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Abstract

This chapter provides a brief overview of the various methods used for estimating sampling
errors for survey data. It is emphasized that standard statistical software packages underestimate
the sampling errors, leading to wrong conclusions regarding the parameters of interest to the
survey. This problem is solved by the use special statistical software packages that take full
account of the complex nature of the design that generated the data being analyzed. Several of
these software packages are described and compared. The preparation of data files for analysisis
also discussed.

Key Words. Complex survey design; Sampling errors, Stratification; Clustering; Unequal
probability sampling
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Chapter Six: Estimation of sampling errorsfor complex
survey data

6.1. Introduction

1 The analysis of data from household surveys in developing countries is frequently
restricted to basic tabular analysis, with estimates of means and totals, without any indication of
the precision or accuracy of these estimates. Even in nationa statistical offices with an extensive
infrastructure in statistical data collection and processing, one often finds a surprising lack of
expertise in detailled analysis of micro-level data. Many analysts are often surprised to learn, for
instance, that the clustering of elements introduces correlations among the elements that reduce
the precision of the estimates relative to the ssmple random samples they are accustomed to
analyzing; or that the use of weights in the analysis generally inflates the sampling errors; or that
the standard software packages they routinely use in their work do not account for these lossesin
precision appropriately.

2. One of the key measures of precision in sample surveys is the sampling error, an
indicator of the variability introduced by choosing a sample instead of enumerating the whole
population, assuming that the information collected in the survey is otherwise exactly correct.
For any given survey, an estimator of this sampling error can be evaluated and used to indicate
the accuracy of the estimates. For sample designs for household aurveys, which often involve
stratification, clustering, and unequal probability sampling, the forms of these estimators are
often complex and very difficult to evaluate. The calculation of sampling error for household
survey data requires procedures that take into account the complexity of the sample design that
generated the data, and that employ appropriate computer software. This chapter provides a brief
overview of methods of computing estimates of sampling error for household survey data,
including an evaluation and comparison of some publicly available specialized software for
sampling error estimation.

6.2. The pitfalls of usng standard statistical software packages to analyze
household survey data

3. The analytical objectives of well-designed household surveys have in recent times moved
beyond basic summary tables of counts or totals of parameters of interest. Analysts are now also
interested in hypothesis generation and testing or model building. For instance, instead of simply
estimating the proportion of a population in poverty or with secondary or higher education,
analysts now want to evaluate the impact of policies, or explore the way in which a key response
variable, e.g. academic performance of a school-going child, or the poverty level of a household,
is affected by factors such as region, socio-economic status, gender, and age. Answering these
types of questions requires sophisticated analyses at the household or person level, in other
words, micro-level analyses.

4, Appropriate analyses of household survey data require that sampling errors of estimates
be computed in a manner that takes into account the complexity of the design that generated the
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data. This includes stratification, clustering, unequal-probability sampling, nonresponse, and
other adjustments of sample weights (see chapter 5 for details). Standard statistical software
packages do not account for these complexities because they typically assume that the sample
elements were selected from the population by simple random sampling. As demonstrated in
chapter 5, point estimates of population parameters are impacted by the sample weights
associated with each observation. These weights depend upon the selection probabilities and
other survey design features such as stratification and clustering. Because they ignore the sample
weights, standard packages yield biased point estimates. Doing a weighted analysis with these
packages reduces the bias in the point estimates somewhat, but even then, the sampling errors of
point estimates are often grossly underestimated because the variance estimation procedure
typically does not take into account such other design features as stratification and clustering.
This means that inferences drawn from such analyses would be mideading. For instance,
differences between groups might be erroneously declared significant or hypotheses might be
erroneously rejected. Wrong inferences from the analyses of household data could have
significant implication for resource alocation and policy formulationat the national and regional
levels.

5. We now use data from the Demographic and Health survey series to illustrate the fact
that the use of standard statistical software packages can lead to biased point estimates,
inappropriate standard errors and confidence intervals, and misleading tests of significance.

(Insert DHS example here)
6.3. Methodsof sampling error estimation

6. In this section, we briefly describe some conventional methods for estimating sampling
errors for estimates based on survey data. Interested readers can obtain more details from such
references as Kish and Frankel (1974), Wolter (1985), or Lehtonen and Pahkinen (1995).
Methods for the estimation of sampling errors for household survey data can be classified into
two broad categories:

a Taylor series linearization.
b. Replication.

7. Most estimates of interest in household surveys are nonlinear. Some examples are the
average body mass index of school-age children in a country, the proportion of income spent on
housing costs in a given city, etc. In the linearization method, such nontlinear estimates are
linearized using a Taylor sries expansion. This involves expressing the estimate in terms of a
Taylor's series expansion, and then approximating the variance of the estimate by the variance of
the first-order or linear part of the Taylor series expansion. This method requires the assumption
that al higher-order terms are of negligible size. If this assumption is correct, then the variance
approximation works well; otherwise, serious biases in the estimates may result. Note that, with
the linearization approach to variance estimation, a separate formula for the linearized estimate
must be developed for each type of estimator.
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8. The replication approach refers to a class of methods that involve the taking of repeated
subsamples, or replicates, from the data, re-computing the weighted survey estimate for each
replicate, and the full sample, and then computing the variance as a function of the deviations of
these replicate estimates from the full-sample estimate. For instance, suppose k replicates are

created from a sample, each with estimates dl,qz, ...,q, of aparameter g, and suppose based on

the full sampleis qAO, then the replication-based estimate of the variance is given by

A SN
Var(@)=ca @ - do)’

r=1

where ¢ is a constant, which depends on the estimation method. The most commonly used
replication techniques are the balanced repeated replication (BRR) method and the jackknife
method. Other techniques less commonly used for this purpose are bootstrapping, the random
group method (see Wolter (1985), and various modifications of these methods. With balanced
repeated replication, forming a replicate involves dividing each sampling stratum into two
primary sampling units (PSUs), and randomly selecting one of the two PSUs in each stratum to
represent the entire stratum. The jackknife method involves removing one stratum at a time to
create each replicate.

0. The important practical difference between the two approaches is that a Taylor series
approximation must be developed analytically for each statistic, while repeated replication uses
the same basic estimation method regardiess of the statistic being estimated. Replication
techniques are computer-intensive, mainly because they require the computation of a set of
replicate weights, which are the analysis weights, re-calculated for each of the replicates selected
so that each replicate appropriately represents the same population as the full sample. Unlike the
Taylor Series method, replication methods do not require the derivation of variance formulas for
each estimate because the approximation is a function of the sample, not of the estimate. The
two approaches do not produce identical estimates of sampling error, but empirical investigations
(Kish and Frankel, 1974) have shown that for many statistics, the differences are negligible. In
the next section, we discuss the features of a survey dataset required for appropriate data analysis
by all computer software packages.

6.4. Preparation of data filesfor analysis

10. A common problem with survey data collected in developing countries is that they are
not amenable to analysis beyond basic frequencies and tabulations. There are several reasons for
this. First, there is usualy very limited or no technical documentation of the sample designs for
surveys. Second the data files often do not have the format, structure, and the requisite
information that would allow any sophisticated analysis. Third, there is sometimes a lack of
appropriate computer software and technical expertise.

11. In order for sample survey data to be analyzed appropriately, the associated database
must contain all the information reflecting the sample selection process. In particular, the
database should include appropriate labels for the sample design strata, primary sampling units,
secondary sampling units, etc. Furthermore, sample weights should be developed for each
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sampling unit in the data file. These weights should reflect the probability of selection of each
sampling unit as well as compensate for survey nonresponse and other deficiencies in the
sample. The sample weights and the labels for the design variables are required for the
appropriate estimation of the variability of the survey estimates. As mentioned in chapter 5 and
in the preceding sections of this chapter, sample weights are important not only for generating
appropriate survey estimates, but aso for the estimation of the sampling errors of those
estimates. Therefore, it is essentia that al information on weights be incorporated into the data
files. In particular, whenever nonresponse, post-stratification, or other types of adjustments are
made, the survey documentation must contain a description of these adjustment procedures.

6.5. Computer softwarefor sampling error estimation

12. The two methods of sampling error estimation have been in use for a long time in
developed countries, implemented by customized computer algorithms devel oped by governmert
statistical agencies, academic institutions, and private survey organizations. Recent advances in
computer technology have led to the development of several software packages for implementing
these techniqgues. Many of these software packages are now awailable for public use on
mainframe computers as well as personal computers. The software packages use one or the other
of the two general approaches to sampling error estimation discussed in section 6.3. Most survey
data analysis software packages produce the most widely used estimates, such as means,
proportions, ratios, and linear regression coefficients. Some software packages aso include
approximations for a wide range of estimators, such as Cox proportional hazards and logistic
regression coefficients.

13. In this section, we present a catalogue of some publicly available software for the
estimation of sampling errors for household survey data. This is not an exhaustive list of all
available programmes and packages. We restrict attention only to those packages that are
currently available on personal computers, and only commercial or documented free-ware
statistical software packages that are currently available for use by the general survey data
anayst. Each software package is briefly reviewed. No attempt is made to provide the technical
and computational procedures underlying the packages. Such details can be obtained from the
websites of the packages, and other contact information provided below.

14. The seven packages reviewed here are CENVAR, Epi Info, PC CARP, SAS, STATA,
SUDAAN, and WesVarPC. Most of these packages use Taylor series approximations to
compute sampling error estimates. The repeated replication programs in the list offer many of the
basic methods, except the bootstrap. We now provide a brief overview of each software
package, including basic contact and cost information.

6.5.1. CENVAR
(...)

6.5.2. Epilnfo

()
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6.5.3. PC CARP

()
654. SAS

()
6.5.5. STATA

(..)
6.5.6. SUDAAN

(.)
657. WesVarPC

()

6.6. Comparison of the softwar e packages

(...)
6.7. Concluding remarks

15. In this chapter, we have advocated the use of specia computer software for the
estimation of sampling errors for survey data. We have provided examples of situationsin which
serious errors are committed in the estimation of sampling errors when standard statistical
software packages are used. In genera, the use of standard statistical packages for household
survey data analysis will understate the true variability of the survey estimates. These smaller
estimates of standard error can lead to the drawing of invalid inferences from the survey data, for
instance erroneously declaring significant differences between the means of two groups or
incorrectly rgjecting a null hypothesis.

16. We have also provided a catalogue of some publicly available software packages, along
with basic contact information and an overview of their application. The lack of knowledge or
expertise in sampling error estimation is one of the impediments to sophisticated aralysis of data
in developing countries. Many analysts are not aware of the need to use specialized software or,
if aware, prefer not to do so because of the need to learn a new software package. For a more
extensive review of these and other software packages, including computer code and output for
some of the available software, see Brogan (2003).

17. Finally, it must be recognized that with rapid advances in technology, a lot of software
packages either become obsolete or are improved beyond the specifications provided in this
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review, in arelatively short time. Indeed it is possible that some of these specifications will be
obsolete by the time this handbook is published. It is therefore important to remember that the
most accurate information regarding the software packages should be obtained from their
respective manuals at the time of use.
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