
Analyzing and Representing “Two-Mode” Network Data 
Week 8: Reading Notes 

 
Wasserman and Faust – Chapter 8: Affiliations and Overlapping Subgroups 
 
Affiliation Network (Hypernetwork/Membership Network): Two mode social network that represents the affiliation of a set of 

actors with a set of events. You cannot directly reach one actor from another without passing through the one of the events.  

• Useful for studying urban social structures. 

• Allow to study dual perspective of the actors and the events. 

Duality: Actors are linked to one another by their affiliation with events, and at the same time events are linked by the actors who 

are their members. 

Why to study affiliation networks? 

• Individuals’ affiliations with events provide direct linkage between actors and events. 

• Contact among individuals who participate in the same social events provides conditions under which pairwise ties among 

individuals become more likely. 

• Interaction between actors and events as a social system is important to study 

Co-membership (co-attendance) relation: Relation between actors when you focus on ties between actors (one-mode relation). 

Overlap (interlocking) relation: Relation between events when you focus on ties between events (one-mode relation).  

Affiliation Network Matrix: The matrix that records the affiliation of each actor with each event. 

Bipartite Graph: A graph in which the nodes can be partitioned into two subsets, and all lines are between pairs of nodes belonging 

to different subsets. 

• Degree of an actor node is the number of events with which the actor is affiliated.  

• Degree of an event node is the number of actors who are affiliated with it.  

Hypergraph: A graph which consists of a set of objects (points) and a collection of subsets of objects (edges), in which each object 

belongs to at least one subset and no subset is empty. Generally, in representing the affiliation networks, points are set of actors 

and edges are set of events. 

Dual hypergraph: A hypergraph in which points are set of events and edges are set of actors. 

Co-membership matrix: One mode, symmetric, valued sociomatrix which indicates the number of events jointly attended by each 

pair of actors. The values on the diagonal of co-membership matrix are total number of events attended by each actor. 

 Overlap matrix: One mode, symmetric, valued sociomatrix which indicates the number of actors that each pair of events shair. The 

values on the diagonal of overlap matrix are total number of actors who affiliated with each event. 

 Although the affiliation matrix uniquely determines both co-membership and overlap matrix, reverse is not true. 

 Properties of Actors and Events 



Rates of Participation: Number of events with which each actor is affiliated. It is equal to degree of the node representing the actor 

in the bipartite graph. 

• Average rates of participation can be used to compare people’s rates of participation in voluntary organizations between 

communities. 

Size of events: Number of actors affiliated with each event. It is equal to degree of the node representing the event in the bipartite 

graph. 

• Average rates of participation can be used to study the average sizes of clubs or voluntary orhanizations. 

Properties of One-Mode Networks 

Density:  

• For valued co-membership relation: Mean number of events to which pairs of actors belong. 

• For dichotomous co-membership relation: The proportion of actors who share membership in any event. 

• For overlap relation: Mean number of actors who belong to each of events. 

• For dichotomous overlap relation: The proportion of events that share one or more members in common. 

Reachability, Connectedness, and Diameter:  

• Any affiliation network that is connected in the graph of co-membership among actors is necessarily connected in the 

graph of overlaps among events or vice versa. 

• The diameter of an affiliation network is the length of the longest path between any pair of actors/events. 

Cohesive Subsets of Actors or Events: 

• For the co-membership relation for actors, a clique at level x is a subgraph in which all pairs of actors share membership in 

no fewer than x events. 

• For the overlap relation for events, a clique at level y is a subgraph in which all pairs of events share at least y members. 

Reachability for Pairs of Actors: In valued graph, two nodes are reachable at level c if there is a path between them in which all lines 

have a value of no less than c. 

Borgatti and Everett (1997) – Network Analysis of 2-mode data  

Differentiation between “social network analysis” and “traditional social science analysis” – 
 

Social Network Analysis “Traditional” Social Science Analysis 
• attributes of pairs of individuals OR dyadic 

attributes (i.e. social relations, distances and 
similarities, etc.) 

• Data: set is a person-by-person matrix that 
records a dyadic attribute (social relation) 
among a group of actors. The relation or 
dyadic attribute is one single variable.  

• Matrices: 2-way (dimensions – more than one 
row and column) 1-mode (distinct entities) 

• attributes of individuals OR monadic attributes 
• Data: set is a person-by-attribute matrix where 

actors are “cases” and the monadic attributes 
are “variables.”  

• Matrices: 2-way and 2-mode  

 
Although differentiating social network analysis as the study of purely 1-mode is not always appropriate: 
 



1. 2-mode data can be converted to 1-mode data for analysis using social network techniques --  
• Conversion of  existing 2-mode, “non-social network data,” into form suitable for social network analysis – 

o extract dyadic variable from data 
o example:  survey data to derive a person-by-person matrix that captures the how similar attitudes are 

between sets of actors; apply social network techniques to determine how respondents cluster around similar 
beliefs or centrality measures to identify groups with popular views vs. those with fringe beliefs  
 

• Collect 2-mode data with intention to convert to 1-mode format for analysis using social network techniques – 
o extract dyadic variable from data,  
o example: the study of society women and social events was collected as a 2-mode data (two entities – women 

& events), and converted into 1-mode data so social network techniques could be applied 
 

2. 2-mode data can also be naturally occurring in the field of social network analysis  
• Collect 2-mode data and analyze 2-mode data – 

o “data consists of relations between equally important entities,” i.e. actors (set 1) and groups or events (set 2) 
o example: university faculty and university course the faculty want to teach  

 
Question – How can social network techniques be adapted to apply to 2-mode data without conversion to 1-mode data?  
 
Application of Social Network Techniques to 2-mode data:  
 

1. Visualization: How can 2-mode data be visualized?  
 

a. Correspondence Analysis:  representation of the 2-mode matrix graphically so that the points are clustered in a 
meaningful way 

o example: society women and social events, each become points 
o clustering individuals who attend the same events together, clustering events together that have 

similar individuals attending, and placing individuals near events they attend 
Problem: Similar to previous readings on visualization, issued arise with this representation because viewers can be 
deceived. Data is relational (binary - 0,1), making it difficult to interpret in a continuous model (values and distance 
on graph does not have meaning, though viewers likely to interpret otherwise)  
 
Solutions:  

b. Bipartite Graph: Establishes a “partition” so that entities are separated and ties occur only across the sets. This 
enables a clear visualization of linkages between the two sets. 

 
 

c. Combination – Correspondence & Bipartite Graph: nodes are positioned and grouped similar to correspondence 
analysis, but lines are added to show the links between the two entities as in bipartite graph. 
 

d. Geodesic & MDS: this approach requires computing the geodesic distances between the pairs of nodes in the 
bipartite graph to create a matrix. This multidimensional scaling (MDS) is then applied to matrix.  This visualization 
allows for better identification of central entities (actors, events, group, etc.)  

 
 

2. Measures: Concepts of network density, centrality and centralization are essential to analysis of a social network. These 
concepts remain important in the study of 2-mode networks, though modification is required in order for accurate 
interpretation (changing the denominator).  

 
a. Density: the simple measure of the number of ties actually present in network compared to the maximum number 

of ties possible in network. 
Problem: ties are only possible across the two entities, not within the two entities, so using maximum number of 
ties possible is not a suitable denominator  



Solution: define maximum ties possible as the number of ties possible if every node in one set or entity, is 
connected to every node in the second set or entity 
 

b. Centrality: 2-mode data in a bipartite graph can be analyzed using 1-mode social network analysis, though 
interpretation requires modification 

i. Degree: number of links between an entity in one set and an entity in another (i.e. number of events 
attended by each woman or number of women who attend each event). Instead of normalizing score by 
dividing  by the number of nodes in the network, must divide each score by the size of nodes in the other 
set.  

ii. Closeness: the total geodesic distance (shortest path) from a node to other nodes in the network, in 2-
mode paths cross both sets. In 1-mode data the score is normalized by dividing by the minimum score 
possible for a node in the graph (n-1), but nodes in 2-mode data are at a minimum 1 node away from 
entities in the opposite set and 2 nodes away from those in its own set; 2-mode data must be normalized 
by using the appropriate value.   

iii. Betweenness: the number of geodesic paths that pass through a node. In order to normalize in 2-mode 
data, the maximum can only be achieved for node if it is only member of set,  formula used to address 
this.  

iv. Eigenvector Centrality:  the centrality of the node is determined by the centralities of the nodes to which 
the node is adjacent.  In order to normalize, the score is divided by the square root of one half. 
 

c. Centralization: measures how central an actor or set of actors are (core-periphery); 2-mode data in a bipartite 
graph can be analyzed using 1-mode social network analysis, though interpretation again requires modification.  

i. single mode centralization: measures whether a node is central only compared other nodes in the same 
set and the nodes in the second set are used in calculating each node’s centrality score; this approach is 
preferable as it does not convert data to 1-mode which distorts the data 

d. Subgroups: nodes fall into two or more groups with some nodes bridging the groups; use standard methods (with 
modifications) to identify subgroups 

i. Bicliques: a complete subgraph of a bipartite graph, 1-mode graph where cliques are considered greater 
than a size of two, bicliques are greater than or equal to 3 (given dual nature of 2-mode data it must be 
adjusted) 

ii. Biplex:  like the 1-mode analysis, used to relax the biclique standard which allows size to be taken into 
account for the different sets 
 

Breiger (1974) –The Duality of Persons and Groups 
 

• Sociological Metaphor: People intersect one another within group or collectives based on shared interests, and in return 
these intersections define a person’s individuality and point of reference. 
 

• Operationalize this metaphor in social networks analysis:  
o Tie between Individuals = number of groups two individuals have in common  
o Tie between Groups = number of people who belong to both 

 
Membership Network Analysis Social-Relations Network Analysis or  

Conventional Sociometry” 
Similarities:  

• nodes = actors (individuals or collectives) and ties or lines = social relationships  
Differences: 

• social relationship = membership, puts the individual in 
a “dual position” where the individual is autonomous as 
well as a link to group 

• implied symmetry = if first actor is connected to second 
via membership then second is connected to first 

• implied reflexivity = an individual who  belongs to group 
relates to himself/herself (# of ties between actor and 
self is number of memberships and 3 of ties between 
group and itself is number of members) 

• implied irreflexivity = diagonal of matrix contains 0’s as 
an individual cannot be related to himself/herself 

 



• Create separate matrices to represent different levels of structure (individuals or groups) – Society Women & Group 
Membership used as example.  

o Intergroup network (groups –  group-to-group matrix) & Interpersonal Network (individuals – person-to-person 
matrix) 

 reachability in these matrices can be gained via the dual matrix 
o “Translation matrix” that is binary matrix of person-to-group affiliations where each individuals is either affiliated 

or not-affiliated with a group 
 Example: study of society women and social groups used “translation matrix” to determine cliques among 

women (because in person-by-person matrix all women were linked to each other) 
 

Faust (1997) – Centrality in Affiliation Networks  
• Affiliation Network: Set of Actors & Collection of Subsets of Actors (Events) 

o 2-mode (actors and events)  
o Non-dyadic (affiliation relation relates each actor to a subset of events and each event to subset of actors)  

 
What should be learned from centrality? What are the motivations?  
Want to achieve insight into the unique nature (duality) of affiliation relations where the “relationship between the 
centrality of actors and the centrality of the events to which they belong, or the relationship between the centrality of 
events and the centrality of their members…” pg. 165 
 

1-mode  2-mode 
• Is actor active in network? (degree centrality) 
• Is actor able to contact other actors through geodesic 

paths? (closeness centrality) 
• Is actor able to control flow of resources or 

information? (betweennness centrality) 
• Does the actor have ties to other actors that are 

central? (eigenvector centrality) 

• Must have centrality scores for both actors and events 
& relationship between scores. 

• Centrality of an actor must relate to the grouping of 
events that an actor belongs, and centrality of an 
event relates to centrality of the event’s members 

• Focuses on the links between actors and events 
through overlapping memberships  provides 
channels for the flow of information and coordination  

• Reveal the “pattern of inclusions among 
memberships,” and those who are primary actors 
(attend events independently) and those who are 
secondary actors (attend events only when primary 
actors attend) 

 
 

• Degree Centralities: multiple methods exist for calculating degree centralities in affiliation network depending on what is 
used; bipartite graph (degree centrality of the actor is number of events it is affiliated and centrality of events is number of 
actors that are linked); or one-mode networks of co-memberships or event overlaps (there is a relationship between the 
actor’s centrality and the centrality of events for which it is affiliated, as well as the event’s centrality and the centrality of 
the actors that are affiliated with it) 
 

• Eigenvector Centrality: clear relationship between centralities of the actors and the centralities of the events, so that the 
centrality of an actor depends on the centrality of the events to which it is a member and the centrality of an event 
depends on the centrality of actors that belong to it 

 
• Closeness Centrality: actors are adjacent to events only, and all paths that originate with an actor must pass through an 

event in order to each other actors, and all events must pass through actors, so the closeness is the minimum distances 
from events to other actors and events in the bipartite graph 

 
• Betweenness Centrality: links between actors always include events, and links between events always include actors, thus 

events are on geodesic paths between actors and actors on geodesic paths between events. An event increases 
betweenness centrality when the pairs of members are linked only through that event, and if an actor belongs to that event 
so that all geodesic paths from that actor must include that particular event. An actor gains betweenneess centrality when 
it is the only member of an event and all events for which the actor is a member.  

 



• Flow Betweenness Centrality: Applies betweenness centrality to valued relations (e.g. amount of interaction, number of 
settings interactions where interactions take place, etc.) Applies to 1-mode data networks of co-membership or event 
overlaps, or the bipartite graph of 2-mode data networks.  

 
• Extensions: Centrality measures rely on 1-mode data (translate 2-mode into 1-mode), but other techniques exist for 2-

mode data; these techniques present the subset-superset or primary-secondary relationships among actors and events 
o Galois Lattices –  brings together subsets and duality of the relationship between actors and events; it shows the 

connection between two sets, so in an affiliation network this would be the set of actors and set of events and the 
affiliation relationship  

 ascending line or lines connects each actor to the subset of events with which it is affiliated = lines 
connecting to actors mean that an actor belongs to a subset of events to which the second actor belongs 

 descending line or lines connects each event to the actors with which it is affiliated = line between events 
indicate that the actors affiliated with one event are a subset of the second event 

o Graph Covers – measures the ability of actors to access to information about features within the affiliation 
networks such as actors’ membership patterns so that initiate/coordinate activities within the network 

 
Bonacich (1991) - Simultaneous Group and Individual Centralities 
 

• Group centralities are a function of the centralities of their members and individual centralities are a function of the 
centralities of the groups to which they belong.  

• The standard measure of centrality assumes that the centrality of each board is a linear function of the centralities of the 
groups with which it overlaps and the amount of overlap. 

• One serious problem with this centrality measure is that it is strongly affected by the sheer size of groups and the number 
of groups to which an individual belongs. 

• This can be a major problem. For example, the size of a board of directors may reflect nothing about the position of the firm 
but simply be in conformity with some arbitrary rule. Similarly, variations in the number of memberships by an individual 
may be either meaningful or arbitrary. 

• A better way to control for variations in group size or in the numbers of individual memberships is presented. 
 
Laumann & Knoke (1987)  -  Introductory Overview  
 
A general model of policy making: 
                                                                                      monitor  
 
Consequential actors            Differentiated communication      
endowed with interests                           and resource flow structures                                                 individual events and their interrelationships 
& resources  
                                                                                      intervene 
                                                                                        
 
  
                                                         consequences for the interests of actors                        
 
Explanation of model 
 

• A set of consequential corporate actors, each possessing variable interests in a range of issues in a national policy domain 
and relevant mobilizable resources. 

• These actors are embedded within communication and resource-exchange networks. 
• The flows of specialized communications and resources among the actors enable them to monitor, and to communicate 

their concerns and intentions in, relevant decision-making events that, in turn, have consequences for their interest. 
• These events, both in themselves, as unique historical occurrences, and in their interrelationships, have critical import for 

explaining the behavior of individual actors and their interaction.  
 
 How this approach differs from other popular policy-making approaches 
 

1. Policies result from conflicts among organizational players rather than the class interests. 
2. Organizations rather than natural persons are the core actors.  



3. Network structures among organized interest groups are central to the exchange of timely policy information and politically 
useful material resources (essential to coalition-formation, influence-mobilization, and bargaining-negotiation processes) 
that ultimately create state policies.  

4. The modern industrial political organization is a complex of formal organizations in conflict with one another over the 
collective allocation of scarce societal resources. 

5. The appropriate unit of analysis for studies of policy formation is not the state understood in the institutional sense, but the 
state as a collection of policy arenas incorporating both governmental and private actors.  

 
Two assumptions of the research design: 
 

1. Corporate entities are the key state policy-domain actors. People are important only insofar as they act on behalf and at the 
behest of these collectivities. 

2. A social perspective is adopted. It assumes that beyond individual structural arrangements among these corporate entities 
must be taken into account in formulating an adequate explanation of policy domain event participation. 
 

Specifications of the analytic model 
 

1. Policy Domains - A set of actors with major concerns about a substantive area, whose preferences and actions on policy 
events must be taken into account by the other domain participants.  

 
2. Delineating Domain Membership - The members of a national policy domain are complex formal organizations rather than 

natural persons acting in their own right. Membership is the outcome of continuous negotiations between the 
consequential actors currently forming the elite, who seek to impose their preferred definitions and requirements for 
inclusion, and various excluded nonelite actors, who seek the right to participate in collective decision making for the 
subsystem as a whole.  

  
3. Structural Relations - The social structure of a policy domain refers to those stable, recurrent patterns of relationships that 

link consequential actors to each other and to the larger social system. Social structure may be usefully conceptualized in 
terms of the multiple types of ties among system members, the patterning of which, in turn, may be used to identify a 
subsystem’s fundamental social positions and the roles performed by particular organizations.   

 
The two prevailing techniques for identifying social positions are structural equivalence and subgroup cohesion. In the 
approach using the criterion of structural equivalence, two or more actors jointly occupy a structurally equivalent position 
to the extent that they have similar patterns of ties with other system actors, regardless of their direct ties to each other. 
The criterion of subgroup cohesion, on the other hand, aggregates only those actors who maintain dense mutual 
interactions either as “cliques” or as “social circles.”  
Research on interorganizational relations suggests that three generic relationships are especially significant in identifying 
social structures: 

a) Information transmission – The social structure of a national policy domain is primarily determined by the 
network of access to trustworthy and timely information about policy matters.  

b) Resource transactions – No organization is capable of generating internally all the resources necessary to 
sustain itself.  

c) Boundary penetration – Involves relationships serving both instrumental and solidarity-maintenance functions 
through the shared use of personnel.  

 
The Policy Process 
 

1. Problem Recognition - Begins with the perception of some disruption or malfunction in the ongoing operations of a 
subsystem.  

2. Option Generation – A domain actor communicates to other core actors its preferred policy option with regard to a specific 
subsystem problem or issue.  

3. Agenda Placement - Domain actors attempt to persuade the authorities to place the issue on the agenda for resolution. 
When an issue reaches the agenda, actors mobilize in an effort to influence the outcome of a concrete issue event. 

4. Events & Scenarios – When an issue reaches a national policy’s domain’s agenda, its subsequent progress can be analyzed 
in terms of discrete events. An event occurs when a concrete proposal for authoritative action is placed before a decision-
making body. The policy cycle is closed when the authorities select one option to deal with the precipitating policy problem. 

 
 



Bearden & Mintz (1987) - The Structure of Class Cohesion: The Corporate Network and Its Dual 
 
Background 
 

• Two approaches have been popular in the study of cohesion formation in advanced capitalist society. 
• One approach uses the corporation as the unit of analysis while the other emphasizes capitalists as the unit of analysis.  
• This research maps corporate interaction patterns in an attempt to address the question of cohesion within the business 

community. 
• It also focuses on identifying sources of cohesion within the capitalist class, concentrating on the role of individuals in unity 

formation.   
 

Data Collection 
 

• Data collected in 1976 from the 200 largest (sales) nonfinancial firms and the 50 largest (assets) financial institutions in US. 
• Names and executive positions of the directors on the boards these firms taken from 1977 Standard and Poor’s Register of 

Corporations, Directors and Executives.  
 

Results: The corporate network 
 

• The 1976 US corporate network is a loosely integrated uncentralized system.  
• Financial firms are the most central in the whole network and in regional group formation.  
• Although commercial banks in particular are the organizing units of the interlock network, bankers themselves do not play a 

corresponding role. 
• Outsiders (i.e. board members without executive positions in the corporations under investigation) are responsible for the 

cohesion of the system. In particular, businessmen and women without full-time affiliations with corporations are the most 
crucial actors in terms of system unity. 

• Individuals most important in solidifying the network of corporate interlocks come from two different segments of the 
business world. 

• The first group (directors from smaller firms) are likely members of the social upper class and their roles in cohesion 
formation seems to result from class position. 

• The other groups (retired executives) are recruited because of institutional position a  result of years of active leadership. 
• This suggests that there are two mechanisms for participation in general policy formation at the very highest level of 

American business. The institutional position or the elite social background serves as a vehicle for decision-making 
participation.  

• Bank boards is the location at which class relations and corporate organization are most intertwined. The boardrooms of 
the largest firms in the US are major locations for the intersection of class and institutional interests.  

 
Results: Network of relations among directors 
 

• Of the 13 components identified, most have a regional base 
• The components of the person network contain a national grouping, a seminational grouping and a number of 

geographically defined subsets.  
• This structure echoes the subgroups found in the corporation network. Findings point to the existence of a social map 

closely corresponding to the corporate map. 
• Members of the national component along with directors in the seminational grouping unite the regions and play a bridging 

role among regions.  
 
 

 
 


