
Preface

This monograph is for postgraduate students of statistics, statistical analysts,
and other professionals who are interested in the design and analysis of studies
in which responses are elicited from human subjects. Emphasis is placed on
dealing with data that arise in imperfectly conducted studies. The reasons for
imperfection include a sampling plan that cannot be implemented, measure-
ment or elicitation of information by imperfect instruments, poor motivation
of the subjects and their unwillingness to cooperate, and a multitude of other
unavoidable shortcomings in relation to textbook-like settings that would be
easy to analyse.

The subject of statistics is defined as making decisions in the presence of
uncertainty. The context of a population and one or several variables defined
for each member of this population is presented, and complete information is
at first defined as having established the values of these variables for every
member of the population. Making decisions with such complete information
is regarded as a task outside the remit of statistics and is assumed to be a
resolved problem or a problem for another profession. The raison d’être for
statistics is that the available resources (time, manpower, expertise, fund-
ing, respondents’ goodwill, and the like) are not sufficient for collecting the
complete information.

With insufficient resources, we may establish the values of the variables
for only some of the members of the population, and we may establish them
imprecisely using imperfect instruments. Estimation is defined as forming a
summary of the collected incomplete information (the data) with the purpose
of getting as close as possible to the complete-information quantity of inter-
est (the target). The quality of such a process (efficiency of the estimator)
is described in frequentist terms by the mean squared error (MSE), defined
by replications of the data-generating and estimation processes. Study design
is defined generally as doing the best that can be done with the available
resources. ‘Doing the best’ entails designing a study, implementing it (col-
lecting the data), and estimating the target with the smallest possible MSE.
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This scheme can be adapted for other forms of inference (such as confidence
intervals and hypothesis tests) and measures of quality different from MSE.

The text assumes that the reader is familiar with the basics of statistics:
the frequentist perspective; the definition of discrete and continuous distrib-
utions, including conditional and multivariate distributions; the concepts of
independence, density, and distribution function; the common classes of dis-
tributions (normal and distributions derived from it, uniform, beta, gamma,
binomial, and Poisson); sampling design and measurement process; the ele-
mentary statistical calculus (evaluating expectations and variances and fitting
ordinary regression); and hypothesis testing and confidence intervals for some
simple settings. This material is condensely presented in the Appendix, in-
tended both for revision before reading Chapter 1 and for reference throughout
the study. The exercises at the end of the Appendix are a suitable material
for an entrance or revision exam.

Chapter 1 follows the standard curriculum of the analysis of variance and
ordinary regression but parts company with the established solutions by ad-
hering to the goals of efficient estimation and unbiased assessment of the
efficiency. Chapter 2 introduces maximum likelihood as a general method of
estimation, presents the basic results (without proofs), and discusses model
selection and model uncertainty, issues broached in the previous chapter.

With limited resources, we can record the values of the relevant variables
for only some members of the population and may have to do so imprecisely.
These two forms of incompleteness lead to two general topics: survey sampling
(Chapter 3) and measurement processes (Chapter 6). Between them, Chapter
4 introduces the Bayesian perspective as an alternative to the frequentist one,
although it can be argued that there are three perspectives—model-based,
design-based, and Bayesian, introduced in the respective Chapters 2, 3, and
4.

Chapter 5 returns to the frequentist perspective to discuss data incom-
pleteness as a ubiquitous problem in implementing a design for studying a
human population and introduces methods for dealing with missing data,
data that we intended to collect but failed to. Complete information is de-
fined here as the result of a perfectly implemented study design, a dataset that
would be relatively easy to analyse. EM algorithm and multiple imputation
are presented as two generic methods for dealing with incompleteness. Some
other applications of these methods are outlined. In Chapter 6, imperfect
measurement is presented as one of them.

Chapter 7 discusses experiments and observational studies and highlights
the importance of the treatment-assignment process. Chapter 8 deals with
clinical trials and presents them as a model example of experiments, empha-
sising the key role of their design, in the context of high ethical costs. Here,
as well as in some earlier chapters, hypothesis testing is discussed, with the
criticism that it fails to integrate information about the consequences (sever-
ity) of the two kinds of error that may be committed. Model selection criteria
are subjected to similar criticism.
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Chapters 9 and 10 discuss methods for multilevel and generalised linear
models, respectively, as two indispensable elements of a statistician’s analyt-
ical (computational) armoury. Chapter 11 deals with longitudinal and time-
series analysis, treating them as applications of the methods presented in the
previous two chapters.

Chapter 12 concludes with meta-analysis, a method for summarising the
results of studies with a common or similar inferential agenda. The multi-
variate version of meta-analysis is discussed and connected to the problem of
estimating one or several of a large number of interrelated quantities.

The chapters are designed so that they can be read or studied in order,
with logical stopping points after Chapters 6, 8, and 10, which are followed by
increasingly demanding material. They are intended as both a textbook for a
semester, with some of the last few chapters optional, and a reference, with
chapters as self-contained units. Chapters 1–8 can be covered in an academic
quarter.

Several themes straddle the chapters. First among them is the view of
nonstandard problems as involving missing data. That is, the problem at
hand would be (more) tractable if some additional information were available.
With the EM algorithm and multiple imputation, this is a natural approach to
expanding the horizon of problems that we can deal with. Second is the pursuit
of efficiency (small MSE) and of honesty (unbiased estimation of MSE) in
estimation. Combining estimators (synthesis) is presented as an alternative to
model selection, and their properties are compared in several settings, starting
with the analysis of variance (ANOVA) in Chapter 1. Third is that we should
be concerned with analysis of information, not merely analysis of one dataset
at a time, and that study design is much more important than analysis. There
is no reprieve for the deficiencies in the study design, whereas a reanalysis is
a relatively inexpensive affair. The value of computing, for simulations in
particular, and graphics, for effective data exploration and to summarise the
results, is emphasised as a companion and, in some instances, an alternative,
to (mathematical) analytical effort.

Background in elementary calculus and linear algebra is assumed, and
experience in some statistical software, such as R [151] or S-plus [191], at
an introductory level at least, is essential. In the spirit of object orientation,
I tried to avoid subscripting whenever possible by defining suitable vectors
and matrices. At a slower pace, the text could be combined with a course
in R or other software for statistical analysis and graphics. Although all the
computing and graphics was prepared in R, the text has very few references to
R, and all the examples in the text, including simulations, can be reproduced
with other software. The code used for the analyses and illustrations, mostly in
the form of R functions, and the datasets for the exercises can be downloaded
from www.sntl.co.uk/BookA.

Each chapter has a few references for further reading and more detailed
study (for example, the monographs [168] for Chapter 3, [110] for Chapter
5, [113] for Chapter 9, [132] for Chapter 10, [37] for Chapter 11, and [72]
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for Chapter 12) and 16–26 exercises, some directly connected to the text
of the chapter and to its examples in particular. They range in difficulty
and complexity from those for solving within a few minutes to open-ended
problems suitable for projects for individual or small groups of students.

I have thought hard about the notation, whether to design rules that could
be used consistently throughout the book or to adhere to the conventions that
are consistent within narrow subject areas represented by the chapters but not
across them. For example, capital letters are used for population quantities
and lowercase for sample quantities in survey sampling, whereas in linear
models capital letters are used for matrices and lowercase for vectors. I have
settled for the prevailing conventions, with a few exceptions. As is common,
I use the same notation for a random variable (estimator, dataset) and its
realisation (estimate, realised dataset), but preface the latter by the term
‘value of’ whenever the two might be confused. In a few instances I simply
ran out of suitable symbols or wanted to stick to established conventions
and had to reuse some symbols. For example, β is used for both regression
parameters and the power of a selection (or a test) in Chapter 2.

I could not avoid a few forward references in the text. None of them re-
quires a detailed study of the section referred to, and when the section is
reached later, the introduction made earlier is useful because the topic is not
completely new. To smooth the text, I have set aside some mathematical
niceties in favour of terms that are commonly used, but strictly speaking are
not correct. Thus, by continuous distribution I mean throughout absolutely
continuous distribution, and every one-to-one continuous function is assumed
to be monotone.
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Satorra, and Frederic Udina, my colleagues at UPF, are acknowledged.

I had a fair number of false starts and postponed deadlines, and I want to
commend Springer-Verlag for its near-asymptotic patience.

Reading, England Nick Longford
September 2007



http://www.springer.com/978-0-387-98735-4




