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PREFACE TO THE THIRD EDITION

‘I do not think that I would be able to write any more with my
hand, but as this letter will show, I can type and I am now sufficiently
recovered to feel confident that I will be able to complete the revision
of our book in another few months.”

This is how Bal (B.V. Sukhatme) wrote to me on April 23, 1979.
Bal passed away within a week after writing this. Actually, I had
rushed from India to see him at Mayo Clinic, Rochester. He
recognised my voice and was so full of emotions that the doctor in
charge of the Emergency Room was forced to warn him to restrain
movement. It was only after I returned to India that I got his letter
of April 23.

That Bal was working hard on the third Edition was known to
his students and to his colleagues, particularly Dr. H.A. David,
Director, Statistical Laboratory, lowa State University, Ames, Iowa.

Bal had spent a month with Prof. V.P. Godambe, discussing
with him the foundations of the Sampling Theory of Surveys and
trying to think how to go about in reflecting them in the new edition
and yet maintaining essentially the same character as in the old
Editions. Bal even began teaching a modified course in sampling
theory of Surveys and as he taught, he completed the manuscript
of the first five Chapters. He was busy finalising the text of the
6th and 7th Chapters, when he was taken ill in December, 1978.

Normally, I should have had little difficulty in completing the
revision of the book, but I have been out of touch with the subject
too long. Bal’s death also raised for Dr. H.A. David the question

of making temporary arrangement to guide Ph. D. students and
completing his course of lectures, pedding new appointment in his
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place. It was agreed that I should depute Dr. C. Asok, Bal’s student,
to help in these tasks. However, the load of work proved too heavy
for Dr. Asok to complete the revision of the book.

Meanwhile, Shashikala was feeling her way in her lonely life.
As she began putting together Bal’s notes, I found her gradually
interested in the subject of sampling surveys. 1 suggested to her that
she might try her hand to complete the job which Bal left unfinished.

And to my delight, the suggestion worked. Night and day she
worked on the manuscript and completed the revision by May, 1981.
Dr. Asok on his part went through the Chapters and satisfied himself
that the revision was well done.

As this was going on, I was toying with the idea to refer the
manuscript to some well-known authority on the subject. But I
found it difficult to get anyone sufficiently senior to spare the time to
look through the manuscript. I wanted the book to be published in
the joint names of Bal, Shashi and Asok, but Dr David did not like
me to drop out. Finally, it was decided that we all should be shown
as co-authors. Asok’s association as co-author has the additional
advantage of holding assurance that he would be able to help in
future revisions as and when necessary.

The one satisfaction I have is that this revision helped Shashi to
rehabilitate herself sooner than 1 had thought. She is a lady of
tremendous will power and once she takes a thing in hand, she will
never leave it until she completes it.

To Dr H.A. David I am most grateful for all the assistance and
encouragement he gave. I feel indebted to his secretarial staff for
the enormous work they put in typing. I would also like to express
my thanks to Mr. Merritt E. Bailey, Director of the Iowa State
University Press for his continued help and encouragement in the
publication of the book.
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I am also indebted to Bal’s students, particularly Shriram
Biyani, Chand Midha, James Drew, Rick Auer and Eric Bondy, for
reading parts of the manuscript.

I am also grateful to Dr. Prem Narain, Secretary and
Drs. B.B.P.S. Goel and Shivtar Singh, Joint Secretaries of the Indian
Society of Agricultural Statistics for their continued interest in the
revision of the book and for their help in reading through proofs.

The edition has become much larger than I would have liked to
see. To include all the principal developments in theory, illustrate
them with examples and exercises and yet not allow the size to
increase, proved too large a task for us. Only Bal amongst us could
have attempted it. I feel guilty that I have not been able to play a
‘more active part. I sincerely hope that the new edition will continue
to meet the needs of students in India and abroad.

P.V. SUKHATME
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CHAPTER 1

INTRODUCTION AND BASIC CONCEPTS

1.1 SAMPLING CONCEPT

Sampling, which is the selection of part of an aggregate to
represent the whole, is frequently used in everyday life in all kinds of
investigations. Almost instinctively, before deciding to buy a lot,
we examine a few articles preferably from different parts of the lot.
Another example is provided by a handful of grain taken from a
sack to determine the quality of the grain. These are examples
wheie inference is drawn on the basis of the results obtained from a
sample.

Sampling is used most frequently in surveys. The purpose
of a sample survey is to obtain information about population. By
“population’ we understand a group of units defined according to the
aims and objects of the survey. Thus the population may consist of
all the fields under a specified crop as in area and yield surveys, all
the agricultural holdings larger than a specified size as in agricultural
survey, or all the households having four or more children as in
socio-economic surveys. Of course, the population may also refer
to human beings of the whole population of a country or a particular
sector of the country. The information that we seek about the
population is usually the total number of units such as the number
of farms in a State growing corn, aggregate values of the various
characteristics such as the total acreage undsr corn, averages of the
various characteristics per unit such as the average size of a house-
hold and proportions of units possessing specified attributes such as
the proportion of households having income above a certain level.

It is clear that it hardly matters how we draw a sample, provided
the population is homogeneous with respect to the characteristic
under study. If, however, the units constituting the population
vary considerably in respect of the characteristic under study, the
method by which we draw a sample plays a critical role and it is
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necessary to pay due attention to the selection of the sample and
drawing inference therefrom.

1.2 WHY SAMPLE ?

A sampling method is a scientific and objective procecure of
selecting units from a population and provides a sample that is
expected to be representative of the population as a whole. It also
provides procedures for the estimation of results that would be
obtained if a comparable survey was taken on all the units in the
population. No matter how good a sampling method is used to
draw a sample, it is clear that a sample can never reproduce exactly
the various characteristics of the population unless the population
itself is taken as the sample and a census (a complete enumeration
of the population) is carried out. The resulting discrepancies
between the sample estimates, and the population values that would
be obtained by enumerating all the units in the population in the
same manner in which the sample is enumerated, are termed sampling
errors. Their average magnitude will naturally depend on the
population under study, the size of the sample, the manner in which
the sample is drawn and the method of estimation. However, the
fact that sampling errors cannot be avoided should not be disturbing,
as long as these errors are sufficiently small so that the validity of
the results obtained and the conclusions drawn are not affected.

Because of limited resources by way of time, trained personnel
and money, it is generally not feasible to collect data from more
than a fraction of a population. In a sample survey, the data can
be collected and analyzed with much greater speed and the results
made available at relatively short notice which would not be
possible in the case of a census. In certain investigations, it may be
essential to use specialized equipment or highly trained field staff for
data collection, making it impossible to carry out such investigations
except on a sampling basis. For the same reason, it is possible to
employ efficient supervisory staff and exercise greater supervision
over the field work to ensure completeness of returns and reliability
of the data collected. Errors other than sampling errors such as
those arising through non-response, incompleteness and inaccuracy
of returns are termed non-sampling errors and are likely to be more
wide-spread and important in a census than in a sample survey.
Moreover, there is no way to assess these errors unlike in sample
surveys where it is possible to assess the average magnitude of the
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sampling errors. Sampling methods also provide the means of fixing
in advance the details of the survey design, such as the procedure
for selecting the sample and for choosing the sample size, in such a
manner that with a preassigned probability the average magnitude of
the sampling errors does not exceed the specified limit. In other
words, sampling methods enable us to control the precision of
sample estimates within limits fixed in advance.

1.3 SoME USES OF SAMPLING

Sampling can be used in a variety of ways. However, it is
mostly used in all kinds of surveys all over the world. Depending
upon the objectives of the survey and the purposes for which the
data may be used, sample surveys can be broadly classified into three
categories: descriptive, analytical or both descriptive and analytical.

In descriptive surveys, the object is usually to obtain some
descriptive measures with respect to the characteristics of the entire
population under study. Such surveys are very common and are
required for national planning and socio-economic development, to
collect data on agricultural production and utilization of land and
water resources, industrial production, unemployment and size of
labor force, wholesale and retail prices, income and expenditure per
household, numbers of literate persons and school-going children
and so on. On the other hand, the object in analytical surveys
is to obtain descriptive information for different sub-groups of the
population in order to test hypotheses concerning possible relation-
ships between the sub-groups. For example, in labor force surveys
one would be interested not only in knowing the average number
of hours worked per day and the wages paid but also whether men
work longer hours than women and whether they receive higher
wages than women for the same type of work.

Sampling methods are also used in population census. In fact,
cxcept for certain basic information required in respect of every
individual, data on various items such as occupation, parentage,
marriage fertility, income, migration, housing, is collected on a
sampling basis. Sampling methods are used to provide counter
checks and speed up tabulation and publication of results.

Sampling methods are used extensively in business and industry to
increase operational efficiency. They play animportantrolein problems
encountered in market research such as estimating the size of reader-
ship of news-magazines and newspapers or finding the reactions of



