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He hides his faults, the pseudo-wise,
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PRELIMINARIES

1.1

INTRODUCTION

Our behavior, attitudes, and sometimes actions are based on samples. We may gener-
alize on the basis of a sample of size one—for instance, our likes or dislikes of foreign
dishes, nationals, or countries. Such a sample is not likely to be representative of the
whole population. What size sample should we draw, then? The size of the sample
depends on the accuracy we need.

Sampling is widely used in the modern world. The statistical office of the United
Nations has sample surveys conducted by member nations on topics of interest such
as unemployment, size of labor force, and water consumptions. Sampling is useful in
inventories and marketing of products. Airlines and Federal Reserve boards apportion
money on the basis of samples of records. Public polls brought sampling techniques
to the attention of the public, but surveys have proved to be a useful and important
technique for the past several hundred years.

1.2 A BRIEF HISTORY OF SURVEY SAMPLING

An early contribution to sampling theory was made by the French mathematician
P. S. Laplace, who tried to estimate the population of France using the theory of ratio
estimation and the reported births for all areas and counts of inhabitants in a purposive
sample of parishes. He also gave a measure of the sampling error under simplified

1
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assumptions (see Cochran (1978)). Early in the twentieth century A. A. Tschuprow, a
Russian statistician, was active in the International Statistical Institute’s (ISI) discus-
sions of the representative method. He also developed early theory of sampling and
obtained a solution to the problem of optimum allocation of a sample to the various
strata (see Tschuprow (1923)). In 1924 the ISI set up a commission which presented its
report on the representative method in statistics in 1926. In its memoranda, the com-
mission defined the method of random selection and ‘purposive selection’ (the latter
is named for using groups of elements as sampling units). The statistician who brought
the concept of randomization to the fore was A. L. Bowley (1926), who developed (1)
the notion of a ‘frame’ (i.e., a complete list of the units in the population serving as
sampling units); (2) a theory for proportionate stratified sampling, and (3) a theory for
purposive selection.

R. A. Fisher developed the theory of experimental design and analysis for an-
alyzing data from field trials. Fisher’s theory consists of six principles, which include
replication, local control, and randomization. Randomization was used to minimize the
bias of the selection procedure. F. Yates (1946) and others at the Rothamsted Experi-
mental Station developed the theory of sampling clusters of elements and of multistage
sampling. J. Neyman'’s presentation of a paper in 1934 at a meeting of the Royal Sta-
tistical Society provided a catalyst for promoting theoretical research, methodological
developments, and applications of probability sampling. He presented new sampling
designs. He developed the optimum allocation of sampling units to strata quite in-
dependently of Tschuprow. At the invitation of W. E. Deming, Neyman gave a series
of lectures in Washington, D.C., in 1937. During one of the lectures M. Friedman and
S. Wilcox posed a problem which fell in the domain of double-sampling or two-phase
sampling considered by Neyman (1938).

The above developments had a tremendous impact in the United States. The
poor predictions made by the Literary Digest and the success of the Gallup Poll in
forecasting the 1936 presidential election have focused attention on the value of survey
sampling. In 1942 the sample survey of unemployment was transferred to the Bureau
of Census, which made some far-reaching changes in survey design, introducing the
use of probability sampling at all stages of sampling and ratio estimation. Also the
Department of Agriculture launched a program of research and, as a part of it, a research
group was established at the Statistical Laboratory of the Iowa State University. W. G.
Cochran, who worked with F. Yates at the Rothamsted Experimental Station, joined that
group in 1939 and made significant contributions to sampling theory and design. The
new developments influenced the efforts of P. C. Mahalanobis at the Indian Statistical
Institute and P. V. Sukhatme and V. G. Panse at the Indian Council of Agricultural
Research. The Indian school made significant contributions to the survey sampling
theory and methodology and, in particular, the control of nonsampling errors in sample
surveys. The impact was also felt in Europe with contributions by P. Thionet in France,
O. Anderson and H. Kellerer in Germany, and T. Dalenius in Sweden. For further
details on the history and early developments of sample surveys the reader is referred
to Hansen, Dalenius, and Tepping (1985) or Bellhouse (1988).
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1.3 SAMPLING DESIGNS AND AN OVERVIEW OF SAMPLING

Sample design determines the precision of the estimates. Thus, the way a sample is
drawn is as important as the mathematical form of the estimator. Sample design consists
of both a sample selection plan and an estimation procedure. Each of these has several
features: first we have to define sampling units (primary, secondary, etc.); sample
schemes, such as simple random sampling (with or without replacement), stratified
sampling, double sampling, multistage sampling, cluster sampling, and systematic
sampling; optimum allocation of sampling units to various strata; and sampling with
varying probabilities.

We try to estimate the population parameters by linear estimates. We can incor-
porate auxiliary information into the ratio estimates and regression estimates. @We
try to linearize nonlinear estimators (for example, ratio estimators) before we compute
their variances. Also, an important effort in sample surveys is to control and minimize
nonresponse errors. For a list of existing procedures, recommended alternatives, and
a proposal for additional research the reader is referred to the panel on Incomplete
Data of the Committee on National Statistics (1983). Also for further references on
nonsampling errors see Neter and Waksburg (1964) and Mosteller (1978).

Regarding the foundations, Godambe (1955) formulated a general mathematical
theory for survey sampling from finite populations. He showed that no uniformly best
linear unbiased estimator exists. However, this does not invalidate the theory of Ney-
man allocation, because Godambe (1955) defines “linear” in a different fashion. The
concept of a super population was devised in order to assert certain properties (such
as unbiasedness) of estimators. Such a model can provide an effective guide to sample
design within the premise of probability sampling. If the model is not correct, the
estimates may be seriously biased and the confidence coefficient associated with the
confidence interval may be less than the nominal coefficient. For an illustration see
Hansen, Madow, and Tepping (1983). Some of the open problems are how to further
control nonsampling errors, find the rate of convergence in asymptotic properties, and
ensure privacy of response in sample surveys.

1.4 INGREDIENTS OF A SURVEY

Sample surveys can be classified as (1) descriptive, and (2) analytical. In a descriptive
survey, for example, we study the proportion of the population watching a certain
television program, or the proportion of people afflicted by a certain disease. In analyt-
ical surveys we compare groups and employ statistical techniques in order to estimate
population parameters (pointwise or by intervals). Most of the surveys available at,the
United Nations fall in the descriptive category. Carrying out a survey may be easy if
the people or subjects are well defined and well organized. For instance, taking a survey
of inhabitants in a city is much easier than taking a survey of inhabitants who can be
reached only by water or who are suspicious of strangers or who are homeless.



