STATISTICS FOR BIOINFORMATICS SPRING 2001, SPEED/YU
Lecture 5: Random Sampling, Sampling Distribution

References: Nolan/Speed - Chapter 2, Pitman - Section 2.5

Sampling Survey: estimate numerical features of a population from a sample. To mini-
mize sampling bias, it is impartial and objective to use probability methods to sample from
a population.

e.g. Gallup polls before elections, telephone surveys about commercial products

Sampling is needed because of limited resources (time, money, etc).

A USEFUL WAY TO THINK ABOUT THE SAMPLING PROCESS is through the Box
Model
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‘ ‘ Interest: m = proportion of 1’s in the box

N = # tickets = # voters

How to sample? or How to draw tickets out?

Simple Random Sampling (SRS) - the most basic . ..

e SRS = sampling without replacement
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X1, Xy very dependent (correlation negative) and have the same marginal distribution

(1/2, 1/2).
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N = 1000, # = 1/2 and n = 2. X;, X3 not that dependent (correlation negative,
small) and have the same marginal distribution (1/2, 1/2).
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Letn =2, G =8, B=2:
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Note: Y, = X; + X,

Population Parameter (of interest)

=N proportion of “bad” products
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1 0 Estimator 7, = X, is a sample statistic
Xy Xy
N=B+G 7, varies depending on the sample

What do we know about #,? or equivalently, X, or ¥,,? They are random variables coming
from sampling. Their distributions are called “sampling distributions”.

In particular,

In general,

E(X) = Zmipr(X = ;)
Var(X) = E[X — E(X)]?
— B(XY) (X))

Population: “box”
Population parameter:
eg. p== >N, z; population mean

ol =< SN (zi — p)? population variance
population units with
population characteristics

X, X | v X,

N = population size



For the sample,

e sample units
e sample size n
o sample statistic: e.g. X, X,, ...
s? = - i 1 zn:(XZ - X,)? sample variance
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Two equivalent ways to carry out SRS:

1.
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Each ticket has the same chance
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Theorem: Xi, ..., X, - sampling without replacement
() F(%) = u

(i) Var(X,) = 10?2+ ”n;lCov(Xl,Xg)

n

Proof: Use the second way to carry out SRS that is symmetric. Then

(i) Xi, ..., X, have the same distribution as X;

E(X,) =E(X;) = %;mz =pu

(i1) (X, Xk), 7 # k, have the same distribution.
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Moreover, Cov(Xy, X3) = —%. Hence
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N 1 is known as the correction factor.






