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Preface

In the mid 1980's a number of researchers began to see how to introduce systematic
approaches to the statistical modelling and analysis of hierarchically structured data.
The early work of Aitkin et a (1981) on the teaching styles data and Aitkin's
subsequent classic work with Longford (1986) initiated a series of developments that,
by the early 1990's had resulted in a core set of established techniques, experience and
software packages that could be applied routinely. These methods and further
extensions of them are described in this book and are coming to be applied widely in
areas such as education, epidemiology, geography, child growth, household surveys and
many others.

In addition to the first edition of the present text (Goldstein, 1987b), two expository
volumes appeared in the early 1990’s. That by Bryk and Raudenbush (1992) discusses
2 and 3-level linear multilevel models with applications especially to educational data
and aso to repeated measures designs. Longford (1993) gives a more theoretically
oriented account and includes additionally discussion of a multilevel factor analysis
model, models with categorical responses and multivariate models. The present volume
aims to integrate existing methodological developments within a consistent terminology
and notation, provide examples and explain a number of new developments, especially
in the areas of discrete response data, time series models, random cross classifications,
errors of measurement, missing data and nonlinear models. In many cases these
developments are the subject of continuing research, so that we can expect further
elaborations of the procedures described.

The man text seeks to avoid undue datistica complexity, with methodological
derivations occurring in appendices. Examples and diagrams are used to illustrate the
application of the techniques and references given to other work. The book is intended
to be suitable for graduate level courses and as a genera reference.

Harvey Goldstein
August, 1994

Preface to thefirst Internet edition

It isnow nearly 5 years since the second edition was completed. Since then there have
been many developments; in methodology, in applications and in computation. A new
edition of Multilevel Statistical Models is now being planned and it will incorporate
these developments. In the meantime the second edition has been corrected and one or
two topics amplified, with some additional references. This edition does not contain a
subject index; readers can search the text electronically for topics. Information about
current issues in multilevel modelling can be obtained from the folowing web site
which has further useful links; www.ioe.ac.uk/multilevel/ .

Harvey Goldstein
h.goldstein@ioe.ac.uk
April 1999
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Notation

The following definitions refer to a 2level model. The extension to three and higher
level modelsis usually straightforward. Where thisis not clear, athree level definition
isincluded.

Definition Symboal
Response variable vector Y
Explanatory variable design matrix X

Fixed part explanatory variable design matrix fora X foralevel 1 unit

single unit X; foralevel 2 unit

(o]

Vi = A Vi
h=

Total residuals at each level for a3-level model _ g )

Ui = A Undk
h=0
g

G = enijkzt%)k
h=0

Explanatory variable design matrix for level 2and 7@ = 7z®
level 1 random coefficients

Predicted value from fixed part of model )‘i”. = X;b = (Xb),
Raw or total residua for level 1 unit 37”. =Y, - )‘5”.
Mean raw residual for level 2 unit o _1lg_
Vizpay
ji=

Estimated residual or posterior residual estimate g, &

Covariance matrix of random coefficients at level W, W={W.}
i

Parentheses denoting vector or matrix of elements  {}

Covariance matrix of response vector for klevel V, orjust V
model

Contribution to covariance matrix of response V,;, orjust V,
vector from level i for k-level model

Direct sumof matrices A,...., A,
A
A

Kronecker product of conformable matrices A, A,  AA A



VeC operator on matrix A

Cluster

Design matrix

Explanatory variable

Fixed part

Level

Level n variation

Nesting
Random part

Response variable
Unit

vec( A)

Glossary

A grouping containing 'lower level' elements. For
example in a sample survey the s& of households in a
neighbourhood.

In the fixed part of the model, the matrix of values of the
explanatory variables X . In the random part the matrix
of explanatory variables Z .

Also known as an ‘independent’ variable. In the fixed
part of the model usually denoted by X and in the random
partby z.

That part of a model represented by Xb, that is the
average relationship.

A component of a data hierarchy. Level 1 is the lowest
level, for example students within schools or repeated
measurement occasions within individual subjects.

The variation of level n unit measurements about the
fixed part of amodel.

The clustering of unitsinto a hierarchy

That part of a modd represented by Zu, that is the
contribution of the random variables. at each level.

Also known as a‘dependent’ variable. Denoted by y .

An entity defined a a level of a data hierarchy. For
example an individual student will be a level 1 unit
within alevel 2 unit which isaschool.



