Random variables
A variable defined by the probabilities of each possible value in the
population.

Probabilities show proportion of population with each possible value.
This is how we move from yes/no probabilities to variables.

Probability distribution, P(X)—the probability that each value will occur.

Continuous Random Variables—can take on any value in an interval
of numbers, and in theory can be measured to any degree of accuracy.

Discrete Random Variable--Can take on only a finite countable set of
values.

Marginal probabilities: Overall probabilities

Cumulative probabilities: Adding up probabilities for ranges of values.
Conditional probabilities: probabilities of values for subset of cases.

Joint probabilities: probabilities of combinations of values based on 2
or more variables.
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The 2008 Washington State Population survey is a telephone survey of
households.

Telephone surveys introduce some bias by excluding households that don't
have telephones. What do we know about the probability distribution of the
number of phones in WA State households?
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[Data from 1990 Census for WA state.]

Class 3, page 2



What is the probability that a household will have no telephone?

What is the probability that a household will have 1 or fewer telephone lines?

How about 4 or fewer?

What is the probability that a household will have 2 to 4 phone lines?

What is the probability a household will have 1 or fewer phone lines or more
than 4 phone lines?
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Means and Variances are variable values weighted by probabilities

Expected Value (population mean)
The sum of values weighted by the probabilities of those values.

p=E(X)=> xP(x)

Variance:
Sum of the squared deviations weighted by probabilities.

62 =V(X)=E|(X —u)’|= 3 (x— uf P(x)

or

2
o® =V(X)=E(X?)-[E(X)]
The second equation is a shortcut—the mean of X-squared minus the
squared mean of X.

Standard Deviation:

o =vo? =SD(X)

The standard deviation is the square root of the variance.

Conditional Mean and SD—
-Mean for subset of cases
-Uses conditional probabilities to re-weight values

Functions of Random Variables—

What happens to mean and SD when values change (but probability
weights stay the same?)

--Linear functions (adding, subtracting, multiplying or dividing all values
by same number) : mean and SD change by same function

--nonlinear functions: no simple formula—need to recalculate mean and
SD
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What is the average number of telephones in Washington Households
and how much does the number vary from the average?

Approach 1: Variance Approach 2:
Variance
#of  Frequency P(X) XP(X) | xp (xp? (xpPK | ¥ xXPEX)
Phones
X
0 198,286 0.04 0.00 18 165 0.06 0 [OHOY
i 44210808 07O S0 0°08 0.06 1 07l
2 1,278,026 0.22 0.44 07 051 0.11 4 0.87
3 ik alilig) (040 (061 7z 294 0.09 9 027
4 45,499 0.01 0.03 297 138 0.06 46 012
5 19 4738 G100 002 37 1381 Qs 25 0108
6 5dk740) (01[e]0)  (@[0kL 47 2224 G021 86E 003
7 118 0.00 0.00 57 3267 CHol) Ak (OO0
8 = oo 060 67 4510 0.00f 64 0.00
9 897 0.00 0.00 7.7 5953 001 81 @01
Sum 5,863,609 1.00 p=1.28] 32.16 6°=0.45| 2.10
MEAN:

u=E(X) = ZxP(x) = 1.28

VARIANCE:

Approach 1 above

Approach 2 continued: o® = E(x?) — E(x)* = 2.10 — (1.28)* = .45
STANDARD DEVIATION: 6=+o? =0.67

How would the mean and SD be different if we looked only at
households in our survey?

See “Characteristics of Households With and Without Telephones” for
more info.
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