Cohesive Subgroups

Based on Wasserman and Faust (1994) Chapter 7

Cohesion is closely related to concepts of strong ties among the members of embedded social groups or closed social circles. A cohesive subgroup consists of actors connected through dense, direct, reciprocated choice relations that enable members to share information, create solidarity, act collectively. Numerous direct contacts among all subgroup members, combined with few or no ties to outsiders, dispose a group toward homogeneity of thought, identity, and behavior. Examples of cohesive groups include religious cults, terrorist cells, criminal gangs, military platoons, sports teams, craft occupations, workteams, even grad student cohorts on occasion. The term clique (“kleek” or “klick”) has passed into everyday language, referring to the high-status in-crowds of schools, churches, and clubs. The concept has acquired specificity in network analysis, derived from graph theoric elements including node, line, path, geodesic distance, reachability, connectivity, component.

COMPLETE MUTUALITY

Clique – maximal complete subgraph of at least three nodes (No dyads allowed)

A clique in a nondirected binary graph consists of the largest number of actors with ties to all other clique members (i.e., no null ties). Thus, clique density is always 1.00. If any other network actor were added to the clique, the result would a subgraph having one or more null ties and hence a density less than 1.00.
A node may belong to more than one clique; at least one node differs in each clique. (Actor G below belongs to three 3-actor cliques; which are they?)
Find the four cliques within this 7-actor nondirected graph (HINT: first find all the completely connected 4-actor subgraphs, then any 3-actor subgraphs not wholly subsumed within that larger one):






UCINET’s “Networks/ Subgroups/Cliques” program computes the structure of overlapping cliques among a network’s actors:

“This analysis gives information on the number of times each pair of actors are in the same clique, and gives a single link hierarchical clustering based upon this information.” (UCINET Manual) It also prints & saves the clique co-membership matrix and a tree diagram/dendogram showing the clustering sequence.

Graph 1 below has two 4-actor cliques connected by a trio clique:


3 cliques found.

   1:  A B C D

   2:  D E F

   3:  E F G H

Actor-by-Actor Clique Co-Membership Matrix

       1 2 3 4 5 6 7 8

       A B C D E F G H

       - - - - - - - -

  1 A  1 1 1 1 0 0 0 0

  2 B  1 1 1 1 0 0 0 0

  3 C  1 1 1 1 0 0 0 0

  4 D  1 1 1 2 1 1 0 0

  5 E  0 0 0 1 2 2 1 1

  6 F  0 0 0 1 2 2 1 1

  7 G  0 0 0 0 1 1 1 1

  8 H  0 0 0 0 1 1 1 1

HIERARCHICAL CLUSTERING OF EQUIVALENCE MATRIX

        A B C D E F G H

Level   1 2 3 4 5 6 7 8

-----   - - - - - - - -

2.000   . . . . XXX . .

1.000   XXXXXXX XXXXXXX

0.098   XXXXXXXXXXXXXXX
The {D E F} clique members split apart and merge hierarchically into the two larger cliques (D into one clique, E and F into the other clique), presumably because of their preponderance ties to the other actors in those two cliques.

LOOSEN UP A BIT!

A clique imposes the most stringent definition of cohesive subgroup, because its complete-adjacency requirement means a single absent line must evict an actor from the group. More lenient membership criteria permit less-than-complete connections within a subgroup, thus allowing some differentiation in its internal structure. Several quasi-clique detection methods are available:

n-clique – specify a maximum geodesic distance (n) for all members

Every actor must be no more than n-steps away from every other actor. As the cutoff value n increases, an n-clique’s size increases but its density falls below 1.00, because some proportion of subgroup pairs have no ties, by definition.

Graph 1 above has a pair of overlapping 2-cliques: {A B C D E F} and {D E F G H}, whose respective densities are 9/15 = 0.60 and 8/10 = 0.80. We could explore their members’ centralities, ego densities, etc. 
Does this graph have a 3-clique?________ What is its density? __________
n-clan – “maximal n-diameter subgraph” (Subgraph diameter is the length of the largest geodesic within the subgraph, p. 112)

An n-clan is an n-clique in which (a) all actors are connected by paths of length ≤ n, and (b) every node is also a member of the n-clique.

W&F (p. 259) state that Graph 2 below has two 2-cliques: {23456} and {12345}. The latter clique includes #4 and #5 because they have a two-step path involving #6. Unfortunately, #6 itself lies outside the {12345} 2-clique (because #6 needs 3 steps to reach #1). Thus the {12345} subgraph has diameter = 3, because #4 and #5 require a 3-step path to reach one another. [And UCINET does NOT recognize this subgraph as a 2-clique!] The {12345} 2-clique is not a 2-clan because not all members are two or fewer steps apart. However, the {23456} subgraph is both a 2-clique and a 2-clan because all of its pairs have geodesics ≤ 2.





W&F also discuss the “somewhat different” concept of n-club (a maximal subgraph of diameter n). Apparently UCINET does not calculate n-clubs.

Cohesive subgraphs may also be identified by actors’ nodal degrees, requiring a minimum number or proportion of direct ties to other members. (For example, an exclusive club requires that 75% of current members approve every new candidate for admission.) Such subgroups may be more “robust” (less vulnerable to disruption) than an n-clique to the removal of a critical node, such as a popular actor whose many direct ties shorten the network’s average path distances.

k-plex – maximal subgraph of gs nodes, each adjacent to no fewer than gs - k nodes.

UCINET’s definition of a k-plex is the same, but a bit clearer: “a maximal subgraph with the following property: each vertex of the induced subgraph is connected to at least n-k other vertices, where n is the number of vertices in the induced subgraph.”
UCINET’s “Networks/ Subgroups/K-Plexes” program applied to the six actors in Graph 2 yields eight 2-plexes (setting minimum N=2) and seven 3-plexes (setting minimum N = 4), but just one 4-plex (consisting of all six actors):

8 2-plexes found.
8 3-plexes found.


   1:  1 2 3
1:  1 2 3 4


   2:  1 2 4
2:  1 2 3 5


   3:  1 3 5
3:  1 2 4 6


   4:  2 3 4
4:  1 2 5 6


   5:  2 3 5
5:  1 3 4 6


   6:  2 4 6
6:  1 3 5 6


   7:  3 5 6
7:  2 3 4 5 6   

   8:  4 5 6  

To illustrate the identification process, consider the second 2-plex subgraph:


Each actor must be connected to at least (N-k) = (3-2) = 1 other actor, which is true. However, if the subgraph were expanded to include actor 6, the necessary number of ties for a 2-plex increase to (N-k) = (4-2) = 2 others; but only actors 2 and 4 now meet this criterion (actor 1 has just a single tie); hence, this subgraph is not a 2-plex:

Can you show why each of the seven 3-plexes satisfy the (N-k) connections requirement (including the subgraph direcly above)? Why would adding actor 1 to the seventh 3-plex not satisfy the definition?
W&F also discuss a k-core concept of n-club (a subgraph where each node is adjacent to at least k others). Apparently UCINET does not calculate k-cores.

W&F also discuss cohesion measures based on comparing within-group to outside-group ties, such as lambda sets (266-270), and the extent of concentrated ties within groups (270-273). These topics are sufficiently advanced that we shall leave them for individual study.

DIRECTED & VALUED TIE CLIQUES

Finding the cliques in a digraph involves identifying reciprocated ties by either: (a) requiring that both dyad members report directed relations, i.e., using a minimum criterion (turning asymmetric ties into null ties); or (b) symmetrizing all ties using a maximum criterion (turning one-headed arrows into a two-headed arrows). The first approach usually creates a sparser network with fewer cohesive subgroups.

A related problem in digraph reliability is tie confirmation. Researchers sometimes ask actors, “To whom do you send a tie?” and “From whom do you receive a tie?” For example, the Laumann- Knoke-Pappi national policy domains projects asked organizational informants from where they received policy information, and where they sent such info. Two members of a dyad {AB} frequently do not agree about one another’s reports. The data thus have varying levels of confirmation (e.g., A reports giving and receiving advice from B, yet B reports only giving, but not receiving advice from A). A strict constructionist approach restricts analyses to only mutually confirmed ties, while a liberal approach argues that ignoring unconfirmed ties throws away valuable and costly data. A recent working paper by Knoke, Eliason & Chermack (2008) investigated the effects of organizational status on confirmed versus unconfirmed directional ties using the U.S. labor policy send-receive information networks.
Peay (1980) classified four kinds of digraph dyads <ni, nj> with increasingly strict connectivity:

· Weakly n-connected: i and j are joined by a semipath of length ≤ n

· Unilaterally n-connected: a path of length ≤ n from i to j or from j to i

· Strongly n-connected: i and j are connected by two reciprocal paths of length ≤ n (the paths may have different intermediary nodes and lines)
· Recursively n-connected: the strongly n-connected path from i to j uses the same intermediary nodes and lines in reverse order as the path from j and i
Applied to cohesive subgroups in digraphs, Peay’s definitions identify four types of n-cliques: weakly, unilaterally, strongly, and recursively connected n-cliques. (See details and example in W&F p. 276-277.)

Social cohesion also applies to networks with valued relations (valued graphs), i.e., the lines have numbers that represent strength or intensity of the relation. The researcher decides that dyads must all have ties ≥ c, a threshold value for inclusion in a valued clique, n-clique or k-plex. For example, a trading clique of nations must each exchange at least $10 billion annually. W&F (279-282) describe techniques for finding such cohesive subgroups by dichotomizing the valued matrix at threshold c. As c changes to successively lower threshold values, more & larger cohesive groups typically emerge, like tropical archepelagos of volcanic islands rising from an ocean.
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