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Coverage probabilities for confidence intervals based on stratified
random sampling.

1.

Introduction.

In this paper some empirical studies are presented dealing with the
quality of confidence intervals based on stratified random sampling
from finite populations. The paper should be read as a complementary
documentation to Dalen (1986), where some concepts and ideas in this
paper are presented in greater detail.

Stratification by an auxiliary variable correlated with the target
variable is intended to reduce the effective variance and skewness of
the population, thereby improving not only the precision of the
estimates but also the coverage properties of confidence intervals
based on the normal approximation. However, in many surveys you could
not find a good enough auxiliary variable to do that job well and you
therefore end up with quite skewed stratum populations anyway. In these
situations the question arises as to whether the confidence intervals
based on the normal approximation are valid and if some easy-to-use
"rule of thumb" could be formulated for this problem.

In Dalen (1986) the following statement is made:

"There are indications that a rule like

where summation is over strata, where G„.is G ? in stratum i, and w
are weights such that £ w.=l, would work satisfactorily. If a Neyman
allocation is used, w.=N.o /EN.o .seems to work in many cases". (N. is
1
2
the size and a, the variance of stratum i. K is a constant such that a
i
a
nominal 95% confidence interval based on a sample of n units

could

be counted on to have at least a % actual coverage probability.)

2.

2.

The empirical calculations

The empirical studies, presented in table 1-7, are done for populations
with four different types of strata: dichotomous, lognormal, power
function and uniform. In the lognormal, power function and uniform
cases the population consists of fixed percentiles of the corresponding
parametric distributions.
In the dichotomous case the ACPs (=actual coverage probability, defined
in Dalen (1986) are calculated exactly but in the other cases the ISACPs
(=estimàted actual coverage probability) are based on Monte Carlo
experiments with 500 random samples.

The samples are in all cases distributed according to a Neyman
allocation. Some definitions are:

N. = stratum size,
i

X..= variable value of unit i in stratum i,

n = total sample size,

E stands for summation over i from 1 to N. ,

L is number of strata and

is an indicator of the goodness of the normal
approximation used for calculating confidence intervals.

3.

Due to the many dimensions involved in this problem (number of strata,
stratum sizes, sample sizes, variances, and degrees of skewness in each
stratum), it is difficult and expensive to make extensive, systematic
studies. Those presented here should only be seen as a beginning from
which some clues could be got for further analysis.

If we use a concept of average ACP similar to that in Dalen (1986) but
now only referring to the calculated and tabled sample sizes we obtain
the following spans for the two a-levels 90% and 94% in terms of K:

(The values are extracted from tables 1-7. There the 90% average ACP
point is designated * and the 94% point * * ) .

Roughly speaking, the spans of the constant K are similar in level with
those in the simple random sampling case.

A general observation is that the ACPs for increasing sample sizes
quickly and stably rise above 90% but thereafter in a quite long interval they oscillate between, say, 91% and 96%.

3.

An example

In table 8 an example is given from the Survey on Exports and Imports
of Services, a yearly financial survey carried out by Statistics Sweden. In the survey there are three principal parameters to estimate:
total exports, total imports and total exports minus total imports. The
population consists of around 60 000 enterprises among which a stratified random sample of 2 300 units is drawn.

4.

We have done calculations on five consecutive surveys: from 1980 to
1984 for the three parameters. In the sample we have estimated G„ in
each stratum by

A weighted mean is calculated over all sampled strata (not take-all):

and so is a k-value based on it:

These k-values now serve as instruments for a judgment on the coverage
properties of the standard 95% confidence intervals calculated from
these surveys.

We must carefully note the difference between g in this real-life example and G in the studies of parametric distributions above, g is an
estimated property based on sample third moments and is very sensitive
to the presence or absence of large population units in the sample.

But when it comes to practical applications data like those in table 8
are all you have. Having data from several years instead of just a
single survey makes things easier. If, as in this case, most of the
k-values are above 10, we should be able to feel quite confident that a
nominal 95% confidence interval for any of the three parameters of
interest has at least a 90% coverage probability.

5.

4.

Conclusion

Until more research in this area is done, the following "rule of thumb"
may be applied for stratified random sampling, where approximate Neyman
allocation is used:
For k-values below 5 the normal approximation is
generally not reliable. Between 5 and 20 it is
useful at least as a crude approximation. For kvalues above 20 the normal approximation should be
quite good. In applying this rule it is essential
to have many observations on k and not just a
single one.

2
k should be based on an average gj>

calculated over all sampled strata (not the takeall strata) and in no sampled stratum should the
sample size be close to the population size.
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