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1. INTRODUCTION

At once a connection between micro and macro level social theory as
well as an epistemic link between abstract concepts and empirical re-
search, network models offer a powerful framework for describing social
differentiation in terms of relational patterns among actors in a system.
This chapter is an analytical synopsis of such models.

Purpose limits scope. Causes and consequences of social differenti-
ation are topics set aside for other chapters, as are the many substantive
applications of network models, the complete range of proposed network
models, and the various problems of using alternative algorithms to apply
network models. References to other reviews are given where appropri-
ate, and a detailed elaboration of the principal ideas in this paper is given
elsewhere (Burt 1981).

Network analysis is not a single corpus of knowledge cumulating with
each passing year. Anyone reading through what purports to be a “net-
work” literature will readily perceive the wisdom of Barnes’ (1972)
analogy between that literature and ““a terminological jungle in which any
newcomer may plant a tree.” A loose federation of approaches, progress-
ing on many fronts as a result of the efforts of many persons, is currently
referenced as network analysis. My effort here to discuss these separate
fronts without forcing them into a single perspective is not intended to
encourage past parochialisms. By making distinctions among separate
approaches, I hope to highlight their conceptual complementarity so as
to make more apparent their relative strengths.
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80 NETWORK MODELS

I have found it useful to discuss models of network structure in terms
of a six-fold typology defined by two axes: the aggregation of actors in
a unit of analysis versus the frame of reference within which actors are
analyzed. As an overview of the chapter, Table 1 presents types of
models to be discussed in each of the six analytical modes.

Three levels of aggregation are distinguished across Table 1. At the
highest level, some network models treat relations among all actors in a
system as a single unit of analysis. Other models describe the relations
in which one actor is involved so that the individual is the unit of analysis.
Between these extremes there are models that aggregate actors into
network subgroups so that subgroups within a system can be compared
as units of analysis.

Table1 Concepts of network structure within each of six modes of network amalysis

Actor aggregation in a unit of analysis

Analytical Approaches Multiple actors/
Multiple actors as subgroups as a
Actor a network subgroup structured system
Relational personal network primary group as a system structure as
as extensive, dense network clique: aset  dense and/or
and/or multiplex of actors connected transitive
by cohesive relations
Positional occupant of a status/role-set as a system structure as a
network position as network position: aset stratification of
central and/or of structurally equiva- status/role-sets
prestigious lent actors

At each level of aggregation, Table 1 distinguishes two analytical
approaches within which network models have been proposed. These
approaches differ in the frame of reference within which an actor is
analyzed. In a “relational” approach, network models describe the inten-
sity of relationship between pairs of actors. Network models within a
“positional” approach describe the pattern of relations defining an ac-
tor’s position in a system of actors. The relational approach fosters
models in which an actor’s involvement in one or a few relations can be
described without attending to his many other relations. The positional
approach fosters models in which an actor is one of many in a system
of interconnected actors such that all defined relations in which he is
involved must be considered. Models in both the relational and position-
al approaches purport to describe networks of relations, but they do so
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from the perspective of very different intellectual traditions. By focusing
on aspects of social differentiation emphasized in these different tradi-
tions, the relational approach generates network models quite distinct
from those generated by the positional approach. As discussed below,
and somewhat cryptically summarized in Table 1, the relational ap-
proach develops social-psychological concepts of differentiation. Net-
work structure is described in terms of the typical relations in which
individuals are involved and the extent to which actors are connected
within cohesive primary groups as cliques. The positional approach deve-
lops more sociological and anthropological concepts of differentiation.
Network structure is described as interlocked, differentially prestigious,
status/role-sets, in terms of which actors in a system are stratified.

Before introducing any models, however, I briefly introduce the data
that network models purport to describe. This aside is useful for
two reasons: (a) It makes explicit the scope and some of the primi-
tive concepts of network models. (b) It provides a setting for dis-
tinguishing models that generate data from models of network structure
per se.

2. THE DATA DESCRIBED BY MODELS OF
NETWORK STRUCTURE

Network models describe the structure of one or more networks of
relations within a system of actors. Specific models can focus on specific
aspects of structure in these multiple networks, but at a maximum, the
data described are elements in K (1 < K) matrixes; Z,, Z,, ... Zg, of
order (N,N) in a system of N actors where the relation from actor J to
actor I within network K is zj, element (j,i) in Zx. When models
describe a single network of relations, I refer to zj; without the third
subscript. Further, the availability of multiple networks removes the need
for relations being negative so there is no loss in assuming all relations
to be nonnegative (z;x > 0). The models to be discussed take as exoge-
nous “networks of relations” in a “system of actors.”

Systems of Actors

There is no micro or macro level of analysis inherent in network data;
however, such data are typically gathered on small systems of actors. The
N actors can be persons, informal groups, or formal corporate groups, but
popular research designs for gathering network data are intended to
obtain information on all relations among the N actors. Systems with
clear boundaries (e.g. students in a classroom) are put to one side; the
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remaining systems are often defined empirically by combined positional
and snowball sampling. A “core” set of actors is located by their promi-
nent positions in the system to be studied. Each actor in this positional
sample is then asked to indicate other actors who are significant in the
system. Via successive interviews, the original sample “snowballs” into
a final sample. Coleman (1958) and Erickson (1978) review these and
other chain methods (cf Killworth & Bernard 1978 on small-world data
and for applications of chain methods; Travers & Milgram 1969, Erick-
son & Kringas 1975, Klovdahl et al 1977, Lin et al 1978). Actors here
can be defined at a micro or macro level: employees in a bureaucracy
(Lincoln & Miller 1979), elites in a community (Hunter 1953; Freeman
1968; Laumann & Pappi 1976; Laumann et al 1977; Burt 1977¢; Breiger
1979), elites in an invisible college (Crane 1972; Breiger 1976; Mullins
et al 1977; Burt 1978a), large corporations in a community (Perrucci &
Pilisuk 1970; Galaskiewicz & Marsden 1978; Laumann et al 1978; Galas-
kiewicz 1979), or nations in a world system (Snyder & Kick 1979).
Although systems usually consist of fewer than 100 distinct actors, some
involving up to 1000 actors have been described even though such sys-
tems are quite expensive to analyze (Kadushin 1974; Mariolis 1975;
Sonquist & Koenig 1975; Alba & Moore 1978).

There have been efforts to estimate population network parameters
with statistics computed from data on a random sample of actors. Good-
man (1961) combines an initial random sample of actors with snowball
sampling to estimate the number of persons who will be named in the
snowball sampling and the number of reciprocated relations in the popu-
lation. Procter (1967) and Frank (1978, 1979) use data on a random
sample to estimate the extent to which actors in a population are involved
in relations. Building on Frank’s work, Granovetter (1976) offers an
estimator of population network density: the average relation between
any two actors in the population. Alternatively, traditional survey re-
search designs have been used to describe the prevalence of different
types of relations in a large population and the attributes of persons
involved in each type of relation (Laumann 1973; Fischer et al 1977,
Verbrugge 1977, 1979; McCallister & Fischer 1978; Wellman 1979).
Combining the data-collection strategy of Fischer with Blau’s (1974)
treatment of attributes as structural parameters, Burt (1979c) presents
one method of using survey interviews with a random sample to deter-
mine and estimate relations among status groups in a large population.
If status groups can be given prior to sampling, however, then actors can
be sampled as occupants of status groups rather than as individuals. With
the usual advantages of stratified sampling, relations within and between
status groups can be estimated from data on actors within each group.
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Beniger (1976) describes a method for estimating relations between
groups in a large population from a random sample of persons in each
group. By aggregating actors into status groups, investigators have ob-
tained network data on populations as large as a community (Laumann
1966; Laumann & Pappi 1976; Burt et al 1980), the US economy (Pfeffer
1972; Burt 1979a, 1980a), and the United States during a 96 year period
(Burt 1975; Burt & Lin 1977).

Although recent developments in network sampling are promising,
they are preliminary. The network concepts that can be estimated in
large systems are quite rudimentary and/or have not been used exten-
sively in substantive research (see the exchange between Granovetter
1976 and Morgan & Rytina 1977). For the purposes here, I sidestep the
question of network sampling. I assume that, by one method or another,
it is feasible to obtain network data on all N actors in a system.

Networks of Relations

The relation from actor J to actor I within network K, zj;, has a form
and a content.! The form of zj; is a measure of the strength of the relation
from J to I that it represents. Its content is the type of relation that it
represents. Network K consists of all relations with the content of zj;.
For example, z;x would be found in a network of social relations if it
referred to J’s tendency to initiate informal social interactions with I
The K networks in a system refer to the relational contents in terms of
which the system is stratified: social relations, economic relations,
kinship relations, and so on. Distinctions among relational contents are
not well understood at a general level. Once network data are gathered
on K networks, however, there are models (discussed below) for
describing the extent to which relations in two or more networks are
redundant.

Within a network, the form of z;; has been measured in two manners:
the strength of the link from J to I, and their level of joint involvement
in the same activities. As a notational convenience here, I use the symbol

!An early source for this distinction between the form of a relation and its content is
Simmel (1917:40-41): “Everything present in the individual ... in the form of drive,
interest, purpose, inclination, psychic state, movement—everything that is present in them
in such a way as to engender or mediate effects upon others or to receive such effects, I
designate as the content, as the material as it were, of sociation. ... They are factors in
sociation only when they transform the mere aggregation of isolated individuals into
specific forms of being with and for one another—forms that are subsumed under the
general concept of interaction.” In his widely cited introduction to network analysis,
Mitchell (1969:12) makes a similar distinction between form and content as morphological
and interactional characteristics of a network (cf Mitchell 1974:288).
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z;; to reference a relation from J to I. The zj; in one equation need not
equal z; in another equation.

Given N actors and M activities, relations among the actors as well as
among the activities are implied by an (N,M) matrix 4 where element
a; equals one if actor I is involved in activity J and zero otherwise. An
(NV,N) matrix representing relations among actors is given as:

Z = AA, 1.

where element zj; is the number of activities in which actors I and J are
simultaneously involved. An (M,M) inter-activity network is given as:

Z = A'A, 2.

where element z;; is the number of actors simultaneously involved in
activities I and J. Breiger (1974) provides a cogent discussion of the dual
networks implied by the matrix 4. Networks of joint activities have been
used for some time in diverse substantive areas. The most common use
of A is in network studies of interorganizational relations as corporate
directors and officers interlocking separate organizations (e.g. Perrucci
& Pilisuk 1970, Levine 1972, Allen 1974). Where the N actors are
individuals and the M activities are corporate boards of directors, z; in
equation 1 is the number of corporations for which persons I and J are
simultaneously directors, and z; in equation 2 is the number of persons
simultaneously sitting on the boards of corporations I and J. Other
examples of joint involvement are joint memberships in professional
associations (Coleman et al 1966, Laumann et al 1974), joint prominence
in newspaper articles or community issues (Burt & Lin 1977; Burt et al
1980), joint membership in informal social groups (Coleman 1961; Bona-
cich 1972b; Alba & Kadushin 1976), and joint involvement in the deter-
mination of events (Coleman 1972, 1973; Marsden & Laumann 1977;
Marsden 1979). Asymmetric Z matrixes are discussed by Coleman,
Marsden, and Burt & Lin.

More often than not, the strength of the link from J to I is derived from
binary sociometric choices.? Taking their name from Moreno’s (1934,
1960) development of sociometry, sociometric questions are asked of
each of the N actors in a system: “Who are your best friends?”” “From
whom do you most often seek advice?” “With whom do you most often

2It is not impossible, however, to find network models describing relations observed
directly (e.g. Bernard & Killworth 1977) or coded from archival records. For example, zj;
has been estimated as the citation or acknowledgment scientist J makes in articles of his
to scientist I (e.g. Crane 1972; Mullins et al 1977), as the dollars of sales by firms in
economic sector J to those in economic sector I (e.g. Pfeffer 1972; Burt 1979a, 1980a),
and as the number of persons migrating from one geographic area to another (e.g. Jedlicka
1979).
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discuss personal problems?”” Answers to these questions can prescribe a
fixed number of choices, allow any number of choices, or ask for a
ranking of choices. Arguments for specific question styles are available
(e.g. Holland & Leinhardt 1973; Hallinan 1974a:23-30; Killworth &
Bernard 1974; Bernard & Killworth 1977); however, the chapter by
Lindzey & Byrne (1968) remains the most general review of sociometric
measurement. Paraphrasing their (pp. 445-56) discussion of Moreno’s
original prescriptions for sociometric questions provides five useful
guidelines for gathering choice data:3 (a) System boundaries should be
made clear to respondents. (b) “Under many circumstances it is
preferable to specify the number of choices to be made.” (¢) Respondents
should be asked to indicate the individuals they choose or reject in terms
of specific criteria—i.e. relational content. (d) Citations should be made
privately so that other respondents are not able to identify the citations.
(e) The sociometric questions should be gauged to the level of
understanding of the respondents. Sociometric choices obtained under
these guidelines are assembled in an (N,N) adjacency matrix A4 for each
question, a; being zero unless actor J cited actor I in response to the
question. For example, Figure 1 presents sociometric choices among a
hypothetical system of ten actors. Choices indicate whom each actor
goes to for advice and whom he claims as friends. Choices are presented
as a sociogram (e.g. actor 1 goes to actor 5 for advice: 1 — 5) and as an

3These choice data have been more extensively tested in research than have alternative
rating, ranking, or comparison data. Lindzey & Byrne (1968:510) conclude their review by
noting that “The use of sociometric measures has been accompanied by a reasonable
incidence of studies that are intended to contribute to better understanding of the measure-
ment properties of these instruments. On the other hand, the ratings of interpersonal
attraction that have been employed have typically been ad hoc in nature, and there has been
little systematic attempt to explore the consequences of the many variations in procedure
that are unsystematically or casually introduced by different investigators, or even by the
same investigator on different occasions.” The Hallinan, Holland & Leinhardt and Bernard
& Killworth papers cited above are recent exceptions to this comment; however, there are
still no systematic studies of differences in basic network findings across different measures
of relational form. Random errors can be tolerated to the extent that statistical inference
is used in testing network models. Systematic errors are another matter. Consider an
invisible college in which scientist J is asked to name those other scientists in the college
who most influence his work. If the criterion for making this citation is set very low (for
example at a level asking J to name experts whose work is familiar to him), then most
scientists would have a citation to most other scientists since persons within an invisible
college tend to be aware of one another. On the other hand, if the criterion is set very high
(for example at a level asking who directly supervised J’s dissertation), then very few
scientists would be connected by citations. Somewhere between such extreme criteria for
coding binary choices in particular and sociometric data in general is an appropriate
criterion. Consequential as this criterion is for the interpretation and testing of network
models, little is known about it.
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adjacency matrix (a;s; = 1). These data will be useful in illustrating
network models throughout the chapter, but this section only considers
the advice network.

At times, the adjacency matrix A has been treated as a matrix of
relations Z to be described by a network model. A compelling reason for
treating A as Z is the simplicity of interpreting and analyzing binary
relations; z; is present or absent. Simultaneously, this is its major weak-
ness. While binary relations are tractable, they raise to crucial signifi-
cance the criterion used to distinguish present from absent relations even
though such criteria are usually ad hoc (see note 3). Moreover, indirect
relations are implied by binary sociometric choices. For example, actor
1 has no direct advice connection to actor 9 in Figure 1, but through actor
5 he has a 2-step connection to 9 (1 —» 5 — 9). In contrast, actor 6 has
no direct or indirect connection to actor 9.

0000100000 L
0000100000 9
0000100000
0000100000 2
0000001111 \5/—7\\
0000000000 / — 8
0000000111 3
0000001011 6
0000001101 10
0000001110 4

ADVICE NETWORK
0000000000 L ’
0000000000 9
0000000000
0000000000 ) H
0000010000 \‘ 7
1111000000 ‘/_///6 8
0000010111 3 /
0000011011 \
0000011101 .
0000011110

FRIENDSHIP NETWORK

Figure | Sociograms and adjacency matrices for a two network system of ten actors.
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Following the initial work by Festinger (1949) and Luce & Perry
(1949), adjacency matrixes are often used to measure relations in terms
of indirect connections by raising 4 to successive powers. The (j,i)th
element in AN equals the number of N-step connections leading from
actor J to actor I. For example, squaring and cubing the advice adjacency
matrix in Figure 1 yields the number of 2-step and 3-step connections
leading from each actor to each other actor:

0000001111 0000003333
0000001111 0000003333
0000001111 0000003333
0000001111 0000003333
0000003333 0000009999
0000000000 = 42 A3=0000000000
0000003222 0000006777
0000002322 0000007677
0000002232 0000007767
0000002223 0000007776

This shows, among other things, that the first four actors all have one
2-step connection to actor 9 (the first four elements in column nine of
A? are ones, referringtol -5 59,2 55 59,3 5559 and4 -
5 - 9), and that actor 5 has three 2-step connections to actor 9 (element
5,9 of A2 equals three, referringto 5 -7 - 9,5 58 - 9,and 5 - 10
— 9), that actor 1 has three 3-step connections to actor 9 (element 1,9
of A3 equals three, referringtol -5 -7 59,1 5558 -9,and 1
— 5 - 10 - 9), and actor 6 has no 2-step or 3-step connections to any
actors (row six of A2and A3 is all zeros). The total number of connections
involving N or fewer steps between each pair of actors is given as the sum
of adjacency matrixes raised to successive powers:

Z=A+ A2+ A3+ ... + AN, 3.

and the connection involving the minimum number of steps between
each pair of actors is given as:

Z =A4 A% 4 A% 4+ ...+ A*N, 4,

where A*N equals AN with all nonzero elements set equal to n except
those elements (j,i) set equal to zero because element (j,i) is nonzero in
A raised to a power less than n and the diagonal elements (j,j) set equal
to zero. Equation 4 is often preferred to equation 3 as an operationaliza-
tion of relational form since it excludes redundant connections. In Figure
1, for example, the 2-step advice connection 1 —» 5 — 9 is contained
within the 5-step advice connection1 - 5 - 9 - 8 - 7 - 9. Discussed
in terms of reachability and connectivity, z; in equation 4 is termed the
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“path distance” from J to I in graph theory. A nonzero path distance
from J to some actor I means that I is “reachable” from J. Harary et
al (1965:110-58) discuss matrix manipulations of the adjacency matrix.
In keeping with the popularity of these measures of relational form,
however, there are several discussions building more directly on the
original network concerns in the Festinger and Luce & Perry articles (e.g.
Coleman 1964:444-55; Barnes 1969; Mitchell 1969; Peay 1976; Doreian
1974).

Various methods have been used to normalize the relations generated
by equations 3 and 4. Laumann et al (1974) subject path distances to a
smallest space analysis (actor J is closer to actor I in the space to the
extent that he requires fewer steps to reach actor I than are required to
connect other actors). Alba & Kadushin (1976) treat path distances as
defining social circles (actor J is close to actor I to the extent that they
both can reach the same persons in chains of less than a specified number
of steps). Burt (1976) normalizes path distances by the number of actors
J can reach at each number of steps (a path distance of 3 represents a
weaker relation to an actor most of whose connections to others are
2-step than the same path distance for an actor most of whose connec-
tions to others are 4-step). Katz (1953) and Hubbell (1965) normalize
relations generated by equation 3. Katz proposed that the ones in the
adjacency matrix be replaced with a fraction so that the elements in 4
raised to successive powers would be decreasing. In this manner relations
composed of many steps would be smaller than those composed of few
steps. Eliminating the arbitrary fraction, Hubbell proposed that the adja-
cency matrix be normalized so that each actor’s choices summed to a
total of one (0 < a; < 1, 2;a; = 1).4 Again, successive powers of 4 will
have elements with decreasing magnitudes. However, there is no need
now to raise A to successive powers since the sum in equation 3 when
continued past A¥ to A~ and added to an (N,N) identity matrix
converges (for some structures, see note 4) on the following analytical
solution: (I — A)~! = Z. Since the sum here includes an identity matrix,
z;; will not be zero. The element z;; will vary from zero to one as the total
direct and indirect connection from actor J to actor I. Hubbell’s measure
of total relation remains the most elegant, if rarely used, measure of
relational form.

Although the above measures of relational form do not quantitatively

4This normalization, however, includes an additional column beyond the N actors in a
system. That final column, labelled E for exogenous system inputs, is deleted here since
such inputs are not typically considered in network models. The exogenous inputs are a
consideration in computing the inverse matrix (I — A)~! as the limit of summed powers
(Hubbell 1965:384-85).
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measure a single interaction phenomenon, they all reflect an intensity of
relationship from one actor to another as a pair of actors. The other N —2
actors in a network are ignored except in those operationalizations that
consider as many other actors as are necessary to complete a chain of
steps from one actor to another.’

Given the relational data described by network models, I turn now to
discussing the models themselves as given in Table 1.

3. DESCRIBING RELATIONS IN WHICH A SINGLE
ACTOR IS INVOLVED

The relations in which actor J is involved are the 2NK elements in rows
and columns J of the K networks Z,, Z,, ... Zg. There is a long history
of network models that generate a score for actor J describing some
aspect of these relations. Models of ego-networks have been developed
from the relational perspective while the positional approach has offered
models of network positions.

The Ego-Network

The network for which actor J is ego consists of all persons with whom
J has a direct relation and the relations among these persons. Since
relations in a system are only considered when they are present for a
specific actor as ego, models of these relations describe an ego-network
anchored on a single actor (Mitchell 1969:12-15). Such network models
are also discussed as primary stars, primary zones, first-order zones, and
personal networks.s They can be anchored on any aggregation of persons
as an actor: families (e.g. Bott 1957) or corporations (e.g. Evan 1972;
Burt 1980c). Moreno (1934) adumbrates subsequent work with his
network analysis of the social atom centered around a specific person.
Models of ego-networks have been most extensively developed,
however, by anthropologists, who have extended sociometry in order to
conduct empirical research on large populations (see reviews by Barnes

SEven when zj; is generated by a nonmetric algorithm for reducing the order of Z to a
specified number of dimensions lower than N (e.g. Laumann & Pappi 1976; Laumann et
al 1974; Laumann et al 1977), the reliance by these algorithms on the criterion of
monotonicity (a criterion only concerned with the connection between pairs of actors)
means that connections among the other N—2 actors are at best indirectly considered.
Coleman (1970) discusses the inability of methods of analysis based on the monotonicity
criterion to consider indirect linkages.

6The most popular of these alternative labels is “personal” network. I have avoided this
label in order to avoid the connotation that ego-networks must be anchored on persons as
actors.
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1969, 1972; Mitchell 1969, 1974; Wolfe 1970; Boissevain & Mitchell
1973; Boissevain 1994; Whitten & Wolfe 1974). Since the actor on whom
an ego-network is anchored can be treated as a randomly selected survey
respondent, models of ego-networks have become popular in sociology,
especially for describing the social psychology of urban life (Laumann
1973; Fischer et al 1977; Verbrugge 1977, 1979; Wellman 1979).

Among the many aspects of ego-networks discussed in the above
reviews, three are widely used: range, density, and multiplexity. More
often than not, models capturing these aspects are used to measure the
extent to which ego can rely on his network for social support. An
ego-network has range to the extent that it includes a diversity of actors
as ego’s contacts. This diversity can be captured as the social
heterogeneity and/or number of actors in the network (e.g. Mitchell
1969:19-20). An ego-network is dense to the extent that all actors in it
are connected by intense relations. Where the network contains n actors,
its density in regard to the kth type of relation is the mean such relation
between separate actors in the network:

(EiEijik)/n(n — 1), 5.
for all actors I # J in the ego-network. For binary relations, this equation
is the proportion of possible relations that are observed (cf Kephart 1950;
Barnes 1969:63-64). For example, advice relations in the ego-network of
actor 2 in Figure 1 have a density of .17 since the network is composed
of three actors (2, 3, and 6) among whom there is one of a possible six
relations (2 cites 5 but he does not cite 6; and although 6 claims 2 as a
friend, neither 5 nor 6 cites 2 as a source of advice). Since the five actors
with whom 9 is directly connected tend to have direct connections with
one another, 9’s ego-network has a higher density of advice relations
(16/30 = .53). Moving to the overlap of relations, an actor’s network is
multiplex to the extent that he has multiple types of relations to each
actor in the network. For example, the connection from J to I would be
multiplex if I is J’s friend, is a source of advice, is a blood relative, and
so on. The connection would be uniplex if only one of these ties existed.
Actor J’s network has high multiplexity to the extent that he is connect-
ed to a high portion of actors in the network by multiple types of rela-
tions:

(E,-zﬁ(m))/(n—l) 6.
for all actors I in J’s network where zj;() is zero unless J has more than
one type of relation to I, whereupon it equals one (cf Kapferer 1969:226
on star multiplexity). For example, actor 2 in Figure 1 has no multiplexity
in his network while actor 9 has high multiplexity (3/6 = .5); three of
his friends are also sources of advice.
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The Network Position

Actor J’s network position consists of all his relations with the N actors
in a system. It differs from his ego-network principally because the
relations he does not have to others in a system are as important as the
relations he has, the latter defining his ego-network. Within a single
network operationalized as Z, actor J’s ego-network consists of the
nonnegligible elements in row and column J. His network position is
defined by all 2N elements in the row and column. This involves a change
in frame of reference from J’s immediate contacts to some larger system
of actors. Since the concept of network position depends on clearly
defined system boundaries, it is not surprising to find that models of the
relations defining a network position have been developed from More-
no’s proposed area of sociometry by social psychologists analyzing small
systems with clearly defined boundaries, such as classrooms or labora-
tory groups (see reviews by Moreno 1960; Glanzer & Glaser 1959, 1961;
Bonacich 1972a; Leik & Meeker 1975:84-91; Freeman 1979).”

For the most part, models describing the relations that define a net-
work position have been used as measures of social integration. An actor
is “isolated” on the periphery of a system if he has no relations with
others in the system. Two models have been used extensively to describe
socially “integrated” actors: centrality and prestige. Although occasion-
ally used interchangeably in empirical research (cf Coleman et al
1966; Becker 1970), these two terms usually refer to distinct network
models.8

Models of position centrality in a network stem from the analysis of
communication networks by Bavelas (1948, 1950) and Leavitt (1951).
An actor’s position is central to the extent that all relations in the net-

"Similarly, when anthropologists working with ego-networks analyze systems sufficient-
ly small to allow relations among all actors in a system to be described in a matrix Z, the
whole system is often taken as a frame of reference. For example, Kapferer (1969:222)
analyzes ego-network span as z,/z,: the proportion of all relations among actors in a
system (z,) that appear in the ego-network (z.). More generally, Barnes (1969, 1972) is
careful to distinguish between ego-networks as a “partial network” and the relations among
all actors in a system as a “total network.”

8A third type of network position for which there is no model other than a definition
is the broker. An actor occupies a position as broker in a network to the extent that he is
the only connection between two subgroups of actors (cf Freeman’s 1977 discussion of
centrality as betweenness). Discussed as a bridge in graph theory (Harary et al 1965:
194-223), the broker has substantive importance as a communication link between groups
within which information might flow but between which it would not flow without him (see
Granovetter 1973; Boissevain 1974:147-69 for substantive discussion). In Figure 1, for
example, actors 1 through 4 have no advice connection with actors 7 through 10, except
through actor 5. Actor 5 could act as a broker between the two groups.
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work involve him. One measure of this is the proportion of the sum of
relations in a network that involve actor J:

i Zitzy) | (ZiZ5zp), 7.

for all actors I and J in a network where zj; increases with the strength
of J’s relation to I. For binary relations, this equation is the proportion
of all relations in a network that involve actor J.9 For example, actor 5
is most central and actor 6 is least central in the advice network of Figure
1. Of the twenty relations in the network, eight involve actor 5 (for a
centrality score of 8/20, or .40) while actor 6 is involved in no relations.
The majority of centrality models, however, operationalize relations in
terms of path distances where z; is the minimum number of binary links
required by J to reach I (equation 4). As the basis for equation 7, Bavelas’
(1950) widely used centrality model is the ratio of the sum of all path
distances among actors in a network divided by the sum of path distances
from J to each actor I !0 Similarly describing symmetric path distances,
Freeman (1977, 1979) proposes what is perhaps the most conceptually
satisfying model of the original Bavelas centrality concept. An actor’s
position is central to the extent that he is “between” any two actors
who wish to contact one another. Betweenness is captured by geodesics
where a geodesic from J to I is any chain of links equal to the path
distance from J to I. Although there is only one path distance from
J to I, there can be many indirect connections as geodesics. Deleting the
direct advice link from actor 5 to actor 9 in Figure 1, for example, would
result in three geodesics from 5 to 9 equal to the path distance of two
5-57-595-58-9and5 - 10 - 9). An actor J is between two
others I and T to the extent that all geodesics from I to T involve J:
2:2;(2gi;/8u)/ (N*—3N+2), for all actors I < T, I # J # T in the
network of N actors where g;, is the number of geodesics from actor I
toactor T and g, is the number of those connections which involve actor
J. This model has the advantages of a meaningful metric (varying from
zero as no centrality to one as maximum centrality) and applicability in
networks where some actors can not be reached by others.!! It has the

9Extending the numerator in equation 7 to include relations between the actors connect-
ed to J, anthropologists have discussed this concept as network span (cf Kapferer 1969:222,
1972).

10Also describing symmetric path distances in a network, Laumann & Pappi (1976)
analyze an actor’s integrative centrality as the extent to which he occupies the centroid in
a smallest space analysis of the path distances. The centroid is the geometric center of the
space and is occupied by an actor whose path distances to others in a network are, on
average, lower than any other actor’s path distances. In this sense, the Laumann & Pappi
concept of integrative centrality is quite similar to the classic Bavelas centrality concept.

11As a substantive advantage, Freeman’s centrality model offers a monotonic link be-
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disadvantages of (a) being restricted to binary, symmetric choice data
and (b) treating as equally peripheral an actor who is an isolate and an
actor who is a peer in a completely connected network (see note 12).

There are other models of centrality in which an actor’s position is
central to the extent that he has strong relations with others. In some,
an actor is central to the extent that he is reachable (equation 3; e.g.
Nieminen 1974; Freeman 1979). In others, an actor is central to the
extent that he has low path distances to others (equation 4; e.g. Beau-
champ 1965; Nieminen 1973; Moxley & Moxley 1974; Freeman 1979).
These models should be interpreted with caution since, as discussed
above, they do not discriminate between an actor who is central in a
network and an actor who is a peer in a completely connected network.!2

Models of position prestige in a network stem from Moreno’s analysis
of popularity as the extent to which an actor is the object of strong
relations.!3 More precisely, an actor’s position has prestige to the extent
that he is the object of strong relations from other actors who themselves
have prestige. A measure of actor J’s prestige in this sense is the sum of
each actor I’s prestige (p;) weighted by the strength of his relation to J
(zy):

pj = 2ipiZj. 8.

tween centrality and work satisfaction where that link is nonmonotonic using the original
Bavelas model (see Freeman 1977:40).

12Flament (1963:51) raises the question of how to describe centrality in a completely
connected network. He criticizes Bavelas’ model describing network centrality (as opposed
to position centrality) since it does not discriminate between a completely connected
network and a circle network. As illustration, consider a five-actor network of symmetric,
binary relations among persons 1, 2, 3, 4, and J. If J has no relations, he will not be
described as central under any of the available models; he can reach no other actors in the
network and he is not involved in any of the network relations. At the other extreme, if
the only relations in the network are those linking J to each other person (a star network),
then J is maximally central under most models; he can reach all other actors in a minimal
number of steps and he is involved in all of the network’s relations so that equation 7 and
Freeman’s model equal one. A problem rises when all five persons are directly connected.
In this case, equation 7 gives actor J a centrality score of .4, showing that he is neither
isolated nor central. Under Freeman’s model, actor J is a centrality of zero as if he were
isolated. There are direct connections between actors, so no one is required to go through
J in order to reach any other actor. As in the star network, however, actor J is able to reach
all other actors in a minimum number of steps. Under reachability or closeness models of
centrality, therefore, an actor who is involved in all relations can have the same centrality
as an actor who is involved in a small fraction of all relations.

13What I am discussing as the prestige of a network position is often discussed as the
status of a person following Moreno’s social psychological concern with the social defer-
ence given a person. In order to facilitate the discussion of a diversity of network models,
I reserve the label “status” for a significant position in social structure (Section 4) and
discuss the deference given to occupants of the position as prestige.
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In matrix form, equation 8 is given as P’ = P'Z, so that:
0=P(Z -1, 9.

where P is a vector of N prestige scores and Z is an (N,N) matrix of
relations where z;; increases with the strength of relation from actor J
to actor I Let the relations in Z be normalized in some manner (see
Section 2) so that the matrix is row stochastic (0 < z; < 1, Z;z; = 1).
Equation 9 is then the well known characteristic equation for Z and the
vector of prestige scores can be computed as the left-hand eigenvector
corresponding to the maximum eigenvalue of Z (which is one since Z
is row stochastic). If Z can not be normalized easily into a row stochastic
form, prestige scores can still be obtained by introducing a variable
eigenvalue into equation 9 so that it is given as (cf Bonacich 1972a):
0 = P(Z — AD.

There are two well known models in which Z is analyzed as a row
stochastic matrix: one for sociometric choice data, and one for joint
involvement data. Hubbell (1965) provides the most elegant discussion
of equation 9 in regard to choice data. Begin with a normalized adjacency
matrix (0 < a; < 1, 2;a; = 1). Drawing on Leontief’s input-output
model, Hubbell (1965:382) states prestige to be a function of exogenous
inputs to the system (a vector of N inputs, E) and the weighted sum of
choices with prestige (4'P) so that P = E + A'P.14 This equation can
be rewritten as P’ = E’' + P'A, so that —E' = P'(4 — I). Since
exogenous inputs to a system of actors are almost never given, E is
usually a null vector (¢; = 0), which makes Hubbell’s expression
identical to equation 9, given 4 as an operationalization of Z. The
prestige of actor J will be high to the extent that he is the object of direct
relations from many actors who are themselves the object of direct
relations from many actors. Coleman (1966, 1972, 1973) provides the
most elegant discussion of equation 9 in regard to actors’ joint
involvement in events. Given a system of N actors and a set of events
over which the actors have partial control and in which they have partial
interest, z; is the extent to which actor J is interested in events
controlled by actor I. The Z matrix composed of the z;; is row stochastic
where elements in row J show the proportion of actor J’s interests that

14Following Moreno (see note 13), Hubbell discusses prestige as status so his vector S
corresponds to P. Another difference in notation between Hubbell’s discussion and that
given here is his treatment of an adjacency matrix as column stochastic rather than row
stochastic, where wy; is the normalized choice from J to I (i.e. his matrix W is 4"). As a
more significant difference, the adjacency matrix is forced to be row stochastic here in the
absence of exogenous inputs (see note 4). Without this constraint, the presence of isolates
in the network would not be acceptable.
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is controlled by each other actor in the system (cf equation 1 with
Coleman 1973:73). Coleman discusses an actor as powerful (in the sense
of having extensive resources) to the extent that he controls events of
interest to each actor I (z;) who is in turn powerful (r;) in the system
(Coleman 1966:627, 1972:148, 1973:78-79): r; = X;r;z;. When the
symbol for resources, r, is replaced with the symbol for prestige, p, this
expression is identical to equation 8. In other words, Coleman’s model
of power can be viewed as a network model of prestige. So viewed, an
actor has prestige to the extent that he controls events of interest to
prestigious actors. Although stated for actors involved in events, this
model extends in a natural manner to describe sociometric data as well
(Coleman 1974; Burt 1979b).

There are some models in which prestige is the extent to which an
actor is merely the object of strong relations from others. Although less
elegant than equation 9, these models are more easily used in research.
Again, Hubbell provides a convenient model. His prestige model, P =
E + A'P, can be rewritten as P'(I — A) = E’, so that prestige is given
as P’ = E'(I — A)-1. As discussed in Section 2, this inverted matrix is
one operationalization of Z. Specifically the (i,j)th element of (I — A4)-!
is the sum of direct and indirect connections from actor I to actor J. If
exogenous system inputs are assumed equal for each actor, E can be
replaced with a unit vector (e; = 1) so that actor J’s prestige is the sum
of direct and indirect relations in which he is the object (cf Hubbell
1965:383): p; = =;z;. Variations on this model include choice status as
the ratio of total relations for which actor J is the object over the total
possible (e.g. Moreno 1934:98-103; Arney 1973) and reachability as the
extent to which all actors in the network have direct, or very short
indirect, ties to actor J (e.g. Katz 1953; Taylor 1969; Lin 1976:340-49).
Building on the fact that persons tend to claim friendships with persons
of higher (rather than lower) prestige (e.g. Laumann 1966; Verbrugge
1977), Burt (1977b) offers a further variation that distinguishes multiple
dimensions of prestige based on the asymmetry of relations defining an
actor’s network position. An actor has prestige to the extent that he is
the object of strong relations from many actors and himself only directs
relations to others who have high prestige.

Hypothesis 'Testing

At this level of aggregation, models are not tested as hypotheses per se.
Rather, they are used as variables. They do describe aspects of the
relations in which an individual actor is involved. However, they do not
test the extent to which any one aspect characterizes an actor so much
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as they measure the extent to which that aspect is present for the actor.

Nevertheless, it is at this level that network models have been most
fruitful in substantive research. If for no other reason than this, such
models deserve serious attention. Once scores are generated from models
such as equations 5-8, they can be correlated or crosstabulated with
scores on other variables. For example, having an extensive range of
weak (as opposed to strong) relations in one’s ego-network is correlated
with having access to diverse types of information (see Lee 1969 on
locating illegal abortionists, Katz 1958 and Granovetter 1974 on locating
job information, Granovetter 1973 for a general discussion). Segregation
of conjugal roles (the husband performing stereotypical male activities
such as economic support while the wife performs stereotypically female
activities such as housekeeping) is correlated with the extent to which the
husband’s ego-network is dense and nonoverlapping with the dense ego-
network of his wife (see Bott 1957, 1971 for an initial formulation and
Kapferer 1973 for discussion of ambiguities). Multiplexity has been use-
ful in explaining conflict mobilization. Given two actors in conflict, a
third actor is likely to support and unlikely to oppose a combatant to
whom he has a multiplex (rather than uniplex) relation. As succinctly
stated by Mitchell (1974:283), “if people are tied to one another by a
variety of different links, then they will find it difficult to sever social
relationships and therefore be obliged to carry out the expectations and
obligations entailed in those relationships.” Thus, an actor can more
easily mobilize an “‘action-set” from his ego-network (see Mayer 1966)
if he has multiplex (termed “multipronged” by Mayer) relations to actors
in the network. As might be expected, central and prestigious network
positions are occupied by leaders in a system. Position centrality is
correlated with work satisfaction in communication networks (e.g. Col-
lins & Raven 1968). The centrality/prestige of an actor’s position is
correlated with adoption and early awareness of innovations (e.g. Cole-
man et al 1966; Becker 1970; Rogers & Shoemaker 1971). In studies of
community elites (e.g. Laumann & Pappi 1976; Burt 1977a,c) and aca-
demic elites (e.g. Cole & Cole 1973:90-122; Burt 1978a), the prestige of
an actor’s network position is correlated with his possession of valuable
resources.

4. DESCRIBING RELATIONS INVOLVING
MULTIPLE ACTORS AS A NETWORK SUBGROUP

From the one or more networks of relations, an (N,N) symmetric matrix
of criterion links between actors can be generated such that a subset of
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actors can be aggregated together as a network subgroup. Where these
aggregated actors are socially homophilous in the sense of having similar
perceptions, attitudes, beliefs, and so on, the specific criterion used to
aggregate actors will depend on how relations are assumed to generate
homophily. Perhaps for this reason, the different conceptual foundations
of the relational versus positional approaches are most apparent in their
aggregation of actors into network subgroups. The relational approach
offers models of the primary group as a network clique. The positional
approach offers models of the status/role-set duality as a jointly occupied
network position. Algorithms for locating these subgroups are discussed
and compared elsewhere (e.g. Lankford 1974; Roichacher 1974; Breiger
et al 1975; Burt 1976, 1978b; White et al 1976; Schwartz 1977, Arabie
et al 1978).

The Network Clique

Operationalizing the classic concept of a primary group, the clique is a
set of actors in a network who are connected to one another by strong
relations. As introduced in Cooley’s (1909:23ff) discussion of families,
play-groups, and communities, the primary group is “characterized by
intimate face-to-face association and cooperation. . . . The result of inti-
mate association, psychologically, is a certain fusion of individualities in
a common whole, so that one’s very self, for many purposes at least, is
the common life and purpose of the group.” Current network models of
cliques capture primary groups as described by Festinger et al (1950) and
Homans (1950). Analyzing friendship networks, Festinger et al (1950:
175) state: “The more cohesive the group, that is, the more friendship
ties there are within the group, and the more active the process of
communication which goes on within the group, the greater will be the
effect of the process of communication in producing uniformity of atti-
tudes, opinions and behavior.” Analyzing friendships and antagonisms,
Homans (1950: 133-136) states a similar conclusion in terms of his now
well-known proposition that “the more frequently persons interact with
one another, the stronger their sentiments of friendship for one another
are apt to be.” Subsequent models follow these two substantively success-
ful works. As representatively stated by Cartwright & Zander (1968:46)
“a group is a collection of individuals who have relations to one another
that make them interdependent to some significant degree” (cf reviews
by Lott & Lott 1965; Collins & Raven 1968: 119-26; Homans 1968).
Although models of cliques have utility in macro level studies of elites
(e.g. Domhoff 1970), have been discussed in reference to actors outside
the clique (e.g. Stein 1976), and have been described as cohesive to the
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extent that clique members prefer intraclique over interclique relations
(e.g. Cartwright 1968; Alba 1973), the models themselves are stated in
terms of the strength of relations among clique members without refer-
ence to the strength of ties outside the clique.!s

The criterion for aggregating actors together as a clique is typically
based on sociometric choice data (or other relations transformed to
binary form) interpreted in terms of graph theory. As defined in graph
theory (e.g. Harary 1969:20), a clique is a “‘maximal complete subgraph”,
which means that actors 4, B, and C define a clique if they are connected
by mutual, maximum-strength relations where no further actor can be
added to the clique without losing this property of strong mutual ties (cf
Luce & Perry 1949; Festinger et al 1950:144). In other words, actors I
and J can be aggregated together in a clique if z; and z; are both
maximum strength:

z;, = maximum, z; = maximum. 10.

For binary data, this means that every member of a clique cites every
other member. The advice network in Figure 1 contains only one clique
under equation 10: actors 7, 8, 9, and 10. Actor 5, although he cites each
member of the clique, can not be included in it since none of its members
reciprocate his citations. Although clear and corresponding to a com-
monsense understanding of a face-to-face group, restricting cliques to
maximal complete subgraphs is too limited for empirical research (for
more detailed discussion, see Alba & Moore 1978).

Rather than require maximum-strength relations between all clique
members, the majority of clique models require that the minimum rela-
tion between any two members of a clique be stronger than some crite-
rion a.16 Cliques are still maximal in the sense that they include all actors

15Most clique models are not concerned with interclique relations (see review by Arabie
1977), although there are some efforts to minimize positive ties between cliques (e.g.
Spilerman 1966; Davis 1967) and some efforts to use occasional interclique relations to
create a hierarchy of cliques (see note 31). An obvious exception is the factor-analytic
clique model in which clique members have similar relations with actors outside the clique.
Such subgroups are actually an ersatz status as discussed below in reference to equations
12 and 14. Nevertheless, it is possible for an actor to be a member of multiple cliques.
Interclique relations have been discussed in terms of overlapping subgroups (e.g. Alba &
Kadushin 1976; Alba & Moore 1978); however, such models require some subgroup model
before they can describe subgroup overlap, and that subgroup model typically focuses on
intragroup relations.

16Rather than weakening the strength of relations within a clique directly, Seidman &
Foster (1978) relax the complete subgraph model by weakening the number of clique
members that must be connected by maximum strength relations. A k-plex clique is one
in which each member has maximum strength relations with all but k members of the
clique. Since it allows less variability in the relations among clique members, the k-plex
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in a system who can be aggregated together without some pair having a
relation lower than the criterion. In other words, actors I and J can be
aggregated together into a clique if z; or zj;, whichever is smaller, is
stronger than some criterion:

minimum (z, z;) > a. 11.

Relaxing the graph-theoretic clique concept, for example, Doreian
(1969) suggests that continuous relations in a network be dichotomized
so that z;; is zero unless it is greater than some criterion level, whereupon
it is one. He then uses equation 10 to define cliques. In this case, cliques
conform to equation 11 since z; and z; will both equal one (maximum
strength) only if the smaller of the two is greater than the criterion level.
This treatment of equation 11 is discussed as a complete-link or diameter
aggregation of actors, since the weakest relation between any pair of
actors in the clique (i.e. the diameter of the clique) is greater than a (e.g.
Johnson 1967; Peay 1974; Baker & Hubert 1976; Arabie 1977). Graph
theory can offer a multitude of plausible definitions for the criterion (e.g.
Hubert 1974). A particularly well-known criterion is used by Luce (1950)
to define the n-clique. A set of actors is an n-clique if relations between
each pair of actors are measured as one over path distance and conform
to equation 11, where a = 1/(n+1) and no additional actor can be
added to the clique without violating equation 11. In other words, all
members of an n-clique can reach one another in n or fewer binary links.
Since it is possible for a pair of actors in an n-clique to be connected by
a geodesic of n or fewer links that goes through actors outside the clique
(a point noted by Luce 1950 and Spilerman 1966), Alba (1973) further
restricts the clique to be an n-clique where every pair of members is
connected by a geodesic composed solely of other clique members.!’

model generates cliques with more predictable internal structure. Seidman & Foster’s
k-plex model is in accord with the operationalization used to capture Kadushin’s (1966,
1968) concept of a social circle. A social circle is a set of actors with similar interests having
direct or minimally indirect relations with one another. Social circles have been operation-
alized, however, in terms of overlapping strong components (Alba & Kadushin 1976; Alba
& Moore 1978). Although each actor in the social circle model need not have a maximum
strength relation with each other actor in the circle, he is required to have such relations
with a large proportion of the actors (Alba & Moore 1978:174).

17Alba (1973:120) defines his restriction of the n-clique model as “a maximal subgraph
of diameter n.” This is the largest group of actors that can be aggregated as a network
subgroup without any pair of them being separated by a path distance greater than n.
Mokken (1979) discusses such a group as an n-club and shows that it is not equivalent to
Alba’s restriction of the n-clique, which he discusses as an n-clan. By ignoring the require-
ment that subgroups be maximal, Boyle (1969:105) defines a third type of clique contained
in the class described by Alba. Boyle defines a clique simply to include all persons on the
geodesic(s) between J and I when J and I are both in the clique.



