnt affect the probabilities in the other trials.)


3. Each trial must have only two possible outcomes (commonly referred
to as success1 and failure).


4. The probability of a success remains the same in all trials.


Notation for Binomial Probability Distributions:


S and F (success and failure) denote the two possible categories of all
outcomes; p and q will denote the probabilities of S and F , respectively.


P (S) = p (p =probability of success)
P (F ) = 1 − p = q (q =probability of failure)
n denotes the fixed number of trials.
x denotes a specific number of successes in n trials,


so x can be any whole number between 0 and n,
inclusive.


p denotes the probability of success in one of the n
trials.


q denotes the probability of failure in one of the n


trials.
P (x) denotes the probability of getting exactly x succ-


esses among the n trials.


The Binomial Probability Formula


P (x) =
(
nCx


)
· px · qn−x


for x = 0, 1, 2, ..., n, and recall that nCx =
n!


(n− x)! · x!
.


Example : Assume that a procedure yields a binomial distribution with
a trial repeated n = 4 times. Use the binomial probability formula to find
the probability of x = 3 successes given the probability of success on a
single trial is p = 1


5 . Round to three decimal places.







For questions, 4—7, determine whether the given procedure re-
sults in a binomial distribution. If not, state the reason why.


4. Rolling a single die 37 times, keeping track of the numbers that are
rolled.


5. Rolling a single die 19 times, keeping track of the ”fives” rolled.


6. Choosing 5 people (without replacement) from a group of 64 people,
of which 15 are women, keeping track of the number of men chosen.


7. Choosing 7 marbles from a box of 40 marbles (20 purple, 12 red,
and 8 green) one at a time without replacement, keeping track of the
number of red marbles chosen.


8. A multiple choice test has 10 questions each of which has 5 possible
answers, only one of which is correct. If Judy, who forgot to study for
the test, guesses on all questions, what is the probability that she will
answer exactly 3 questions correctly?


9. The brand name of a certain chain of coffee shops has a 55% recog-
nition rate at Grossmont College. An executive from the company
wants to verify the recognition rate as the company is interested in
opening a coffee shop on the college. She selects a random sample of
10 Grossmont College students. Find the probability that the number
that recognize the brand name is not 4.


10. A test consists of 10 true/false questions. To pass the test a student
must answer at least 6 questions correctly. If a student guesses on each
question, what is the probability that the student will pass the test?


11. In a study, 42% of adults questioned reported that their health was
excellent. A researcher wishes to study the health of people living close
to a nuclear power plant. Among 11 adults randomly selected from
this area, only 3 reported that their health was excellent. Find the
probability that when 11 adults are randomly selected, 3 or fewer are
in excellent health.


12. An airline estimates that 9.95% of people who book a flight do not
actually show up. If the airline books 24 people for a flight on which
there is 22 seats, what is the probability that the number of people
who show up will exceed the capacity of the plane? Is this probability
low enough so that overbooking is not a real concern?







Binomial Experiment


People with type O-negative blood are said to be “universal donors.”
About 7% of the U.S. population has this blood type. Suppose that 50
people show up at a blood drive. Let x =the number of universal donors
among a random group of 50 people.


n This is the number of trials. For this example, n = 50 (the number
of blood donors).


p This is the “success” probability. For this example, p = 0.07 (the
probability that a randomly selected American has type O-negative
blood). Note that p must be in decimal form.


x This is the number of “successes,” or type-O negative donors


13. Find the probability that exactly none are type-O negative donors.


14. Find the probability that not 5 are type-O negative donors.


15. Find the probability that at least 5 people are type-O negative.


16. Find the probability that at most 5 people are type-O negative.


Find the probability that the number of type-O negative donors
who show up:


17. will not exceed 3.


18. must exceed 3.


19. is less than 3.


20. is more than 3.


21. is between 2 and 5, inclusive.


22. is between 2 and 5.


23. is a minimum of 5.


24. is a maximum of 5.


25. is no more than 5.


26. is no less than 5.












Math 160 - Quiz 6
Name___________________________________
Due   Thursday, March 21st


SHORT ANSWER.  Write the word or phrase that best completes each statement or answers the question.


Determine whether the following is a probability distribution. If not, identify the requirement that is not satisfied.
1)


 x  P(x)
0 0.079
1 0.173
2 -0.030
3 0.170
4 0.075
5 0.533


1)


2) A police department reports that the probabilities that 0, 1, 2, 3, and 4 car thefts will be
reported in a given day are 0.135, 0.271, 0.271, 0.180, and 0.090, respectively.


2)


MULTIPLE CHOICE.  Choose the one alternative that best completes the statement or answers the question.


Find the mean of the given probability distribution.
3) The number of golf balls ordered by customers of a pro shop has the following probability


distribution.
  x  P(x)
3 0.14
6 0.25
9 0.36
12 0.15
15 0.10


3)


A) µ = 5.79 B) µ = 8.46 C) µ = 9.06 D) µ = 9


Provide an appropriate response. Round to the nearest hundredth.
4) Find the standard deviation for the given probability distribution.


  x  P(x)
0 0.12
1 0.17
2 0.09
3 0.28
4 0.34


4)


A) = 1.99 B) = 2.91 C) = 1.41 D) = 1.45


Answer the question.
5) Assume that there is a 0.05 probability that a sports playoff series will last four games, a 0.45


probability that it will last five games, a 0.45 probability that it will last six games, and a 0.05
probability that it will last seven games.  Is it unusual for a team to win a series in 4 games?


5)


A) Yes B) No


1







6) Suppose that computer literacy among people ages 40 and older is being studied and that the
accompanying tables describes the probability distribution for four randomly selected people,
where x is the number that are computer literate.  Is it unusual to find four computer literates
among four randomly selected people?


 x   P(x)
0 0.16
1 0.25
2 0.36
3 0.15
4 0.08


6)


A) Yes B) No


Assume that a researcher randomly selects 14 newborn babies and counts the number of girls selected, x. The
probabilities corresponding to the 14 possible values of x are summarized in the given table. Answer the question
using the table.


Probabilities of Girls
x(girls)   P(x) x(girls)   P(x) x(girls)   P(x)


0 0.000 5 0.122 10 0.061
1 0.001 6 0.183 11 0.022
2 0.006 7 0.209 12 0.006
3 0.022 8 0.183 13 0.001
4 0.061 9 0.122 14 0.000


7) Find the probability of selecting exactly 8 girls. 7)
A) 0.000 B) 0.183 C) 0.122 D) 0.022


8) Find the probability of selecting 9 or more girls. 8)
A) 0.122 B) 0.001 C) 0.212 D) 0.061


9) Find the probability of selecting exactly 4 girls. 9)
A) 0.122 B) 0.001 C) 0.061 D) 0.022


10) Find the probability of selecting 12 or more girls. 10)
A) 0.006 B) 0.022 C) 0.007 D) 0.001


Provide an appropriate response.
11) In a game, you have a 1/27 probability of winning $100 and a 26/27 probability of losing $4.


What is your expected value?
11)


A) -$0.15 B) $7.56 C) $3.70 D) -$3.85


12) A 28-year-old man pays $200 for a one-year life insurance policy with coverage of $120,000. If
the probability that he will live through the year is 0.9994, what is the expected value for the
insurance policy?


12)


A) -$128.00 B) $72.00 C) -$199.88 D) $119,928.00


2







Determine whether the given procedure results in a binomial distribution. If not, state the reason why.
13) Choosing 6 marbles from a box of 40 marbles (20 purple, 12 red, and 8 green) one at a time


with replacement, keeping track of the number of red marbles chosen.
13)


A) Not binomial: there are more than two outcomes for each trial.
B) Procedure results in a binomial distribution.
C) Not binomial: the trials are not independent.
D) Not binomial: there are too many trials.


Assume that a procedure yields a binomial distribution with a trial repeated n times. Use the binomial probability
formula to find the probability of x successes given the probability p of success on a single trial. Round to three
decimal places.


14) n = 5, x = 2, p = 0.70 14)
A) 0.198 B) 0.132 C) 0.700 D) 0.464


15) n = 14, x = 3 , p = 0.5 15)
A) 0.022 B) 0.029 C) 0.033 D) 0.125


Find the indicated probability. Round to three decimal places.
16) The participants in a television quiz show are picked from a large pool of applicants with


approximately equal numbers of men and women. Among the last 11 participants there have
been only 2 women. If participants are picked randomly, what is the probability of getting 2 or
fewer women when 11 people are picked?


16)


A) 0.006 B) 0.033 C) 0.032 D) 0.027


3








Math 160 Professor Busken
Binomial Experiment Example Name:


1. A multiple choice test has 5 questions each of which has 5 possible answers, only
one of which is correct. If Judy, who forgot to study for the test, guesses on all
questions, what is the probability that she will answer exactly 2 questions correctly?


Solution: The distribution of probabilities for the situation follows the Binomial
Distribution, since the following is true.


X There are n = 5 trials (questions being answered).


X The trials are independent. The outcome from answering one question doesn’t affect
the probabilities associated with answering the other questions.


X Each trial (answering a question) has only two possible outcomes, with success being
categorized as a correct answer.


X The probability for a success, p =
1


5
= 0.2, remains the same in all 10 trials.


We want to find x = 2 success from n = 5 trials with p = 0.2 and q = 1− p = 0.8. Using
the binomial formula, the probability of 2 success is


P (x = 2) =
(
nC2


)
· p2 · qn−2


=
(
5C2


)
· (0.2)2 · (0.8)3


= 10 · (0.2)2 · (0.8)3


= 0.2048


Rationale for Using the Binomial Formula


There are 5C2 = 10 different ways to get two answers correct from five questions. The
sample space for the binomial experiment contains pairs of numbers corresponding to
which two questions Judy gets correct.


Sample Space


#1, #2 #2, #3 #3, #4 #4, #5
#1, #3 #2, #4 #3, #4
#1, #4 #2, #5
#1, #5


The probability is the same for any one of the pairs to occur and is equal to (0.2)2·(0.8)3 =
0.02048. For example, P (only questions #1 and #2 are correct) =


= P (#1 is correct AND #2 is correct AND #3 is wrong AND #4 is wrong AND #5 is wrong)


(Now use the Multiplication Rule for Independent Events.)


= P (#1 is correct) · P (#2 is correct) · P (#3 is wrong) · P (#4 is wrong) · P (#5 is wrong)


= 0.2 · 0.2 · 0.8 · 0.8 · 0.8


= (0.2)2 · (0.8)3 = 0.02048







Then P (exactly 2 successes) =


= P


( (
#1 AND #2 is correct


)
OR


(
#1 AND #3 is correct


)
OR . . .


(
#1 AND #4 is correct


)
OR


(
#1 AND #5 is correct


)
OR . . .(


#2 AND #3 is correct


)
OR


(
#2 AND #4 is correct


)
OR . . .(


#2 AND #5 is correct


)
OR


(
#3 AND #4 is correct


)
OR . . .


(
#3 AND #5 is correct


)
OR


(
#4 AND #5 is correct


) )


= P
(


#1 AND #2 is correct


)
+ P


(
#1 AND #3 is correct


)
+ . . .


P
(


#1 AND #4 is correct


)
+ P


(
#1 AND #5 is correct


)
+ . . .


P
(


#2 AND #3 is correct


)
+ P


(
#2 AND #4 is correct


)
+ . . .


P
(


#2 AND #5 is correct


)
+ P


(
#3 AND #4 is correct


)
+ . . .


P
(


#3 AND #5 is correct


)
+ P


(
#4 AND #5 is correct


)
= (0.2)2 · (0.8)3 + (0.2)2 · (0.8)3 + . . .


(0.2)2 · (0.8)3 + (0.2)2 · (0.8)3 + . . .


(0.2)2 · (0.8)3 + (0.2)2 · (0.8)3 + . . .


(0.2)2 · (0.8)3 + (0.2)2 · (0.8)3 + . . .


(0.2)2 · (0.8)3 + (0.2)2 · (0.8)3


= 10 · (0.2)2 · (0.8)3


=
(
5C2


)
· (0.2)2 · (0.8)3


=
(
nCx


)
· px · qn−x








Chapter 5


Tim Busken


Binomial
Experiments


Example: Assume that a procedure yields a binomial probability distribution with a trial repeated
n = 6 times. Suppose the probability of success on a single trial is p = 0.40. Then, the probability
distribution can be described with the Binomial Formula, a table or a probability histogram.


P(x) =
(


nCx
)


·px
·qn−x


=
(


6Cx
)


· (0.4)x
· (0.6)6−x


x P(x)
0 0.047
1 0.187
2 0.311
3 0.276
4 0.138
5 0.037
6 0.004


0.2


0.4


0 1 2 3 4 5 6−1 x


P(x)


0.
04


7 0.
18


7 0.
31


1


0.
27


6


0.
13


8


0.
03


7


0.
00


4


1 Use the binomial probability formula to find the probability of exactly x = 3 successes.


2 Find the probability of at least x = 3 successes.


3 Find the probability of at most x = 3 successes.


4 Use the binomial table in Appendix A1 of the textbook to find the probability of x = 3 successes.


5 Calculator: Use binompdf(n,p) to place the distribution table in L1 and L2.


6 Calculator: Use binompdf(n,p,x) to find the probability of x = 3 successes.


7 Calculator: Use binomcdf(n,p,x) to find the probability of at least x = 3 successes.


8 Calculator: Use binomcdf(n,p,x) to find the probability of at most x = 3 successes.
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Definition

A Random Experiment is an experiment, trial, procedure or observation that
can be repeated numerous times under the same conditions. The outcome of an
individual random experiment must in no way be affected by any previous outcome
and cannot be predicted with certainty.
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Definition

A Random Experiment is an experiment, trial, procedure or observation that
can be repeated numerous times under the same conditions. The outcome of an
individual random experiment must in no way be affected by any previous outcome
and cannot be predicted with certainty.

Accompanying this experiment is

1 a sample space (all possible outcomes of the experiment),

2 a probability (assigned to each outcome in the experiment)

3 a random variable, and

4 a probability distribution.
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cExperiment: Toss a single die

x Probability, P(x)
1 0.1667
2 0.1667
3 0.1667
4 0.1667
5 0.1667
6 0.1667

Definition

A variable x is a Random Variable if the numerical value that it assumes,
corresponding to an outcome of an experiment, is a chance or random event.
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cExperiment: Toss a single die

x Probability, P(x)
1 0.1667
2 0.1667
3 0.1667
4 0.1667
5 0.1667
6 0.1667

Definition

A variable x is a Random Variable if the numerical value that it assumes,
corresponding to an outcome of an experiment, is a chance or random event.

A Probability Distribution lists the probabilities associated with each possible
outcome in the sample space for a procedure, trial or random experiment. A prob-
ability distribution can be written as a table, formula, or graph (called a probability
histogram).
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Random Variables

Discrete
Chapter 5

Continuous
Chapter 6
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Know the difference between discrete and continuous RVs.
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Definition ( Discrete random variable )
either a finite number of values or countable number of values, where countable refers to
the fact that there might be infinitely many values, but they result from a counting process

Definition ( Continuous random variable )
infinitely many values, and those values can be associated with measurements on a
continuous scale without gaps or interruptions

helpful hint

http://www.stat.yale.edu/Courses/1997-98/101/ranvar.htm
Example
If the random variable can take on values that have gaps between them, then the rv is a discrete rv 

http://timbusken.com/
http://www.wikihow.com/Draw-an-Impossible-Cube
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Random Variables

Begin Quiz Identify the given random variable as being discrete or
continuous.

1. The number of snow storms occurring off the eastern coast of the U.S.

(a) Discrete (b) Continuous

2. The height of an ocean’s tide at your favorite beach.

(a) Discrete (b) Continuous

3. The length of a king salmon

(a) Discrete (b) Continuous

4. The braking time of a car

(a) Discrete (b) Continuous

End Quiz
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Random Variables

Begin Quiz Identify the given random variable as being discrete or
continuous.

1. The number of phone calls made during the election on behalf of special
interests.

(a) Discrete (b) Continuous

2. The number of gallons of milk produced by a single cow.

(a) Discrete (b) Continuous

3. The number of students present at graduation.

(a) Discrete (b) Continuous

4. The number of aircraft near-collisions in a year

(a) Discrete (b) Continuous

End Quiz
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Discrete Probability Distributions

Example: As the owner of successful small business, you cannot afford to
take a sick day. Suppose the random variable x represents the number of
$1000 units you sell in a day. Additionally, suppose that based on years of
company records, the probability distribution is summarized in the table (right).

x P(x)
0 0.191
1 0.314
2 0.363
3 0.123
4 0.009
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Discrete Probability Distributions

Example: As the owner of successful small business, you cannot afford to
take a sick day. Suppose the random variable x represents the number of
$1000 units you sell in a day. Additionally, suppose that based on years of
company records, the probability distribution is summarized in the table (right).

Does this fit the requirements for a
probability distribution?

x P(x)
0 0.191
1 0.314
2 0.363
3 0.123
4 0.009
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Discrete Probability Distributions

Example: As the owner of successful small business, you cannot afford to
take a sick day. Suppose the random variable x represents the number of
$1000 units you sell in a day. Additionally, suppose that based on years of
company records, the probability distribution is summarized in the table (right).

Does this fit the requirements for a
probability distribution?

x P(x)
0 0.191
1 0.314
2 0.363
3 0.123
4 0.009

Requirements for Probability Distribution

1.)
∑

P(x) = 1 The sum of all the probabilities must be 1, but values such as
0.999 or 1.001 are acceptable because they result from round-
ing errors.

2.) 0 ≤ P(x) ≤ 1 for every each value of x. (i.e., each probability value must be
between 0 and 1 inclusive.)

Rationale
This requirement follows from the fact that the random variable x represents all possible events in the sample space. 

http://timbusken.com/


Chapter 5

Tim Busken

Table of
Contents
Attachments and
Links

5.2 Random
Variables
Random Experiments

Probability
Distributions

Random Variables

Discrete Probability
Distributions

Probability Histogram

Mean, Variance and
Standard Deviation

Identifying Unusual
Results

Expected Value

5.3 The
Binomial
Distribution

5.4 Mean,
Variance, and
Standard
Deviation for
the Binomial
Distribution

Works Cited

Discrete Probability Distributions

Example: As the owner of successful small business, you cannot afford to
take a sick day. Suppose the random variable x represents the number of
$1000 units you sell in a day. Additionally, suppose that based on years of
company records, the probability distribution is summarized in the table (right).

x P(x)
0 0.191
1 0.314
2 0.363
3 0.123
4 0.009

Begin Quiz Identify the correct probability.

1. P(3)

( a ) 0.991 ( b ) 0.363 ( c ) 0.123 ( d ) 0.515

2. The probability you sell at least 2 $1000 units.

( a ) 0.363 ( b ) 0.132 ( c ) 0.495 ( d ) 0.505

3. The probability you sell less than 3 $1000 units.

( a ) 0.868 ( b ) 0.991 ( c ) 0.123 ( d ) 0.515

4. P(x < 2)

( a ) 0.314 ( b ) 0.505 ( c ) 0.363 ( d ) 0.515

5. The probability you sell at least 1 unit.

( a ) 0.314 ( b ) 0.727 ( c ) 0.948 ( d ) 0.809

End Quiz
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Chapter 5

Tim Busken

Table of
Contents
Attachments and
Links

5.2 Random
Variables
Random Experiments

Probability
Distributions

Random Variables

Discrete Probability
Distributions

Probability Histogram

Mean, Variance and
Standard Deviation

Identifying Unusual
Results

Expected Value

5.3 The
Binomial
Distribution

5.4 Mean,
Variance, and
Standard
Deviation for
the Binomial
Distribution

Works Cited

Discrete Probability Distributions

Example: Air America has a policy of routinely
overbooking flights. The random variable x represents the
number of passengers who cannot be boarded because
there are more passengers than seats.

x P(x)
0 0.051
1 0.141
2 0.274
3 0.331
4 0.187
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Discrete Probability Distributions

Example: Air America has a policy of routinely
overbooking flights. The random variable x represents the
number of passengers who cannot be boarded because
there are more passengers than seats.

x P(x)
0 0.051
1 0.141
2 0.274
3 0.331
4 0.187

Quiz Does the given table fit the requirements for a probability distribution?

yes no
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Discrete Probability Distributions
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Discrete Probability Distributions

Example: Air America has a policy of routinely
overbooking flights. The random variable x represents the
number of passengers who cannot be boarded because
there are more passengers than seats.

x P(x)
0 0.051
1 0.141
2 0.274
3 0.331
4 0.187

Quiz Does the given table fit the requirements for a probability distribution?

yes no

The given table does not fit the requirements for a probability distribution
because the sum of the probabilities in the table is not equal to 1.
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Discrete Probability Distributions

Example: Sam’s Used Carpet. The random variable x
represents the number of used carpets sold in a day at
Sam’s store

x P(x)
0 0.258
1 0.143
2 0.774
3 −0.231
4 0.137
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Example: Sam’s Used Carpet. The random variable x
represents the number of used carpets sold in a day at
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x P(x)
0 0.258
1 0.143
2 0.774
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4 0.137

Quiz Does the given table fit the requirements for a probability distribution?

yes no

The given table does not fit the requirements for a probability distribution
because there is a probability (namely −0.231) that is not a value between 0 and
1 inclusive.

�� ��−→
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Example: As the owner of successful small business, you cannot afford to
take a sick day. Suppose the random variable x represents the number of
$1000 units you sell in a day. Additionally, suppose that based on years of
company records, the probability distribution is summarized in the table (right).

x P(x)
0 0.191
1 0.314
2 0.363
3 0.123
4 0.009
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Example: As the owner of successful small business, you cannot afford to
take a sick day. Suppose the random variable x represents the number of
$1000 units you sell in a day. Additionally, suppose that based on years of
company records, the probability distribution is summarized in the table (right).

We can graph the probability distribution
using a probability histogram.

x P(x)
0 0.191
1 0.314
2 0.363
3 0.123
4 0.009
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Example: As the owner of successful small business, you cannot afford to
take a sick day. Suppose the random variable x represents the number of
$1000 units you sell in a day. Additionally, suppose that based on years of
company records, the probability distribution is summarized in the table (right).

We can graph the probability distribution
using a probability histogram.

x P(x)
0 0.191
1 0.314
2 0.363
3 0.123
4 0.009

Notice that it is similar to a relative frequency
histogram, but the vertical scale shows probabilities
instead of relative frequencies based on actual
sample results.

We see the values of 0, 1, 2, 3, 4 along the horizontal
axis are located at the center of the rectangle. This
implies that the rectangles are each 1 unit wide, so
the areas of the rectangles are 0.191, 0.314, 0.363,
0.123, 0.009. The areas of these rectangles are the
same as the probabilities in the table (above).

In later chapters, we will see that the
correspondence between probabilities and area is
hugely useful in statistics.
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Notice that it is similar to a relative frequency
histogram, but the vertical scale shows probabilities
instead of relative frequencies based on actual
sample results.

We see the values of 0, 1, 2, 3, 4 along the horizontal
axis are located at the center of the rectangle. This
implies that the rectangles are each 1 unit wide, so
the areas of the rectangles are 0.191, 0.314, 0.363,
0.123, 0.009. The areas of these rectangles are the
same as the probabilities in the table (above).

In later chapters, we will see that the
correspondence between probabilities and area is
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The five characteristics of data from Chapter 2
can be used to describe probability distributions. A
Probability histogram or table can provide insight
into the distribution of random variables.

The mean is the central value of the
random variable for a procedure re-
peated an infinite number of times. The
variance and standard deviation measure the
variation of the random variable.
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The five characteristics of data from Chapter 2
can be used to describe probability distributions. A
Probability histogram or table can provide insight
into the distribution of random variables.

The mean is the central value of the
random variable for a procedure re-
peated an infinite number of times. The
variance and standard deviation measure the
variation of the random variable.

Measures of Center and Variation for probability distributions

µ =
∑

[x · P(x)] Mean

σ2 =
∑

[(x − µ)2 · P(x)] Variance

σ2 =
∑

[x2 · P(x)] − µ2 Variance (computational shortcut formula)

σ =
√
σ2 =

√∑
[x2 · P(x)] − µ2 Standard Deviation
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Example: As the owner of successful small business, you cannot afford to take a
sick day. Suppose the random variable x represents the number of $1000 units you
sell in a day. Additionally, suppose that based on years of company records, the
probability distribution is summarized in the table (below).

Determine the mean value for the distribution.

x P(x)

x · P(x)

0 0.191

0 · 0.191 = 0

1 0.314

1 · 0.314 = 0.314

2 0.363

2 · 0.363 = 0.726

3 0.123

3 · 0.123 = 0.369

4 0.009

4 · 0.009 = 0.036
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Example: As the owner of successful small business, you cannot afford to take a
sick day. Suppose the random variable x represents the number of $1000 units you
sell in a day. Additionally, suppose that based on years of company records, the
probability distribution is summarized in the table (below).

Determine the mean value for the distribution.

x P(x) x · P(x)
0 0.191 0 · 0.191 = 0
1 0.314 1 · 0.314 = 0.314
2 0.363 2 · 0.363 = 0.726
3 0.123 3 · 0.123 = 0.369
4 0.009 4 · 0.009 = 0.036

�



�
	Multiply straight across. This is called

multiplying the two columns elementwise.
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Example: As the owner of successful small business, you cannot afford to take a
sick day. Suppose the random variable x represents the number of $1000 units you
sell in a day. Additionally, suppose that based on years of company records, the
probability distribution is summarized in the table (below).

Determine the mean value for the distribution.

x P(x) x · P(x)
0 0.191 0 · 0.191 = 0
1 0.314 1 · 0.314 = 0.314
2 0.363 2 · 0.363 = 0.726
3 0.123 3 · 0.123 = 0.369
4 0.009 4 · 0.009 = 0.036

�� ��Now sum all the entries in the third column.

�� ��µ =
∑

[x · P(x)] = 1.445
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How can we do this with the calculator?

x P(x) x · P(x)
0 0.191 0 · 0.191 = 0
1 0.314 1 · 0.314 = 0.314
2 0.363 2 · 0.363 = 0.726
3 0.123 3 · 0.123 = 0.369
4 0.009 4 · 0.009 = 0.036

�� ��Now sum all the entries in the third column.

�� ��µ =
∑

[x · P(x)] = 1.445
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[x · P(x)]
1 Enter the data into L1 and L2. Scroll up and over with your arrow keys

until your cursor is highlighting L3 (bottom right figure).

x P(x) x · P(x)
0 0.191 0 · 0.191 = 0
1 0.314 1 · 0.314 = 0.314
2 0.363 2 · 0.363 = 0.726
3 0.123 3 · 0.123 = 0.369
4 0.009 4 · 0.009 = 0.036�� ��µ =

∑
[x · P(x)] = 1.445
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�� ��2

�� ��enter
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3 0.123 3 · 0.123 = 0.369
4 0.009 4 · 0.009 = 0.036�� ��µ =
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until your cursor is highlighting L3 (bottom right figure).

2 Press
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�� ��2

�� ��enter

3 The calculator fills L3 with the elementwise products.

x P(x) x · P(x)
0 0.191 0 · 0.191 = 0
1 0.314 1 · 0.314 = 0.314
2 0.363 2 · 0.363 = 0.726
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3 The calculator fills L3 with the elementwise products.

4 The mean is the sum of the L3 entries. Calculate 1-variable statistics
then take

∑
x to be µ. Make sure you do 1-variable statistics on L3.
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Variance σ2 =
∑

[x2 · P(x)] − µ2

= 3.017 − 1.4452

= 0.9289975

Example: As the owner of successful small business, you cannot afford to take a
sick day. Suppose the random variable x represents the number of $1000 units you
sell in a day. Additionally, suppose that based on years of company records, the
probability distribution is summarized in the table (below).

Determine the variance for the distribution.

x P(x)

x2 · P(x)

0 0.191

02 · 0.191 = 0

1 0.314

12 · 0.314 = 0.314

2 0.363

22 · 0.363 = 1.452

3 0.123

32 · 0.123 = 1.107

4 0.009

42 · 0.009 = 0.144
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Variance σ2 =
∑

[x2 · P(x)] − µ2

= 3.017 − 1.4452

= 0.9289975

Example: As the owner of successful small business, you cannot afford to take a
sick day. Suppose the random variable x represents the number of $1000 units you
sell in a day. Additionally, suppose that based on years of company records, the
probability distribution is summarized in the table (below).

Determine the variance for the distribution.

x P(x) x2 · P(x)
0 0.191 02 · 0.191 = 0
1 0.314 12 · 0.314 = 0.314
2 0.363 22 · 0.363 = 1.452
3 0.123 32 · 0.123 = 1.107
4 0.009 42 · 0.009 = 0.144

�
�

�


Square each individual value of x, then mul-
tiply it by its associated probability, P(x).
List these products in a separate column.
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∑

[x2 · P(x)] − µ2

= 3.017 − 1.4452

= 0.9289975

Example: As the owner of successful small business, you cannot afford to take a
sick day. Suppose the random variable x represents the number of $1000 units you
sell in a day. Additionally, suppose that based on years of company records, the
probability distribution is summarized in the table (below).

Determine the variance for the distribution.

x P(x) x2 · P(x)
0 0.191 02 · 0.191 = 0
1 0.314 12 · 0.314 = 0.314
2 0.363 22 · 0.363 = 1.452
3 0.123 32 · 0.123 = 1.107
4 0.009 42 · 0.009 = 0.144

�� ��Now sum all the entries in the third column.

�� ��∑
[x2 · P(x)] = 3.017
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Variance σ2 =
∑

[x2 · P(x)] − µ2

= 3.017 − 1.4452

= 0.9289975

Example: As the owner of successful small business, you cannot afford to take a
sick day. Suppose the random variable x represents the number of $1000 units you
sell in a day. Additionally, suppose that based on years of company records, the
probability distribution is summarized in the table (below).

Determine the variance for the distribution.

x P(x) x2 · P(x)
0 0.191 02 · 0.191 = 0
1 0.314 12 · 0.314 = 0.314
2 0.363 22 · 0.363 = 1.452
3 0.123 32 · 0.123 = 1.107
4 0.009 42 · 0.009 = 0.144

�� ��Afterwards, subtract µ2 from
∑

[x2 · P(x)].

�� ��∑
[x2 · P(x)] = 3.017
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0 0.191 02 · 0.191 = 0
1 0.314 12 · 0.314 = 0.314
2 0.363 22 · 0.363 = 1.452
3 0.123 32 · 0.123 = 1.107
4 0.009 42 · 0.009 = 0.144

�� ��Afterwards, subtract µ2 from
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[x2 · P(x)].

�� ��∑
[x2 · P(x)] = 3.017

�



�
	We take the square root of σ2 to get the stan-

dard deviation. σ =
√

0.9289975 ≈ 0.9638
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1 0.314 12 · 0.314 = 0.314
2 0.363 22 · 0.363 = 1.452
3 0.123 32 · 0.123 = 1.107
4 0.009 42 · 0.009 = 0.144�� ��∑

[x2 · P(x)] = 3.017

�

�

�

�

Calculator

• Use your arrow keys to arrow up and over until your cursor is
highlighting L4.

• Press
�� ��2nd

�� ��1
�� ��x2

�� ��×

�� ��2nd
�� ��2

�� ��enter

• Calculate 1-variable statistics on L4 and take
∑

x to be∑
[x2 ·P(x)]. Subtract µ2 from this value to obtain the variance.
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Round off Rule for µ, σ, and σ2

Round results by carrying one more decimal place than the
number of decimal places used for the random variable x. If
the values of x are integers, round µ, σ and σ2 to one decimal
place. Do not round off any intermediate calculations
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Identifying Unusual Results
Range Rule of Thumb

We can identify “unusual” values by determining if they lie outside these limits:

Maximum usual value, xmax xmax = µ+ 2σ

Minimum usual value , xmin xmin = µ − 2σ

Ordinary Values Unusual Values

U

Unusual Values

xmaxxmin
x-axis
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Identifying Unusual Results
Range Rule of Thumb

We can identify “unusual” values by determining if they lie outside these limits:

Maximum usual value, xmax xmax = µ+ 2σ

Minimum usual value , xmin xmin = µ − 2σ

Ordinary Values Unusual Values

U

Unusual Values

xmaxxmin
x-axis

Example: Focus groups of 14 people are randomly selected to discuss products of the Yummy Company. It is
determined that the mean number (per group) who recognize the Yummy brand name is 10.9, and the standard
deviation is 0.98.

Quiz Would it be unusual to randomly select 14 people and find that fewer
than 7 recognize the Yummy brand name?

yes no
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Identifying Unusual Results
Range Rule of Thumb

We can identify “unusual” values by determining if they lie outside these limits:

Maximum usual value, xmax xmax = µ+ 2σ

Minimum usual value , xmin xmin = µ − 2σ

Ordinary Values Unusual Values

U

Unusual Values

xmaxxmin
x-axis

Example: Focus groups of 14 people are randomly selected to discuss products of the Yummy Company. It is
determined that the mean number (per group) who recognize the Yummy brand name is 10.9, and the standard
deviation is 0.98.

Quiz Would it be unusual to randomly select 14 people and find that fewer
than 7 recognize the Yummy brand name?

yes no

x is the random variable representing the number of people (from a sample of 14) that recognize the Yummy
brand name. xmin = µ − 2σ = 10.9 − 2 · 0.98 = 8.94 and xmax = µ+ 2σ = 10.9 + 2 · 0.98 = 12.86. Since
7 people is less than xmin , it is considered unusual to randomly select 14 people and find that fewer than 7
recognize the Yummy brand name.
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Identifying Unusual Results
Using Probabilities to Determine When Results Are Unusual

1 Unusually high: x successes among n trials is an unusually high number
of successes if P(x or more) ≤ 0.05.

2 Unusually low: x successes among n trials is an unusually low number of
successes if P(x or fewer) ≤ 0.05.
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Identifying Unusual Results
Using Probabilities to Determine When Results Are Unusual

1 Unusually high: x successes among n trials is an unusually high number
of successes if P(x or more) ≤ 0.05.

2 Unusually low: x successes among n trials is an unusually low number of
successes if P(x or fewer) ≤ 0.05.

x P(x)
0 0.111
1 0.215
2 0.450
3 0.224

Example: Suppose that weight of adolescents is being studied by a health
organization and that the accompanying tables describes the probability distribution
for three randomly selected adolescents, where x is the number who are considered
morbidly obese.

Quiz Is it unusual to have no obese subjects among three randomly selected adolescents?

yes no

http://timbusken.com/


Chapter 5

Tim Busken

Table of
Contents
Attachments and
Links

5.2 Random
Variables
Random Experiments

Probability
Distributions

Random Variables

Discrete Probability
Distributions

Probability Histogram

Mean, Variance and
Standard Deviation

Identifying Unusual
Results

Expected Value

5.3 The
Binomial
Distribution

5.4 Mean,
Variance, and
Standard
Deviation for
the Binomial
Distribution

Works Cited

Identifying Unusual Results
Using Probabilities to Determine When Results Are Unusual

1 Unusually high: x successes among n trials is an unusually high number
of successes if P(x or more) ≤ 0.05.

2 Unusually low: x successes among n trials is an unusually low number of
successes if P(x or fewer) ≤ 0.05.

x P(x)
0 0.111
1 0.215
2 0.450
3 0.224

Example: Suppose that weight of adolescents is being studied by a health
organization and that the accompanying tables describes the probability distribution
for three randomly selected adolescents, where x is the number who are considered
morbidly obese.

Quiz Is it unusual to have no obese subjects among three randomly selected adolescents?

yes no
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Identifying Unusual Results
Using Probabilities to Determine When Results Are Unusual

1 Unusually high: x successes among n trials is an unusually high number
of successes if P(x or more) ≤ 0.05.

2 Unusually low: x successes among n trials is an unusually low number of
successes if P(x or fewer) ≤ 0.05.

x P(x)
0 0.111
1 0.215
2 0.450
3 0.224

Example: Suppose that weight of adolescents is being studied by a health
organization and that the accompanying tables describes the probability distribution
for three randomly selected adolescents, where x is the number who are considered
morbidly obese.

Quiz Is it unusual to have no obese subjects among three randomly selected adolescents?

yes no

It is not unusual since 0.111 � 0.05
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Expected Value
Definition
The expected value of a discrete random variable is denoted by E, and it
represents the mean value of the outcomes. It is obtained by finding the value of∑

[x · P(x)].
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Expected Value
Definition
The expected value of a discrete random variable is denoted by E, and it
represents the mean value of the outcomes. It is obtained by finding the value of∑

[x · P(x)].

Example: Suppose you pay $2.00 to roll a fair die with the understanding that you
will get back $4 for rolling a 2 or a 4, nothing otherwise.

Begin Quiz

1. What is your expected winnings from a single roll? Hint: let x be the discrete
random variable representing the amount of money won or lost.

(a) −$0.67 (b) $2.00 (c ) $4.00 (d) −$2.00

End Quiz
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Definition
The expected value of a discrete random variable is denoted by E, and it
represents the mean value of the outcomes. It is obtained by finding the value of∑

[x · P(x)].

http://timbusken.com/


Chapter 5

Tim Busken

Table of
Contents
Attachments and
Links

5.2 Random
Variables
Random Experiments

Probability
Distributions

Random Variables

Discrete Probability
Distributions

Probability Histogram

Mean, Variance and
Standard Deviation

Identifying Unusual
Results

Expected Value

5.3 The
Binomial
Distribution

5.4 Mean,
Variance, and
Standard
Deviation for
the Binomial
Distribution

Works Cited

Expected Value
Definition
The expected value of a discrete random variable is denoted by E, and it
represents the mean value of the outcomes. It is obtained by finding the value of∑

[x · P(x)].

Example: Suppose you pay $2.00 to roll a fair die with the understanding that you
will win $4 for rolling a 2 or a 4, and win nothing otherwise.

Begin Quiz

1. What is your expected winnings from a single roll? Hint: let x be the discrete
random variable representing the amount of money won or lost.

(a) −$0.67 (b) $2.00 (c ) $4.00 (d) −$2.00

End Quiz

Event x P(x) x · P(x)
Lose −$2 4/6 −$1.33
Gain (net) $2 2/6 $0.67
total −$0.67
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Now try questions 1, 2 and 3 on the work-
sheet that is attached to this document (or
click here.)

http://timbusken.com/
http://timbusken.com/assets/statistics/chapter-5/DRV-worksheet.pdf
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5.3 The Binomial Distribution

The main topic of Chapter 5 is the study of Discrete Probability Distributions
—which are tables of probabilities associated with random variables that take on
discrete (or integer) values.

Many probability distributions are so important in theory or applications that they
have been given specific names (see wikipedia topic: list of probability
distributions). One specific Discrete Probability Distribution from this list is called
the Binomial Distribution, the topic of Section 5.3. The binomial distribution is
the probability distribution that results from doing a “binomial experiment.”
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Binomial Experiments

Definition
Binomial experiments have the following properties:

1 The procedure has a fixed number of trials.
2 The trials must be independent. (The outcome of any individual trial doesnt

affect the probabilities in the other trials.)
3 Each trial must have only two possible outcomes (commonly referred to as

success and failure).
4 The probability of a success remains the same in all trials.

The word success in this context is arbitrary and does not necessarily represent some-
thing good. Either of the two possible categories may be called a success.

� �
�
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Binomial Experiments

Notation for Binomial Probability Distributions

S and F (success and failure) denote the two possible categories of all outcomes; p
and q will denote the probabilities of S and F , respectively.

P(S) = p (p =probability of success)
P(F) = 1 − p = q (q =probability of failure)
n denotes the fixed number of trials.
x denotes a specific number of successes in n trials,

so x can be any whole number between 0 and n,
inclusive.

p denotes the probability of success in one of the n
trials.

q denotes the probability of failure in one of the n
trials.

P(x) denotes the probability of getting exactly x succ-
esses among the n trials.

The Binomial Probability Formula

P(x) =
(

nCx

)
· px · qn−x

for x = 0, 1, 2, ..., n, and recall that nCx =
n!

(n − x)! · x!
.
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Binomial Experiments

An Example of a Binomial Experiment

People with type O-negative blood are said to be “universal donors.” About 7% of the
U.S. population has this blood type. Suppose that 50 people show up at a blood drive.
Let x =the number of universal donors among a random group of 50 people.

n This is the number of trials. For this example, n = 50 (the number
of blood donors).

p This is the “success” probability. For this example, p = 0.07 (the
probability that a randomly selected American has type O-negative
blood). Note that p must be in decimal form.

x This is the number of “successes,” or type-O negative donors
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Binomial Experiments

Classroom Exercise

http://timbusken.com/
http://timbusken.com/assets/statistics/chapter-5/ch5-addendum.pdf
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Now try the problems on the worksheet that
is attached to this document, or click here.

http://users.rowan.edu/˜schultzl/TI/binomial.pdf In
addition, check out the useful calculator tutorial by Dr. Laura Schultz
from Rowan University in N.J. (the pdf is also attached to this pdf
document.)

http://timbusken.com/
http://timbusken.com/assets/statistics/chapter-5/DRV-worksheet.pdf
http://users.rowan.edu/~schultzl/TI/binomial.pdf
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5.4 Mean, Variance, and
Standard Deviation for the

Binomial Distribution

We defined and gave the formulas for the Mean, Variance, and Standard
Deviation for Any Discrete Probability Distribution in Section 5.2.
Measures of Center and Variation for probability distributions

µ =
∑

[x · P(x)] Mean

σ2 =
∑

[(x − µ)2 · P(x)] Variance

σ2 =
∑

[x2 · P(x)] − µ2 Variance (shortcut formula)

σ =
√
σ2 =

√∑
[x2 · P(x)] − µ2 Standard Deviation

http://timbusken.com/
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When applied to the Binomial Probability Distribution, these formulas
reduce to the following.
Measures of Center and Variation for the Binomial Probability Distribution

µ = n · p Mean

σ2 = n · p · q Variance

σ =
√
σ2 =

√
npq Standard Deviation
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When applied to the Binomial Probability Distribution, these formulas
reduce to the following.
Measures of Center and Variation for the Binomial Probability Distribution

µ = n · p Mean

σ2 = n · p · q Variance

σ =
√
σ2 =

√
npq Standard Deviation

Before you attempt to complete the homework for Section 5.4, please
read pages 197, 224, and 225 from the Triola[2] textbook. (A copy is also
attached to this document with the name mendel.pdf.)

http://timbusken.com/
http://timbusken.com/assets/statistics/chapter-5/mendel.pdf
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L. Schultz, Using your ti-83/84 calculator: Binomial
probability distributions.
http:

//users.rowan.edu/˜schultzl/TI/binomial.pdf.
Accessed: 03/16/13.

M. F. Triola, Essentials of Statistics, Addison-Wesley,
fourth ed., 2011.
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