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Preface

Surveys and samples sometimes seem to surround you. Many give valuable infor-
mation; some, unfortunately, are so poorly conceived and implemented that it would
be better for science and society if they were simply not done. This book gives you
guidance on how to tell when a sample is valid or not, and how to design and analyze
many different forms of sample surveys.

The book concentrates on the statistical aspects of taking and analyzing a sample.
How to design and pretest a questionnaire, construct a sampling frame, and train field
investigators are all important issues, but are not treated comprehensively in this book.

I have written the book to be accessible to a wide audience, and to allow flexibility
in choosing topics to be read. To read most of Chapters 1 through 6, you need to be
familiar with basic ideas of expectation, sampling distributions, confidence intervals,
and linear regression—material covered in most introductory statistics classes. These
chapters cover the basic sampling designs of simple random sampling, stratification,
and cluster sampling with equal and unequal probabilities of selection. The optional
sections on the statistical theory for these designs are marked with asterisks—these
sections require you to be familiar with calculus or mathematical statistics. Appendix
B gives a review of probability concepts used in the theory of probability sampling.

Chapters 7 through 12 discuss issues not found in many other sampling textbooks:
how to analyze complex surveys such as those administered by the United States
Bureau of the Census or by Statistics Canada, different approaches to analyzing
sample surveys, what to do if there is nonresponse, and how to perform chi-squared
tests and regression analyses using data from complex surveys. The National Crime
Victimization Survey is discussed in detail as an example of a complex survey. Since
many of the formulas used to find standard errors in simpler sampling designs are
difficult to implement in complex samples, computer-intensive methods are discussed
for estimating the variances.

The book is suitable for a first course in survey sampling. It can be used for a class
of statistics majors, or for a class of students from business, sociology, psychology, or
biology who want to learn about designing and analyzing data from sample surveys.
Chapters 1 through 6 treat the building blocks of sampling, and the sections without
asterisks in Chapters 1 through 6 would provide material for a one-quarter course on

iii



Xiv Preface

sampling. In my one-semester course, I cover sections without asterisks in Chapters
1 through 8, and selected topics from the other chapters. The material in Chapters 9
through 12 can be covered in almost any order, and topics chosen from those chapters
to fit the needs of the students.

Exercises in the book are of three types: exercises involving critiquing and ana-
lyzing data from real surveys, or designing your own surveys, expose you to a variety
of applications of sampling; mathematical exercises (indicated by asterisks) develop
your theoretical knowledge of the subject; and exercises using SURVEY allow you
to experiment with different sample designs without having to collect all the data in
the field. The computer program SURVEY, developed by Professor Ted Chang of the
University of Virginia (Chang, Lohr, and MacLaren, 1992), allows you to generate
samples on the computer from a hypothetical population. The SURVEY exercises
allow you to go through all the steps involved in sampling, rather than just plug num-
bers into a formula found earlier in the chapter. A disk that includes the data sets and
the SURVEY program is provided with the book .

You must know how to use a statistical computer package or spreadsheet to be
able to do the problems in this book. I encourage you to use a statistical package
such as Splus, SAS, or Minitab, or to use a spreadsheet such as Excel, Quattro Pro, or
Lotus 1-2-3 for the exercises. The package or spreadsheet you choose will depend on
the length and level of the class. In a one-quarter class introducing the basic concepts
of sampling, a spreadsheet will suffice for the computing. Some exercises in the later
chapters require some computer programming; I have found that Splus is ideal for
these exercises as it combines programming capability with existing functions for
statistical analysis. Sampling packages such as SUDAAN (Shah et al., 1995) and
WesVarPC (Brick et al., 1996), while valuable for the sampling practitioner, hide the
structure behind the calculations from someone trying to learn the material. I have
therefore not relied on any of the computer packages that exist for analyzing survey
data in this book, although various packages are discussed in Section 9.6. Once you
understand why the different designs and estimators used in survey sampling work
the way they do, it is a small step to read the user’s manual for the survey package
and to use the software; however, if you have only relied on computer packages as a
black box, it is difficult to know when you are performing an appropriate analysis.

Six main features distinguish this book from other texts intended for students
from statistics and other disciplines who need to know about sampling methods.

s The book is flexible for content and level. Many sampling courses have students
with a wide range of statistical knowledge. By appropriate choice of sections, this
book can be used for an audience of undergraduates who have had one introductory
statistics course or for a first-year graduate course for statistics students. The book
is also useful for a person doing survey research wanting to learn more about the
statistical aspects of surveys and to learn about recent developments. The exercises
are flexible as well. Some of the exercises emphasize mastering the mechanics. Many,
however, encourage the student to think about the sampling issues involved, and to
understand the structure of the sample design at a deeper level. Other exercises are
open-ended, and encourage the student to explore the ideas further.

= Ihave tried to use real data as much as possible—the Acme Widget Company
never appears in this book. The examples and exercises come from social sciences,
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engineering, agriculture, ecology, medicine, and a variety of other disciplines, and
are selected to illustrate the wide applicability of sampling methods. A number of the
data sets have extra variables not specifically referred to in text; an instructor can use
these for additional exercises or variations.

» I have incorporated model-based as well as randomization-based theory into the
text, with the goal of placing sampling methods within the framework used in other
areas of statistics. Many of the important results in the last twenty years of sampling
research have involved models, and an understanding of both approaches is essential
for the survey practitioner. The model-based approach is introduced in Section 2.8 and
further developed in successive chapters; however, those sections could be discussed
at any time later in the course.

s Many topics in this book, such as variance estimation and regression analysis of
noindent complex surveys, are not found in other textbooks at this level. The compre-
hensive sampling reference Model Assisted Survey Sampling, by Siarndal, Swensson,
and Wretman is at a much higher mathematical level.

n This book emphasizes the importance of graphing the data. Graphical analysis
of survey datais often neglected because of the large sizes of data sets and the emphasis
on randomization theory, and this neglect can lead to flawed data analyses.

» Design of surveys is emphasized throughout, and is related to methods for ana-
lyzing the data from a survey. The philosophy presented in this book is that the design
is by far the most important aspect of any survey: no amount of statistical analysis
can compensate for a badly-designed survey. Models are used to motivate designs,
and graphs presented to check the sensitivity of the design to model assumptions. For
example, in Chapter 2, the usual formula for calculating sample size is presented. But
a graph is also given so that the investigator can see the sensitivity of the sample size
to the assumed population variance.

Many people have been generous with their encouragement and suggestions for
this book. I am deeply in their debt, although I reserve any credit for the book’s short-
comings for myself. The following persons reviewed or used various versions of the
manuscript, and provided invaluable suggestions for improvement: Jon Rao, Eliza-
beth Stasny, Fritz Scheuren, Nancy Heckman, Ted Chang, Steve MacEachern, Mark
Conaway, Ron Christensen, Michael Hamada, Partha Lahiri, and several anonymous
reviewers: Dale Everson, University of Idaho; James Gentle, George Mason Univer-
sity; Ruth Mickey, University of Vermont; Sarah Nusser, [owa State University; N. G.
Narasimha Prasad, University of Alberta, Edmonton; and Deborah Rumsey, Kansas
State University. I had many helpful discussions with, and encouragement from, Jon
Rao, Fritz Scheuren, and Elizabeth Stasny. David Hubble and Marshall DeBerry pro-
vided much helpful advice on the National Crime Victimization Survey. Ted Chang
first encouraged me to turn my class notes into a book, and generously allowed use
of the SURVEY program in this book. Many thanks go to Alexander Kugushev, Car-
olyn Crockett, and the production staff at Brooks/Cole for their help, advice, and
encouragement. Finally, I would like to thank Alastair Scott, whose inspiring class
on sampling at the University of Wisconsin introduced me to the joys of the subject.

Sharon L. Lohr
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