Stratified Random Sampling for Proportions: An Example

First, recall from the material on estimating proportions (Chap. 5 and pp. 12-13 of notes),
the variance of the sample proportion p based on an SRS of size n is
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where p is the population proportion. The variance is estimated by

vt = (55 P

Now, suppose we have a stratified random sample from which we are going to estimate a
population proportion. If pj, is the true proportion in stratum A and, as before, N, and ny,

are the stratum size and the sample size, then the stratified estimator of p with L strata is
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with variance

Var(pg) =

The variance would be estimated by

\//‘;r(ﬁst) =

Example:

Suppose that a large area is divided into 1000 quadrats in three strata. In stratum 1, there
are 600 quadrats and it is guessed that about 50% of these contain plants of species X. In
stratum 2, there are about 370 quadrats and it is guessed that about 30% contain species X.
In stratum 3, there are 30 quadrats and it is guessed that about 10% contain species X. A
survey is to be conducted to estimate the proportion of quadrats that contain species X in
the whole population of 1000 quadrats. Compare the accuracy of simple random sampling,
stratified sampling with proportional allocation, and stratified sampling with optimal allo-

cation.

Based on the guessed percentages, the proportion of all quadrats containing species X is

90



about p = (600 x 0.5 + 370 x 0.3 + 30 x 0.1)/1000 = 0.414. The standard deviation of the
the sample proportion p based on an SRS of 100 plots would then be estimated to be:

SD(p) =

For stratified random sampling with proportional allocation, the sample sizes will be:
ny = Ng = ng =
The standard deviation of the stratified estimator (based on the guessed proportions) is then

SD(ﬁst) =

The optimum equal-cost allocation is
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where oy, is the standard deviation of the 0-1 values in stratum h. From Chapter 5, this is

Nnp h:1,2,...,L

equal to

Ny,
= 1 —pn).
Oh \/Nh — 1ph( Ph)

Calculating these quantities for the example (using the guessed proportions):
o1 =
09 =

03 =

The denominator in the allocation formula is therefore

3
Z NkO'k =
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Hence, the optimal allocation is

ny = Nog = ng =

Rounding the sample sizes to integers, the standard deviation of the stratified estimator
is then

Var (ﬁst) =

Conclusions? Is there an advantage to stratified sampling over SRS? Is there an advan-
tage to optimal allocation over proportional?

Some remarks:

1. If the cost to sample a unit is the same for all strata, then the gain from stratified

random sampling is small unless the proportions vary greatly across strata.

2. Optimum allocation is little better than proportional allocation unless some strata
proportions are outside the range 0.1 to 0.9. This is because the standard deviation of
0-1 data is proportional to /p(1 — p) which varies by less than a factor of 2 over the
range p =0.1 to 0.9.
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