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1. Introduction

This paper investigates a statistical model for groups in a social
network, which until recently has not been a major focus of analysis
in the field. A recent major review of statistical modelling work in
the field has been published by Goldenberg et al. (2009). In their
summary Chapter 6 they conclude:

Despite the many advances in network modeling over the last
decade, there remains a host of unresolved issues.  . ..  We  feel
that, from a statistics or machine learning perspective, the
biggest breakthroughs are to be made in the areas of inference
and dynamic modeling. Creating a model or perhaps fixing an
existing one in such a way that provides realistic generative and
inference mechanisms which can identifiably infer parameters
of a large real world network would make a great contribution
to the statistical network modeling community.

This paper addresses the identification of actor groups within the
framework of a two-mode or bipartite network of actors attending
events, through a statistical model in which the groups of actors
are represented by latent classes,  which are not directly observable,
but which can be probabilistically reconstructed from the event
attendance patterns of the actors.

In this process several questions are of critical importance:

• how many groups can be identified;
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• the nature of the membership of the groups, for example whether
individuals belong to one or to many groups;

• the nature of the event attendance patterns in the groups;
• whether other non-latent class models might give a better rep-

resentation of the data.

We  address these questions in a Bayesian framework, and use
recent developments in Bayesian model comparisons to illuminate
the choice among possible models. To show the application of the
approach we  use a famous data set from Davis et al. (1941) analysed
many times, as reported in Freeman (2003).

2. The Natchez women network

We  give a detailed discussion of a simple social network which
has attracted a remarkable amount of interest, and a wide variety
of approaches (21 different analyses are reported and compared in
Freeman, 2003).

It comes from a sociological study of social interactions among
women in Natchez, Mississippi in the 1930s, reported in Davis et al.
(1941, hereafter DGG). The book reported a comparative study of
social class in black and white society. One aspect of the study was
to assess the formation or existence of “cliques”, defined by the joint
participation of groups of women  in attending common events. The
network table (Fig. 1) which has caused so much interest to later
analysts is reproduced from Davis et al; it gives the presence (×)
or absence (. . .)  of 18 women  at 14 events. The women are named
and numbered by DGG, and the events are dated from newspaper
reports at the time.

The question of interest to analysts is how to describe the nature
of the association among the women, and in particular to iden-
tify, as far as possible, subsets of the women which form coherent
groups or cliques, using only their attendance at the events as data.
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Fig. 1. DGG Table 1.

It would help this identification if we knew more about the social
events than just their dates, but no further information about them
is given. We  do know that these events were not the unique social
events of the reported days, as DGG report that other women also
attended events on the same days, but not the events in this table.

2.1. The adjacency matrix

To perform any analysis we express the table elements mathe-
matically through the link or tie variable Yij, with the presence of
woman i at event j defining Yij = 1, and her absence from the event
defining Yij = 0. We  use n to denote the number of rows – women
– and r to denote the number of columns – events. The resulting
table, shown in Table 1 is the adjacency matrix, denoted by Y.

Marginal totals (T) have been added to the table, giving the total
number of events attended by each woman, and the total number
of women  attending each event.

From the adjacency matrix Y we can construct two  other sym-
metric matrices of interest: the n × n “woman-by-woman” matrix
W = YY′, and the r × r “event-by-event” matrix E = Y′Y.

These “one-mode” networks show the connections between
pairs of women through the numbers of events they have jointly
attended, and the connections between pairs of events through the
numbers of women jointly attending them.

The woman-by-woman matrix W is given in Table 2; its diagonal
elements are the numbers of events attended by each woman.

The event-by-event matrix E is given in Table 3. The diagonal
elements of E are the numbers of women  attending each event.

Table 1
Event attendance.

W E T

1 2 3 4 5 6 7 8 9 10 11 12 13 14

1 1 1 1 1 1 1 1 0 1 1 0 0 0 0 8
2  1 1 1 0 1 1 1 1 0 0 0 0 0 0 7
3  0 1 1 1 1 1 1 1 1 0 0 0 0 0 8
4  1 0 1 1 1 1 1 1 0 0 0 0 0 0 7
5  0 0 1 1 1 0 1 0 0 0 0 0 0 0 4
6  0 0 1 0 1 1 0 1 0 0 0 0 0 0 4
7  0 0 0 0 1 1 1 1 0 0 0 0 0 0 4
8  0 0 0 0 0 1 0 1 1 0 0 0 0 0 3
9  0 0 0 0 1 0 1 1 1 0 0 0 0 0 4

10  0 0 0 0 0 0 1 1 1 0 0 1 0 0 4
11  0 0 0 0 0 0 0 1 1 1 0 1 0 0 4
12  0 0 0 0 0 0 0 1 1 1 0 1 1 1 6
13  0 0 0 0 0 0 1 1 1 1 0 1 1 1 7
14  0 0 0 0 0 1 1 0 1 1 1 1 1 1 8
15  0 0 0 0 0 0 1 1 0 1 1 1 0 0 5
16  0 0 0 0 0 0 0 1 1 0 0 0 0 0 2
17  0 0 0 0 0 0 0 0 1 0 1 0 0 0 2
18  0 0 0 0 0 0 0 0 1 0 1 0 0 0 2

T  3 3 6 4 8 8 10 14 12 5 4 6 3 3 89
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