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238 Chapter 5 Discrete Probability Distributions

a. Ts this probability function valid? Explain.
b. What is the probability that it takes exactly 2 sessions to gain the patient’s trust?
c.  What is the probability that it takes at lcast 2 sessions to gain the patient’s trust?

14, The following table is a partial probability distribution for the MRA Company’s pro-
jected profits (x = profit in $1000s) for the first year of operation (the negative vale=
denotes a loss).

x Sfix)
=100 J0
0 20
50 30
100 25
150 10
200
a. What is the proper value for f200)? What is your interpretation of this value? -

b. What is the probability that MRA will be profitable?
What is the probability that MRA will make at least $100,0007?

(53) Expected Value and Variance

Expected Value

The expected value, or mean, of a random variable is a measure of the central locatios
for the random variable. The formula for the expected value of a discrete random variabis
x follows.

The expected value is a

weighted average of the EXPECTED VALUE OF A DISCRETE RANDOM VARIABLE

values of the random
variable where the weights Ex)=p= 3 xf(x) (5.4)
are the probabilities.

Both the notations E(x) and . are used to denote the expected value of a random variabls
Equation (5.4) shows thal to compute the expected value of a discrete random var-
able, we must multiply each value of the random variable by the corresponding pross
ability f(£) and then add the resulting products. Using the DiCarlo Motors automobis
The expecred value does sales example from Section 3.2, we show the calculation of the expected value for @
not have 1o be a value number of automobiles sold during a day in Table 5.5. The sum of the entries in the x7a
z;ili':::f”m Vg o column shows that the expected value is 1.50 automobiles per day. We therefore know
that although sales of 0, 1,2, 3,4, 0or 5 automobiles are possible on any one day. over time
DiCarlo can anticipate selling an average of 1.50 automobiles per day, Assuming 30 days
of operalion during a month, we can use the expected value of 1.50 Lo forecast averass
monthly sales of 30(1.50) = 45 automobiles.

Variance

The expected value provides a measure of central tendency for a random variable, S8
we often also want a measure of variability, or dispersion. Just as we used the varizass
in Chapter 3 to summarize the variability in data, we now use variance to summarize &
variability in the values of a random variable. The formula for the variance of a discres
random variable [ollows.
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240 Chapter 5 Discrete Probability Distributions

The calculations involved in computing the expected value and variance for a discrete
random variable can easily be made in an Exce] worksheet. One approach is to enter the
formulas necessary to make the calculations in Tables 5.4 and 5.5. An easier way, however,
is to make use of Excel’s SUMPRODUCT function. In this subsection we show how 10 use
the SUMPRODUCT function to compute the expected value and variance for daily auto-
mobile sales at DiCarlo Motors, Refer 1o Figure 5.2 as we describe the tasks involved. The
formula worksheet is in the background; the value worksheet is in the foreground.

Enter/Access Data: The data needed are the values for the random variable and the cor-
responding probabilities. Labels, values for the random variable, and the corresponding
probabilities are entered in cells A] :B7,

Enter Functions and Formulas: The SUMPRODUCT function multiplies each value
in one range by the corresponding value in another range and sums the products. To use
the SUMPRODUCT funection to compute the expected value of daily automobile sales at
DiCarlo Motors, we entered the following formula into cell BOY:

=SUMPRODUCT(A2:A7.B2:B 7)

Note that the first range. A2:A7, contains the values for the random variable, daily auto-
mobile sales. The second range, B2:B7, contains the corresponding probabilities. Thus. the
SUMPRODUCT function in cell B9 is computing A2¥B2 + A3*B3 + A4*B4 + A5*B5 +
A6%B6 + A7*B7; hence, it is applying the formula in equation (5.4) to compute the
expected value. The result, shown in cell B9 of the value worksheet, is 1.5,

EXCEL WORKSHEET FOR EXPECTED VALUE, VARIANCE, AND STAN

R B e = S ——

DARD DEVIATION

= = ————

Ji

A B c D
1 [Sales HfProbabl]i:]' Sq Dev from Mean
2 0 .18 =(A2-5B89)2
3 0.39 ={A3-8B5g) 2
4 2 0.24 ={A4-8B389)~2
5 3 0.14 ={A5-§B8%)"2
§ 4 0.04 ={A6-SB89)"2
715 0.01 ={A7-5B39) 2
8
) Mean =SUMPRODUCT(A2/A7.B2:H7) T VA LT B C D
10 I [Sales  IProbability 8q Dev from Mean
11 Variance zS‘L'ME:‘R(')DT.‘C‘T(‘v‘.?.?:Cf'.B::l"»"} % 0 0,18 225
12 3 1 0.39 0.25
13 5td Deviation =SQRI(B11) d 2 0,24 0,25
14 S 3 014 2.25
6 4 0,04 6.25
7 5 0,01 12325
8
9 Mean 135
10
11 Varfance 125
12
13 Std Deviation 1118
1
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234 Chapter 5 Discrete Probability Distributions

ABLE 5.4 PROBABILITY DISTRIBUTION FOR THE NUMBER OF AUTOMOBILES SOLD
DURING A DAY AT DICARLO MOTORS

X Jx)
0 18
39
24
14
04
01

Total 1,00

W L B

e = e - —r == m————

In probability function notation, £(0) provides the probability of 0 automobiles sold. fa)
provides the probability of 1 automobile sold, and so on. Because historical data show 54
of 300 days with 0 automobiles sold, we assign the relative frequency 54/300 = .18 o £(0),
indicating that the probability of 0 automobiles being sold during a day is .18. Similarly,
because 117 o' 300 days had 1 automobile sold, we assign the relative frequency 117/300 =
39 to f(1), indicating that the probability of exactly 1 automobile being sold during a day
is .39, Continuing in this way for the other values of the random variable, we compute the
values for f(2), f(3), £(4), and £(5) as shown in Table 54,

A primary advantage of defining a random variable and its probability distribution is
that once the probability distribution is known, it is relatively easy to determine the prob-
ability of a variety of events that may be of interest to a decision maker. For example, using
the probability distribution for DiCarlo Motors as shown in Table 5.4, we see that the most
probable number of automobiles sold during a day is 1 with a probability of (1) = .39,
In addition, the probability of selling 3 or more automobiles during a day is f(3) + f(4) +
J(5) = .14+ .04 + .01 = .19. These probabilities, plus others the decision maker may ask
about, provide information that can help the decision maker understand the process of sell-
ing automobiles at DiCarlo Motors.

In the development of a probability function for any discrete random variable, the fol-
lowing two conditions must be satisfied.

These conditions are

the analogs to the mwo REQUIRED CONDITIONS FOR A DISCRETE PROBABILITY FUNCTION

basic requirements for i
assigning probabilities 1o flx=0 (5:1)
experimental outcomes S f=1 (5.2)

presented in Chapter 4,

Table 5.4 shows that the probabilities for the random variable x satisfy equation (3.1); fix)
is greater than or equal to 0 for all values of x. In addition, because the probabilities sum
to I, equation (5.2) is satisfied. Thus, the DiCarlo Motors probability function is a valid
discrete probability function.

We can also show the DiCarlo Motors probability distribution graphically. In
Figure 5.1 the values of the random variable x for DiCarlo Motors are shown on the hori-
zontal axis and the probability associated with these values is shown on the vertical axis.

In addition to the probability distributions shown in tables, a formula that gives
the probability function, f{x), for every value of x is often used to describe probability
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