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Use the following information for questions 5-6.

A company claims that the number of defective
items manufactured during each run of making 100
of their products is independent of the number from
other runs and that the proportion of defectives is no
more than 4%. Assume that the proportion of defec-
tives for each run is .04.

5. What is the probability that there will be no
defectives on the next run?
(A) .034
(B) .051
(C) .017
(D) .0085
(E) None of these.

6. The distribution of the number of defectives in
each run of the manufacturing process has an
expected value of 4 and a standard error of
1.96. Which of the following is a correct inter-
pretation of these values?

(A) There is a probability of .95 that the num-
ber of defectives will be within 3.92 of 4.

(B) There is a .0196 probability that the num-
ber of defectives will equal 4.

(C) The distribution is symmetric and mound-
shaped with the center at 4.

(D) The rule of thumb dealing with percent-
ages of data with 1, 2, and 3 standard devi-
ations of the mean cannot be applied since
this distribution could be severely skewed.

(E) None of these is a correct interpretation.

FREE-RESPONSE QUESTIONS
Open-Ended Questions

1. Create and display probability plots of each
binomial probability distribution specified. The
horizontal axis is the number of successes: 0-10.

an=10;p =
b.n=10;p=.5
cn=10;p =8

2. Find the mean and standard deviation of the
distributions in questions 1a, 1b, and 1lc.

The concept of expected value can be applied to
games and the determination of strategies.

3. In the game of roulette, there are 18 black num-
bers, 18 red numbers, and 2 green numbers. If
you bet $1 on a color and win, you receive $1.
Consider your “gain” to be +51 if you win and
—$1 if you lose.

a. How much would you expect to gain
on each play?

b. If you were to bet on a color 100 times, how
much would you expect to gain?

4. There are two soda machines in your school. A
can of soda costs 75 cents from Machine A and
Machine A works 100% of the time. A can of
soda costs 50 cents from Machine B and
Machine B works 60% of the time. When
Machine B does not work, it eats your money.
You determine to try the following strategy:

Try machine B. If it does not work, go to Machine
A and purchase your soda from it.

Evaluate this strategy in the long run.

5. If the Cubs are expected to win 70% of their
games,
a. How many games would you expect them to
win during a 162-game schedule?
b. How much error would you expect in this-
estimate? (Hint: Consider standard error.)

6. In roulette, there are 38 numbers, 00, 0, and
1-36. If you bet $1 on a number and win, you
receive an additional $35. How much do you
expect to win or lose on each play if you bet on
a number?

Compare symmetry versus skewness of your prob-
ability plots and discuss how they relate to the value
of p.
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Section 5.5 Probability Disteihutions of 2 & mean = 3 standard devition = 1

b. mean = 5; standard deviation = 1.58

Discrete Random Uariahles c. mean = 8; standard deviation = 1.26
: MULTIPLE-CHOICE QUESTIONS (page 122) 3. a. Expected value = (+1)(;—2-) + (—1)@—?)’\ 05

- 1. B I: sum of the probabilities is greater than 1; IV:

one of the probabilities is negative. b. Expect to lose 5.26 cents for each dollar bet.

Playing 100 times, one would expect to lose
2. B Only II and III are probability distributions, and 100($.0526) = $5.26.

al f I tive.
the values of Il are negative 4. Expected value using the strategy = (.50)(.6) +

3.C Only I and Il are probability distributions and (1.25)(4) = .80; On average, using the strategy wit
the probabilities are concentrated in a smaller range cost 80 cents. Therefore it is better to use Machine
of values in III. each time.

4. B For example, the graph of a geometric distribu- 5. a. Expected value = 162.7(7) = 113.4

| B o mete: " b. Standard error = VIE27(7)(3) = 5,83 assumi
! 5 C (.04%)(.961%) = binompdf (100, .04, 0) = .0169 the probability (.7) is the same for each game a:
0 p ty 8
6. D that each game is independent.
- ), —p(3)=_
FREE-RESPONSE QUESTIONS 6. Expected value = (+35)( 38). +( 1)( 38) = —.052
Open-Ended Questions (page 123) ‘
1. a. Binomial Probability Distribution ~ iEIEE s e e .
n=10,p=.3
03
[ ]
o
- 0.2 L ]
§ o
0.1 * L4 S —
° . 4 4
i 00, | ® o o .
; 0 5 10
; X
b. Binomial Probability Distribution
: n=10,p=.5
025 °
0.20 - L L4
o 015
<
T 010 ¢ °
0.05 ™ °
| o o o
ooof . :
0 5 10 X
X 4 ‘
C. Binomial Probability Distribution
n=10,p=.8
03 °
[ J
02} ) .
Q . . ) . R
K .
0.1 o i N
| 0.0 —T e o o ©® | ¥ |

10

()
x al- e
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Mean and Standard For a general discrete probability distribution, we have the following formu-
Deviation of a General las for the mean and variance of the distribution:
Discrete Random If the sample space of an event contains the values x; , %, , ..., X, having
Variable probabilities of occurring of py, pa , - - - , P, then the mean of the probability dis-
tribution is

and the variance is

o= (-"-'1 = #x)zpl + (xz - Iu'x)ZPZ +aen T (xn - !J“x)z P
=Z(xi - f*"x)z Pi
=

The mean of a probability distribution is denoted by the Greek letter w (mu),
rather than ¥ as the mean for sample data. Similarly, the variance of the distri-
bution is denoted by the Greek letter o*? (sigma) instead of 52 for sample data.
Consequently, o is the symbol for the standard deviation of the probability dis-

tribution.
Expected Value and Standard Error
: In this context, the mean is usually given the name expected value; in some
books, the standard deviation is called the standard error.
EXAMPLE 2
™ Determine the expected number of heads and the standard error in three coin flips
using the definition. Verify by using the binomial formulas.
Solution
Outcome:
Number of heads (x;) Probability (p;) Product, x;p;  (X;—p)p;
0 3o ()05 = 125 0 28125
1 30 (B (5) = 375 375 09375
2 3G (B2 (5) = 375 750 09375
3 1C3(5P(5)0 = .125 375 28125
g ;
|. Expected Value = p = ZXfpi =0 +.375 + .750 + .375 = 1.5 heads
i i=0
! 3
Standard Error = o= | > (x; — w)2p;
i=0 B
— /28125 + .09375 + .09375 + .28125 ~ .866
! This distribution is binomial with n= 3 and p = 5. Therefore, by the binomial
| formulas,
‘ Expected Value = np=3(.5) = 1.5
! Standard Error = Vap(1— p) = V(1.5)(.5) = .866
£
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‘ Expected value is also a useful tool for decision-making in business.

EXAMPLE 3

i The Prova Insurance Company offers a homeowner’s fire insurance policy. Their ™
il records indicate that during a year the company will pay out the following amounts for
claims due to fires:

$100,000 with a probability of .0004
$50,000 with a probability of .002
$25,000 with a probability of .008
$10,000 with a probability of .015
$5,000 with a probability of .03
$1,000 with a probability of .07

What should the company charge for each fire policy so that the sum of the premiums
will cover the expenses due to claims?

" Solution
The expected value of the company’s payments is

100,000(.0004) + 50,000(.002) + 25,000(.008) |
: + 10,000(.015) + 5,000(.03) + 1,000(.07) =710 3

This $710 payment is an average over the long run. Remember, the company will
not pay exactly this amount on each policy. The standard deviation gives us an idea
of the spread of the payments.

To cover its expected payments, the company should charge a minimum of $710
for each policy.

i Review Exercises 2
| R i i e

2. Which of the probability distributions has the
greatest mean?

MULTIPLE-CHOICE QUESTIONS

Use the following distributions to answer questions

1-3. (A) 1
B) II
| Ll i v (C) 111
(D) IV
X X X X
i P £ P (E) There is no maximum.
0 5 10 2 -2 0 1 -1
1 2 12 2 -5 0 2 2 3. Which of the probability distributions has the
\ 2 2 15 3 —10 3 3 3 smallest standard deviation?
3 1 19 2 -4 3 4 3 (A) T
s 1 2% 1 -an 4 5 3 ®) 1
(C) I
(D) IV it

1. Which of the tables does not constitute a legiti-

mate discrete probability distribution? (] Teneasine SERMES.

o RS o S A OGRS 2557 i N T o e e S

(A) Ionly

(B) land IV
(O L1II,and IV
(D) III only

(E) Iand IlI

122 Chapter Five

. Which of the following is not true of discrete

probability distributions?

(A) The sum of the probabilities is 1.

(B) The graph of the distribution exhibits symmetry-

(C) The value of the standard deviation can be:
less than, equal to, or greater than the
value of the mean.

(D) Each probability in the distribution mus:
be greater than or equal to 0.

(E) All of these are true statements.




5.5 Probalty Distritutions o Discrete Random Variables

A probability distribution for an event consists of a list of all outcomes in the
event and their probabilities. We will first consider the case of the probability
distribution of a discrete random variable with a finite number of outcomes,

using the binomial case. We will then treat a probability distribution of a con-
tinuous random variable.

The Probability The probability distribution of a binomial variable with n = 4 and
Distribution of a p = .3, X ~Binomial(4, .3) is displayed below:
Binomial Variable

Successes  Expression  Value Prohability Plot
0 $Col30(NE 2401 - 1
1 Y ) LLW) L) LR
2 G 2 Bs|
9 . o
3 (GBI 0756 o .
[ ]
4 (GO 0081 0 | | ! .
1 2 - 3 4
Sum 1 Successes
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Technology Note: Using a graphing calculator with the distribution
(DISTR) command provides all of the binomial probabilities with one com-
mand. For example, using a TI-83 and the command binompdf(4, .3) returns
{2401, 4116, .2646, .0756, .0081} representing, in order, all of the binomial prob- s,
abilities for successesr =0,1,2,3,and 4. & -

¥

ZE Technology Note: In order to view the probability plot of a binomial dis-
l' 3\ tribution using the TI-83, follow these steps:

Instruction Ti-83 Command

1. Load the possible values of the seqlx, x, 0,4, 1) = L
numbers of successes inL;. [seq(is on the L/ST OPS menu.]

2. Calculate and load the binomial L, = binompdf(4, .3, L)
probabilities for each number of [L,is in the STAT EDIT window]
successes into Ly.

3. Plot the scatterplot with X-listL, - Set STAT PLOT 110 scatterplot, L}, L, and

and Y-list L, press ZOOM STAT. ,

Mean and Standard You will discover in the exercises that binomial distributions, discrete though
Deviation of a Binomial they are, are somewhat symmetric. Therefore, it is reasonable to consider the
Probability Distribution mean and standard deviation of a binomial random variable.

Binomial Formulas
The distribution of the outcomes of a binomial random variable with n trials

when the probability of a success on one trial is p has ~
Mean = np :
Standard Deviation = m
1
EXAMPLE 1 3
Determine the mean and standard deviation of a binomial random variable with
n=4andp=.3. '
Salutian | |

V Mean = np = (4.3) =1.2

' This. means that if we have a probability of success of .3 and we make four
attempts, we expect to have 1.2 successes.

Standard Deviation = Vap(1 — p) = VIL.2X(7) =~ .917
Consider these summary statistics with regard to the distribution considered at the

beginning"of this section. Even though a binomial distribution is discrete, the mean
is still the'!{ba!ance point” of the distribution.

Technology Note: Graphing calculators can be used to verify these formu-
las. For the TI-83, load all possible numbers of successes (0,1,2, ..., m) into Ly Load
the corresponding binomial probabilities into L,. Executing the command for oné-
variable statistics, 1-Var Stats L,, L, will display the summary statistics for the bir ™™ ;
mial probability distribution requested. (Note that the standard deviation fo:
binomial distribution is listed as oy in the output of the 1-Var Stats command.) &
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Randomness & Probability

Advanced Placement Statistics

Stats: Modeling the World, Chapters 14-17

ACROSS

><random variable that can take any numeric value

within a range of values
Xoollection of all possible outcome values

X variable that assumes any of several different
values as a result of some random event
the long-run relative frequency of repeated
independent events settles down the true relative
frequency as the number of trials increases
disjoint .

‘l)( random variable that can take one of a finite
number of a distinct outcome

%value measured, observed, or reported for an
individual instance for a trial

}Q/ situation where there are two possible outcomes,
the probability of success is constant, and the
trials are independent,
the theoretical long-run average value

\
d
‘clo[n[+ [y [n[uloTu[sTrlan]aTo IV ol ] [alol t1E]
al |s |
e \ ‘sia|mfp|y [&]s]plafc|e °
Pl |0 r i
el |q rlafnfdiom|v] dreli]|alg] \]O] [n
N n 9] 6
d] |F FLlawlolf [V]alrJaTen]ulmole] r
e e ' v v \
ol [0 1 ® q G
Wlult jula] vyl elx[cd wlsi]v]e] [e
p ' { IS J
\ Blils|efyv(el¥|elrlonfdlojmv|alr]i|a]lb])
€ y Y I®
) ' “ol W ¥ clofnhe
Blelvonfofulv it [i[v|r]i [alV]s v
n 1
¥ tixlplelcft{e[d]N[af\ ] W

DOWN

)(relationship between events if knowing one
event occurs does not alter the probability that
the other event occurs

X relationship between two events if they share mo
outcomes in common

){a number between 0 and 1 that reports the
likelihood of an event's occurrence

Xprobability model appropriate for a random
variable that counts the number of successes in
a fixed number of Bernoulli trials

9\set of outcomes that are not in the specified
event ST

/}ﬁ collection of outcomes

j)( probability model appropriate for a random
variable that counts the number of Bernoulli
Trials until the first success.
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