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Communication and Stability
in Social Collectives

Raymond Trevor Bradley and Karl I Pribram

: z ABSTRACT —

A theory of socinl communication is developed 1o explain the endogenous processes hy which stabte organiza-
tion is achieved in social collectives. The theory shows how twa orders of social relations, flux (the distribulion
of energy} und contref {spatial and tempora] constraints vn behavior) activate the potential energy of the collec-
tive's members—their capacity for physical and social behavior—and directs the expenditure of this energy
towards collective ends. The work is divided into two parts and begins inductively, in Part |, with an empirical
analysis using existing data from a longitudinal study of 46 social collectives. Sociometric measures of flux and
control are developed and their relnlionship to stability (grovp survivall is investigated. Results from statistical
analyses, including multivariate discriminant analysis, show that the interaction between the two relational orders
is a strong predicior of stability, while measures of the collective’s normative and structural organization and of
e members' social characteristics bave no predictive power, Building on these results, Part 2 draws on the con-
cepts of energy and information from the natural sciences 1o show how the interaction between flux and control
operates as an informition processing system. The interuction between the 1wa. orders effects stability by gather-
ing und comimuntcating informution ahout internal organization throughout the colleclive. The imteraction in-
forms (gives shape (o) the members' expenditure ol energy amd resulls in siable, effective collective organization,
The work voncludes with a theoretical malel that shows how different patterns of endogenous communication,
different configurations of thix and control, produce various stales of functional and dysfunctional organization,

i, Introduction

Explaining how social collectives are organized to function as stable, effective units has long
been one of the primary goals of social science (Comte, 1851-54). An understanding of sta-
bility, the means by which structural integrity und functional viability are sustained, is of pri-
mary importance for social Iheory in that a stable platform of organization is a necessary
prerequisite for any kind of effeclive collective action.
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information processing system. However, because the dynamics of energy relationships and
regulatory processes in social systems are still only poorly understood (Abraham & Gilg'en,
1995; Dendrinos & Sonis, 1990; Kauffman, 1995), we draw on concepts and insights from
non-linear dynamics—so called “chaos theory”—(Nicolis & Prigogine, 1977; Prigogine &
Stengers, 1984) and from the physics of signal processing (Gabor, 1946) to help explain the
endogenous movements of energy and information that generate stable collective organiza-
tion. The report concludes with a theoretical model relating different patterns of endogenous
communication to various states of collective action.

2. Part 1: Communication in Social Collectives

The concept of communication we develop in this paper focuses on an elemental order of
information processing, an order that is different from, though related to, the concept of
(human) communication ordinarily used in social science. Emphasizing the cuttural basis of
human sociation, the term is normally used to denole interaction which involves the exchange
of normatively defined meanings and understandings among purposeful social actors {Cherry,
1966). Irrespective of whether it occurs in an interpersonal or a collective context, communi-
cation is viewed as centered on the individual—transpiring between or among self-conscious
actors, either in the pursuit of their own goals or in the roles they play as agents for collectives
(Rogers & Kincaid, 1981, Jablin, Putnam, Roberts, & Porter, 1987)—and as localized to cer-.
tain purposefully seiected bonds rather than distributed through ali connections in the collec-
tive. ' '

Our concept is similar to the nolion of communication that underlies the “connectionist”
computational models of “brain-style processing” (Rumethart, 1992, p. 69). In these models
synchronous parallet distributed processing among densely connected artificial “neural net-
works” is shown capable of encoding and "learning” quite complex knowledge patterns (see
Rumelhart, McClelland, & PDP Research Group, 1986; McClelland, Rumeihart, & PDP
Research Group, 1986, for examples). Here, information processing (computation) occurs in
the pattern of excitatory and inhibitory relations that interconnect all of the nodes of the “neural
network;"” it does not poccur-in any single “neuron’” or node. This is. the same core idea in our
concept: a field of relations in which it is the interpenetration—the conjunctive interplay—
between two different orders of social connection that processes and transmits information
throughout the collective. However, as described below, the field concept implies a harmonic
rather than a discrete operation of interaction among the individuals composing the collective,
Thus, rather than being centered on particular social actors or certain subsets of bonds, as in
the “blockmodel” analyses (e.g., Freeman, White, & Romney, 1989, White, Boorman, &
Brieger, 19?6) and “‘system dynamics” models of social systems (Forrester, 1968; Legasto, For;
rester, & Lyneis, 1980), the locus of communication in our concept is the interpenetration of
networks of social relations connecting all members, Block modets and systems dynainics mod-
els become subsets of the field of communication under specified constraints,

2.1.  Conceptual Foundations

Social science has long recognized the importance of two basic patterns of social orga-
nization. Conceptualized by classical social theorists as a distinction between gemein-
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schalt and gesellschaft social organization (Toennies, 1957), or between organic and
mechanical soctal solidarity (Durkheim, 1949) etc., modern social observers have found
the two patterns in a wide variety of social contexts and have used a number of different
terms to describe them—informal versus formal organization (Roethlisberger & Dickson,
1939), natural versus rational systems (Selznick, 1948), socio-emotional versus socio-tech-
nical systems (Trist & Bamforth, 1951), expressive versus instrumental leadership (Bales,
1958), communitas versus structure, (Turner, 1969), nominal versus graduated parameters
of structure (Blauw, 1977), markets versus bierarchies (Williamson, 1975). and most
recently flat structure (networks) versus hierarchical networks (Burt, 1992), among others,
Underlying these conceptualizations is a deeper (often implicit) dimensionality. They
make a distinction between field-like and hierarchical Torms of organization,? respectively:
between a pattern of social relations that is Muid and transitory, based on an equivalence
among individuals, and a pattern that is ordered and stratified based primarily on relations
of social status and social control.

By “ficld-like” we mean an order of social connection that, like the structure of a market
ecanomy, is distributed over the whole region of a social space. Because it is the intermediary
for the continuous Aow of all interactions and transactions among individuals, encompassing
verbal, gestural, and behavioral modalities, it is an order that is in a constant state of Auctua-
tion. We refer to this order as flux which, interestingly enough, is defined in The Concise
Oxford Dictionary as the “flood of talk” and denotes a “continvous succession ol changes”
(Fowler & Fowler, 1964, p. 469}. Such an order is essentially holographic-like in organization
in that each interaction enfolds the operations of the collective as a whole in much the same
way that each transaction in a market economy enfolds the activity of the entire market place
(Pribram, 1982). As we shall see, this concept of flux (of a wholistic field of social connection
through which all interactions are processed) is one of the central concepts of the theory.

Previous analyses of the groups in this study (Bradley, 1987; Bradley & Roberts, 1989a;
1989h; Carlton-Ford, 1993; Zablocki, 1980} have shown that these two patterns of organiza-
tion form the communicative structure. A similar linding, documenting the importance of
both reciprocity and transitivity in comimunication, was made by Rice (1982) in a study of net-
working in computer-conlerencing systems. As shown for the stable groups (groups surviving
at least 24 months beyond measurement of their social stnicture; see Figure 1),” one of these
patterns is a dense web of reciprocated relations of positive affect intercotmnecting virtually all
members. This web is organized as a field, a distributed, massively pars alle! order of symmet-
rical ties in which individuals are essemtially interchangeable. There is an absence of social
differentiation so that all individuals are interconnected by an equivalent (equi-valent, of
equal value) relation which allows unrestricled movement of interactional content throughout
the web. This notion of field is consistent with the ideas of social networks theotists who
argue that elfective communication among individuals is a {uncllon of ‘the potential sociat
connectedness in a network: the density of “weak [soctal] ties” (Gmnovctlel I9'H) the social
intra-connection among individuals in structurally equivalent “blocks (White, et al., 1976),
the capacity of “q-connectivity” to generate interaction (Atkin, 1977, Doreian, 198(). or the
availability of indirect linkages (provided by third parties) across “structural holes” (Burt,
1992).

The second pattern is a densely intetfocking order of power relations which also extends
to connect virtually all individunals. This is a hicrarchical order, a vector of transitively-ordered
relations which defines, for each individual, a position that is spatiatly and temporally local-



Communication and Stability in Social Collectives—- 33

Group One Group Two Group Thrao

Group Sz

e,
SD—
i

=
il
s
-
g )

' ‘“'"._'"'Z'\

——

"
LD ™ -

STABLE COMMUNES

QAroup Seven

W rmbytiory ’ Srsig Sxt2
e e oo
Group Ton Group Elavan Group Twalva

o8
o
EEY
Me relrtions Power:
5] I -~ =p
UNSTABLE COMPMUNES Lovieg: DDt p

Figure 1. Sociometric Structure of “loving” {Field-Like) and “power” (_}l"i{:rarcH})_fl.-_:_.R:e_lalions in
Selected Stable and Unstable Communes. : oo



34 —— RAYMONLY TREVOR BRADLEY AND KARLIL 'RIBRAM

ized and, therefore, is unique. The relationship between the two orders was found to be
slrong]y associated wilth group survival (see Bradley, 1987, Chap. 7; Bradley & Roberts,
1989a).

This relationship between relations of positive affect and social control has also been
empirically documented in the dyadic systems involved in infant and child development.
Thus, in an aptly titled volumne, Affect Regulation and the Origin of the Self, reviewing the
extensive multi-disciplinary research on infant development, Schore (1994) shows that the
requisite neurobiological organization for the development of a stable self is prompted by
interaction (touching, holding, feeding, and especially mutual eye gazing) along two dimen-
sions in the mother-infant dyad: one involving the stimulation of positive affect and a second
entailing modulation and regulation of the infant’s affective response. Schore shows how a
breakdown in the relationship resulting in a prolonged exposure to heightened negative affect
during a critical period (approximately the first year of life) can affect the growth and organi-
zation of the infant’s developing frontal cortex with enduring pathological consequences for
subsequent social behavior (see Schore, 1994, p. 159-167). Hinde (1992) provides evidence
allesling to the continued significance of interaction along these two dimensions for the devel-
opment of the young child. Drawing from a study of aggression among four-year olds in pre-
schools, he reports (on the basis ol “three replications™) that aggression was {ound to be lower
when “maternal warmth” and “maternal control” in the mother-child relationship were “more
or less in balance” (see Hinde, 1992, pp. 1,025-1,026, especially Figure 5).

Following up on these and the earlier findings from the groups in this study that
describe whar the communicative structure was composed of, the aim here: is to under-
stand liow—the processes by which-—the inleraction between the field and hierarchical
orders operates as a communication system. More specifically, ‘two questions  are
addressed. The first is whether the interaction between the two orders can be best under-
stood as an instance of mformation processing in which data about the movement of
energy (that we describe below as flux) and data about spatial and:temporal constraints on
each member’s behavior (control) are combined to create information-about the collec-
tive's endogenous organization. The second question is whether insights from non-linear
dynamics can illuminate the movements of energy in the interactions among members
which compose the field; and whether insights from signal processing can show how the
operation of hierarchical constraints on the movement of energy creates information

describing the collective’s internal structure.
2.2.  Theoretical Frantework

To develop a sociological understanding of how the two patterns of relations (flux
and control) operate as a communication system, we begin with the premise that collec-
tive organization is, first and foremost, a relationship of collaboration—of individuals
working together (o athieve a shared end.* This is consistent with Searle’s (1995) notion
of “collective intentionality.” Searle argues that “genuine cooperative: behavior” is the
basts for a nonreductionist order of social life: “The crucial element in collective intention-
alily is a sense of doing (wanting, believing, etc.} something together, and the individual
imentionality that each person has is derived from the collective mtcntxonallty that they
share” (Searle, 1995, pp. 24-25; italics in original).
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To collaborate emtails work in the form of physical behavior and social interaction,
and work requires a supply of energy. We will assuine that, as biological organisins, the
members of a social collective are the source of this encrgy, and that they expend this
energy as they work and interact in relation to realizing a shared goal. In addition to the
availability of a pool of potential energy, collaboration also requires that each individual’s
expenditure of this energy be coordinated and directed toward the collective objective.
Thus collaboration involves two complementary processes. The first is flux, the constant
movement of energy throughout the collective as it is activated and expended by the mem-
bers in physical behavior and social interaction. The second is control, the construction of
a system of social constraints which directs the expenditure of energy into collective
action. As described below, the interpenetration between flux and control operates as a
communication processing network that in-forms the transformation of potential energy
into cotlective work.

The movement of energy (flux) occurs as a distributed, masswcly parallel process
which can be thought of as a field of equi-valent relations interconnecting all members
(see Figure 1, above). This field is established by membership in the collective which cre-
ates a sociocultural boundary separating members from nonmembers, Membership thus
effects a nominal bond of connection by which all members are attuned to one another.
As an undifferentiated web of connection extending throughoul the colleclive, thls field is
the intermediary for all interactions mmong individuals and, h&nce, it is the order through
which all movement of the collective’s energy is processed. The collective operates on
this field of relations to activate individuals to action by arousing affective attachments
among members. Arousal of affective bonds excites emotions, thereby mobilizing the indi-
vidual's propensity for action (Pribram & McGuinnes, 1975; 1992, Schore, 1994) and,
thus, the potentiat for expending energy (sce Pribram & Bradley, 1998, for documentation
of the neurobiological and psycho-social processes invoived). Thus, the level of aroused
affect is reflective of the degree -of the members' activation to action. It is a measure of
the amount of potential (biological) energy that has been mobilized and is available for
collective (or individual) use. : :

The second process is control, a system of social constraints that opcrates to channe]
the members’ energy toward collective ends and prevents the energy’s dissipation in
other social activity and physical behavior. The controls influence the movement of
energy by constraining the spatial and temporal direction of the paths of flux, thereby in-
forming (giving shape to) the colisborations among individuals. This .control is' achieved
by the hierarchical order which, as described above, is a vector of transitive relations con-
necting all individuals. By differentially constraining the paths of inter-action by which
individuals expend their energy, the controls render an informed patlern of collective
organization. _

However, there are limits on the total ainount of information generated by lux and con-
trol that can be processed efficiently (Bradley & Pribram, 1997a). Amounts that fall outside
the limits—amounts that either exceed the collective’s processing capacity or amounts that
are insufficient to inform energy activation and expenditure—increase the likelihood of col-
lective dysfunction and instability.

Using existing data from an earlier study of 57 social collectives (Bradley, 1987), in
the next section we present the results of an analysis we conducted on the relationship
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Table |
Urban Communes Sample: Social Charactertstics of Adult Population and Commnrunes

Characteristics of Adult Population {15 years and older; N = 545}

Median age 25 years
Percentape male 549
Percentage single, never married 2%
Percentapge with college diploma ) 505
Percentage with white collar or professional ocenpation 63%
Percemtage with FT or PT job 67%

Characteristics of Communes (N = 57)

Mean size (adult members) 9.9
Percentage existed two or more years 42%
Percentage with “many” rules 21%
Percentage assign or rutate chores S1%
Percentage have communal business or jubs 6%
Percentage requiring noviliate or trial membership 3%
Mean percentage members holding formal positions or oflice 419!
Percentage ideology “important” Lo group 79%
Percentage without leaders 30%
Ideologica! Type: T
Religious 40
Political or counter-cultural 26
Personal growth, household, or family _ 34

' 100%

Nores: 1. N =273, respondents to the "Long Form' interview.

between flux and control, and stability. We begin with a description of these data and our
operational procedures.

3. Empirical Procedures
3.1, Method and Data

The data presented in this report were gathered over a decade ago as part of a nation-wide
longitudinal field study of sixty urban communes (Zablocki, 1980). A commune was opera-
tionally defined as a minimum of three families, or five nonblood-related adults (persons aged
15 years or older) who shared, to some degree, common geographical location, voluntary
membership, economic interdependence, and some program of common enterprise—usually
spiritual, social-psychological, political, cultural, or some combination of these (Bradley,
1987, p. 14). Stratified on a number of basic social characteristics, and sampled in equal num-
bers from six Standard Metropolitan Statistical Areas (Atlanta, Boston, Houston, Los Ange-
les, Minneapolis-Saint Paul, and New York), a variety of formal and informal methods were
used to study the communes. While descriptive data from 57 communes® are used in this
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report (see Table 1), for reasons mentioned below, our analysis involved data from 46 com-
munes. | '

A number of social characteristics make the communes an ideal research site for the study
of colleclive organization. As small, bounded, diverse, social entities (based on voluntary
membership) in which members share, to soie degree, a common culture and purpose, com-
munes share many organizational features with other smali-scale organizations and social
groups. Also, they are accessible to study as social wholes; it is possible to establish a bound-
ary for the sysiem, to enumerate all members and investigate the arrangement of social rela-
tions that conpect them. And while they are not microcosins of larger sociat entities {Zablocki,
1880, p. 6), they may nonetheless shed light on common underlying structures and processes.

In terms of the sample’s social characteristics (Table 1) at the time of the first wave of
data collection {the summer of 1974), the cominunes ranged in size from five to 35 permanent
adult members {mean size = ten members) and had been in existence from three months to
nine years (mean commune age = three years). A tolal of 566 adults (fifteen years and older,
mean age = 25 years), with slightly more men than women, were residing in the communes;
most had never been married. Being a generally well educated population, most reported
working at a full-time white collar or professionat job.

In terms of social erganization, the communes covered a wide spectrum of cultural values
and included Christian religious, Eastern religious, personal growth, fam_iiy. coutter-cultural,
and political ideologies. Most communes had special requirements for membership and most
also had incorporated elements of formal organization into their sociai structure (e.g., chore
rotation, mandatory rules, positions of leadership and office, decision making procedures,
group rituaals, etc.). '

Format and informal methods were used to collect two panels of data, lwelve months apart,
during the summers of 1974 and 1975. Data on commune survival status were also gathered
for an additional two years. A number of structured interviews and guestionnaires were admin-
istered to all permanent aduit members to gather information on social background, communal
involvement, self concept, and attitudes. Dala on the organization and activities of each com-
mune were collected by field worker observations and taped interviews during the summer.

A sociometric instrument (Table 2), the primary source of the data presented in this
report, was administered to map the structure of social relationships in each commune. Each
adult member was asked a number of questions aboul the content of his or her relationship to
each other member, thus providing an exhaustive mapping of the N(N-1) possible dyadic rela-
tions in the group (where ¥ = the number of permanent adult members), The instrument was
administered under strict field worker supervision to ensure that there was no cotlusion among
members in answering the questions,

Although all except one of the 57 communes cooperated with the administration of the
sociometric instrumet, the quality of responses in eleven groups was unsa{lsfactory in that
missing data (“no answer,” “incomplete,” or an “uncodeable” response) were greater than
25% of the total of poss:ble relations in these groups, and contained, therefore, an unaccept-
able level of potential structural bias (see Bradley, 1987, p. 24, Note 19; p. 98, Note 3). As in
the original study, these eleven communes were excluded lrom the structural analysis. This
means that the results from the sociometric analyses presented below are based on relational
data collected lrom 46 communes. '
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Table 2
Sociomelric Instrntnment

The foliowing set of questions is from “page three™ of the "Relatlonships Questionnaire” (see Bradley,
1980, for the complete instrument) and is the source of most of the relational data Bradley analyzed in
his study. Each respondent received a questionnaire with multiple copies of "page three” inserted in it
one page for each of the other adult residents. For example, a respondent in a commune of nine adults
would recefve a quesiionnaire with eight copies of “page three.” Each copy had one of the mesbers’
names typed at the top (e.g., “This sheet is about __ "). By completing this questionnaire, each
respondent supplied information systematically dexmhmg his/her refallonchtp with each of the other
members of their commune,

5. This sheet is about __
a. How long have knnwn the above named person? Years__ Munlhq o
b. In your own words briefly characterize the changes which have oc occurred.in your unique
re]almmhrp with this person as a fellow commune member over the last twelve months or,
if less, for the time you have known each other.

n

. How many hours in a typical week do the two of you spend together just by yourselves?

d. If you happen to know it, state what kind of work (his/her) father did while the person named

above was growing up. — e
e. Even the most equal of relationships sometimes has a2 power elemenl involved. However

insignificant it may be in your relationship with this person, which of you do you think holds
the greater amount of power in your relationship?

f. If this commune did not exist, would you want to have a close relationship with this person?

g. For the list of descriptions below, indicate if the following are involved in your relationship with
the person named above by checking the appropriate answer. Please answer each of the

following:

Work together Yes _ No__ Sometimes
Spend free time together Yes __ No_ _ Sometimes __
Mind children together Yes __ No_ _Sometimes ___
Sleep together Yes _ No___ Sometimes ____
Conlide in each other Yes ___No___ Sometimes ___
Loving Yes ___ No__ Sometimes _
Exciting Yes___No__ Somelimes
Awkward : Yes _ No__ Sometimes ___
Feel close ko each other Yes _ No_ Sometimes
Tense Yes  No_ _ Sometlimes
Jealous Yes _ No__ Sometimes ___
Agree on communal policy Yes ___ No___ Sometimes ___
Feel estranged from each other Yes _ No_ Sometimes
Exploitive Yes ___No__ Sometimes ___
Hateful Yes_ No___ Sometimes _
Improving Yes _ No__ Sometimes ___
Sexnal Yes __ No___  Sometimes ___

h. Do you leel that the overall relationship between the two of you is more important to you, or do
you feel it is more important to the above named person?
More impordant-to you _ More important to him/her _____
i. In your relationship with this person, does befshe ever act to you as a father or mother,
sister or brother, son or daughter, or none of these?




Connnocation sond Stabilty in Socud Collectives 39

3.2, Operationalization

Sociomelric procedures were used 10 operationalize the concepts of flux and control.
Administered to every adull member in each commune, the sociometric instrurnent, men-
tioned above, generaled an enumeration of all possible dyadic relations in which the relation
between each pair of individuals, i and j, was measured from both sides of the dyad (namely,
from i to j, and from j to §). We followed Bradley and Roberts’ (1989hb) gmdelmes for socio-
melric measurement (specifically, the operational logic of their *Model 1V”; sec pp. 10440?)
1o construct measures of flux and control from these data.

Flux, the activation of potential energy, was measured by a positively rcciprocaled
response {(an answer of “yes”) by both individuals® 1o either the “loving,” “improving,” o
“exciting” questions (see Question 5g, Table 2). This operationalization follows from thc
expected role that mutuai bonds of positive affect play in arousing the individual's potential
energy—their propensity for action—and, thus, in enhancing the distribution of flux as
described above. It follows, too, from the original study in which il was found that other
dyadic measures of positive affect had littte descriptive or explanatory utility; this result was
also true for ithe measures of negative atfect (see Bradley, 1987, p. 83-99).

Two group-level dyadic measures of flux were developed from these responses. The first
involved computing the mean proportion of mutual loving, mutual improving, or mutual
exciting relations in each commune. For the second measure, only those relations for which
both individuals responded with an answer of “yes” to each of the “loving,” “improving,” and
“exciting” questions were used. Then 1he mean proportion of these relations were computed
for each group. The two measures appear (o distinguish different intensities of flux. Thus,
because all three contents must be mutually agreed as present in the relation between i and §
(i.e., involve mutual toving AND mutual improving AND mutual exciting contents), the sec-
ond measure characterizes a higher intensity of flux (hereafter referred to as high intensity
flux), whereas because only any one of the three contents is required for the first measure, a
lower intensity of flux (low intensity flux) is indicated. While most of the analysis was con-
ducted with the measure of low intensity flux, the measure of high intensity flux was used to
~ aid the understanding of energy dynamics in colleclives undergoing radical social change.

Control, the operalion of constraints on the activation of potential energy, was measured
by the “power” question (Question 5¢, Table 2). Following the operational procedures used
in the original study, all responses that unambiguously indicated the asymmetric ordering of
the relationship—i.e., which of the two individuals (the respondent, i, or the other individual,
J) held the “greater amount of power”—were used. Thus, in addition to dyads in which both
individuals agree about the order of power (i.c., { claims power over j and j defers to i, or vice
versa), others were included as well: dyads in which one individuat responded with a claim or
a deference and the other said the relationship between them was “neutral” or “equal,” or gave
“no answer” (i claims power over j and j says the relation is neutral/equal, j gave no answer,
or the converse; or i defers power to f and j says the relation is neutral/equal, j gave no answer,
or the converse). However, responses that indicated explicit disagreement (i.e., i and j both
claim power, or i and j both defer power to the other) were excluded. This was done not only
because these responses fail to indicate the directionality of the power relation, but also
because they bave been shown 1o produce spurious tmages of network structure (see Bradley,
1987, Figure 9: 4b; Bradley & Roberts, 1989b, p. 121).
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Figure 2. Isomorphic Triad Types Showing Symmetric Triads and Asymmetric Triads. Holland and
Leinthardts’ sixteen isomorphic triad types: the 16 isomorphism classes for digraphs with g = 3 (that is,
the triad types). Triad labeling convention; Lhe first digit is the number of mutual dyads: the second digit
is the number of asymmetri¢ dyads; the third digit is the number of null dyads: trailing letters further
differentiale among the triad types. Four symmetric triad types (unbroken circle) were used in the
structural analysis of FLUX refations and seven asymmetric triad types (broken circle) were used in the
analysis of CONTROL relations; the “vacuous™ 003 triad was used in both analyses. Redrawn from
Holtand and Leinhardt (1976: 6, Figure 2). "

The subsets of relations that met these operational definitions for flux and control were
then translated into symmetric and asynnnetric sociomatrices, respectively, to encode the dis-
position of these dyadic relations among all members in each group. A binary coding was used
in which, for flux, a value of 1 (one) indicated the presence of a reciprocated relation, and for
control, a value ol | (one) indicaled Lhe presence of an ordered relationship (ie., i —> j= 1,
controt flows from i to j; j —> i = |, control flows from j to i); any other condition, for either
flux or control, was indicated by a value of 0 (zero). The mean results for the 46 communes
on these dyadic definitions of flux and control are provided in the Appendix.

The final step entailed the use of triadic anafysis (Holland & Leinhardt, 1976)—a tech-
nigue for analyzing the structural organization of social networks—as the iheans to build
structural indices of flux and control. This technique first subdivides the sociomatrix into tri-
ads, and then, through a census of the 64 different possibie triadic configurations, classifies
the array of triads for the group into 16 isomorphic triad types (see Figure 2).
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The triad types are distinguished ltom one another structurally by their coﬁ]position in
terms of three kinds of dyads: Mutual dyads, in which a symmelric relation connects the two
individuals; Asymmelric dyads, involving an ordered or directed relation between the two;
and Null dyads, in which there is no relation between the two. Hence, each triad type can be
uniquely identified and labeled in terms of its dyadic composition. For example, the 012 triad
{see Figure 2) has no Mutual relations. one Asynunetric relation, and two Null refations.

Of the sixteen triad types, three are symnetric in forn in that they are composed exclu-
sively of positively reciprocated dyads (see Figure 2: the 102, 201, and 300 triad types,
enclosed by a solid circle). Aggrepated across the “loving,” * improving,” and “exciting” rela-
tions, the mean sum of Lthese three triad types as a proportion of all possible triads in a com-
mune was used as a structural measure of the amount of low intensity flux. For a structural
measure of the amount of high intensity {lux, the sum of these triads composed of dyads
involving all three contents (i.e., where the refation belween i and j involved mutual loving
AND mutual improving AND mutual exciling contents) was computed as a proportion of all
possible triads tn each commune.

The (wo bar graphs in Figure 3a plot the distribution of the 46 conununes on the two
measures. The bar graph for low intensily flux shows a positively-skewed distribution
{mean sum = .629, standard deviation (SD) = .196) with a dip of the incidence of groups
in the 400 to .499 range. while the bar graph for high intensity flux shows a strongly
declining negativety-skewed distribution {(mean sum = 262, 5D = .260) composed of two
clusters of communes: the main cluster of 39 groups in the zero to 499 range .and a sec-
ond cluster of seven groups in the .600 to 1.00 range: the two clusters are separated by an
absence of communes in the .500 to .599 range.

Seven other triad types (enclosed by a broken circle in Figure 2) are composed exclu-
sively of asymmetric dyads. In constructing our structural measure of control, we selected tri-
adic configurations consislent with our conception of control as a vector of transitively
ordered relations connecting all individuals. Opcrattonally, lus translales mto triadic config-
urations in which control flows from a single source to link the three mdmduaiq involved in
a transitive order. This was true for only three of the triad types—the 021C, the 0210, and the
030T—where control flowed from the sociometric “leader,” either directly through a single
connection from that source (the 0211), or through a path of indirect connections flowing
solely from that source (the 021C and the 030T). Of the other four triad types, the 003 was
excluded because it is vacuous with no relations of control; the 012 was excluded be cause
only two of the three individuals are connected by control; the 021U was excluded because
two different paths of control, which lack a common source, flow to a single individual; and
the 030C was excluded because control flows i a never-ending intransitive cycle. These tri-
adic differences can be seen in the structural organization of the stable and unstable com-
munes shown in Figure 1, respectively. Accordingly, the incidence of the 021C, the 021D,
and the O30T triad Lypes, when summed and expressed as the proportion of all possible triads,
was used to measure the amount of control in each commune; the three triad types constituted
just over half (.509), on average, of all possible triads in the commulnes._g A bar graph of the
résult for all communes, showing a bi-modal distribution with two peaks in the .400 - 499
and .600 — .699 intervals (separated by a dip in the .500 — 599 interval), is shown in Figure
3b (mean sum = 510, SD = .218).

The mean results of the triadic census for all communes on Iow and high intensity flux
and on control are provided in the Appendix.
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Fignre 4. Scatterplot of All Communes (N = 46) by Flux and Control at Time | (outlying cases shown
as hollow dots),

Stability, the degree to which the collective is able to maintain structural integrity and
functional viability as a self-sustaining entity, was measured by a commune’s survival status
at a specific moment in time. Classified into one of two categories, survivor or nonsurvivor,
each commune'’s stability was determined at each of the four successive twelve month inter-
vals that observations were collected; Time O is the point in time when a commune was
founded and Time 1 is the moment of the first wave of dala collection (August, 1974). Starting
with Time 1, measurement of each commune’s stability (survivai slatus) ‘was made at
twelve-month intervals for the succeeding four years, that is, through Time 5. Twenty-two
(48%) of the 46 communes survived the 48 month observation period. A pattern of declining
instability over time was observed, from 24% by the end of the first twelve months, at Time
2,10 8% by the end of the last twelve months, at Time 5 (see the Appcndix).9

4, Analysis and Results

The objective of our analysis was to determine the degree (o which the expected relationships
between our measures of flux, control, and stability, as described above, were observed in the
data from the communes study. Among other techniques, a spatial represemtation of the data
was derived since the framework upon which the expectlations are based rests on a field-theo-
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retic conception of energy. This conceptuadization of the colfective’s potential for action as an
endogenous field of energy operates along two dimensions: an unordered dimension of equiv-
alent, symmetrical relations (flux); and an ordered dimension of {transilive) asymmetric rela-
tions differentiated by spatio-temporal position (control). We begin with an analysis of the
relationship between flux and control; unless otherwise indicated, we use the measure of low
intensity flux as just described.

4.1.  Relationship Between Low Intensity Flux and Control

Data bearing on the relationship between flux and control are shown in the scatterplot in
Figure 4. In accordance with the dimensionality of our concepts of flux and coniral, the mea-
sure of control is the vertical ordinate and that for flux is the horizontal ordinate. It can be
seen that the null hypothesis—an equal or random distribution of groups over all locations in
the endogenous field—does not hold, and that the low non-significant correlation (Pearson’s
r=.12; pr. > 43) actually masks a non-linear association. Moreover, with the exceplion of
five oullying cases (hollow dots in Figure 4), a triangular distribution is observed with a wide
base and an apex in the high flux/high control region (upper-right quadrant). Accordingly,
there is an absence (with onc exception) of communes in the high Aux/low control region
(lower-right quadrant), an absence in the low flux/high control region (upper-left quadrant),
and (with two exceptions) an absence of communes in the low flux/low control region
(lower-left quadrant),

4.2.  Relationship of Total Amount of (Low Intensity) Flux and Control to Stability

Data on the amount of information generated by flux and control and its relationship o
stability is presented in Figure 5. A measure of the total amount of information generated by
these orders in a collective at a given moment in time was computed by combining the mea-
sures of flux and control.'’ This was obtained hy sununing the measure of low intensity flux
and the measure of control at Time | {or each commune, and averaging the product {the mean
for all communes = .569; median = 552, and SID = .155). The values for all commiines were
grouped into .10 intervals and, holding these values on this measure constant at Time |, the
sample was partitioned by survival status and the distribution of survivors and NONSUIVivors
was plotied on a time series ol bar charts at tweive month intervals, that is, from Time 2
through Time 5 (see Figure 5).

Examining the pattern of results in Figure 5, two things stand out. First, the distribution
for the total amount of information for all communes at Time | approximates a normal distri-
bution with 67% falling within one standard deviation of either side of the mean. Second, this
bell-shaped distribution gradually devolves over time into two contrasting patterns that are
virtually the inverse of each other by Time 5: a single-peaked distribution for the twenty-two
survivors with its mode (9 cases, 41%) in the .500 — .599 interval; a bi-modal distribution for
the twenty-four nonsurvivors with its trough (2 cases, 8%) in the .500 — .599 interval and its
twin peaks (6 cases, 24%, each) in the two adjacent intervals of 400 — 499 and .600 — .699.
This difference in survival rates between the groups in the .500 — .599 interval and the other
groups outside this range is statistically significant {chi-square = 6.695, pr. = .010}.

Taken together, these two patterns appear to mark the bounds of a region where the prob-
ability of stability is maximized, that is in the .500 — .599 interval. So that although, in this
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Figure 6. Scatterplots of communes on Flux and Control at Time | by Stability at Time 2 and Time 3.

interval, the rate of instability for all communes is lowest (18%, two of eleven groups), it
rises sharply in the adjoining intervals: 60%, six of ten groups in each of the .400 — .499 and
.600 — .699 intervals; 75%, three of four groups in each of the .300 — .399, .76G0 — .799, and
.800 — 899 intervals. When computed {or the communes in the two sets of adjoining intervals
at Time 1, the rate of instability by Time 5 for each grouping of communes is 63% (twelve of
nineteen groups at .600 and above, and ten of sixteen groups at .499 and below), which is sig-
nificantly different than the 18% for the eleven communes in the 500 — .599 interval
(chi-square = 6.966, pr. = .035). Thus, it would appear that the total amount of information
generated by flux and control in the intervals above .599 was excessive in terms of informa-
tion processing capacily, whereas the amount of information in the intervals below .500 was
insufficient to sustain a viable collective.!!

4.3.  Relationship of (Low Intensity) Flux and Control to Stability

Figure 6 presents a time-series of scatterplots showing the relationship between flux and
control at Time 1 to stability at Time 2 and at Time 3—in other words, the relationship
between the composttion (in terms of low intensity flux and control) of the information pro-
vided by a collective's communication syslem at a given point in time and the stability of the
collective at two successive moments in the {uture. The scatterplot on the far left-hand side is
for all communes plotted by their values {or flux (horizontal ordinate) and control (vertical
ordinate) at Time [, the first point of measurement. Holding the values for each commune on
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flux and control constant at Time 1, the scatterplots for Time 2 and Time 3 are divided into a
plot for survivors (top row of scatterplots in Figure 6) and a plot for nonsurvivors (bottotn
row). This provides a view of the relationship between the structure of the endogenous order
at a given moment in time and collective slability at twelve and at twenty-four months later. 2

Starting with the baseline pattern al Time t for all communes, three patterns become
increasingly evident as survival status is plotted at Time 2 and Time 3. First, the probabitity
of instability is highest for groups in the peripheral regions of the field, that is, for groups with
the greatest imbalance between flux and control. Second, including the three stable groups in
the high-flux/high-control region, survivors tend to form a triangular pattern with most groups
clustered together in the mid-region. And third, location in this mid-region at Time | is
strongly related Lo survival at Time 3, twenty-four months into the future, What is most strik-
ing about the resulls for the mid-region is that the patlern for survivors is virtually the con-
verse of that for nonsurvivors: there is a complete absence of nonsurvivors in the mid-region
where the greatest concentration of survivors is observed.

Looking more closely at the pattern for survivors and nonsurvivors at Time 3 in Figure 6,
two bands of stability and two bands of instability, orthogonal to the main axis, are apparent.
Immediately below the cluster ol the three stable communes in the high-flux/high-control
region is an upper-band of instability that separates the former from a set of stable communes
in the mid-region. And benealth this stable region is a lower-band of unstable communes. In
short, these diffcrent bands of communes seem (o distinguish functional from dysfunctional
combinations of flux and control.

To test the veracity of this interpretation, we divided the full sample of COMMuUNES 1mo
stable and unslable sets such that the probability of survival was maximized for the. former
while being minimized for the lalter. Operationally, this entailed establishing partitions that
would mark the upper and lower bounds to the regions where stability would be optimized’

The boundary of 1he lower-bound o the siable mid-region was established by the four
communes (see the scatterplot for nonsurvivors, Time 3, Figure 6) on a line in the lower-band
of instability orthogonal to the low flux-low control/high flux-high control axis. A total of six
communes were observed in this region of which five (83%) had become nonsurvivors by
Time 3, the baseline rale of instability for all communes was 37%, |7 nonsurvivors out of 46
groups.

For a boundary marking the upper bound lo the stable mid-region, there were two possi-
bilities. The first is the line (orthogonal 10 the axis just mentioned) established by the three
communes at the bottom of the upper-band of instability; this is not an optimal partition
because although the probability of survival is maximized (100%; there are no nonsurvivors)
for the fifieen groups in the area defined by this line and the lower bound, the probability of
inslability is not maximized for the twenty-five groups classified by this line as belonging to
an upper-band of instability (nonsurvivors = 12 communes, 48%). The second possibility is
the line (orthogonal 1o the same axis) established by the four nonsurvivors immediately above
the three communes. This second line meets our lwo criteria lor an optimal partition. First,
between the lower bound and this line marking the upper bound, twenty-five communes were
observed, twenty-two (88%) of which survived through Time 3. And second, on'this Imc and
above, fifteen communes were observed, nine (60%) of which had become nonsurvworq by
Time 3.

These fifteen communes can be partitioned into two sets by a line establishing a boundary
for this upper region of instability. This is the line, orthogonal to the main axis, that separates
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~ the five communes in the high-flux/high-control region from the ten communes between this
line and the line marking the upper boundary of the stable mid-region. Above this line, stabil-
ity is maximized-—three (60%) communes survive of the five groups in this region; below this
line, instability is maximized—seven (70%) of the ten communes in this unstable region are
nonsurvivors by Time 3. _

The results of this procedure are shown in the scatterplot for ail communes in Fig-
ure 7. This scatlerplot is identical to the scalterpiot at Time | tn Figure 5 with the fol-
lowing additions: first, the three lines separating the bands of stable and unstable
regions, as just established, are indicaled; and second, the survival status for each com-
mune is shown at Time 3 (nonsurvivors are shown as hollow dots in Figure 7). It is
clearly evident that the three partitions separate two areas of 'slabili't"y {one in the
mid-region and one in the apex of the high-flux/high-control region) from two adjoining
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Table 3
Comparison ol Stability Groupings of Comimunes on
High Intensity Flux: Analysis of Difference in Means

I, Univariate Statistics

High Intensity Flux

Stability Grouping No. Cases Mean SD
Siable-Transformalional 5 754 161
Unstable-Turbulem 10 ' .340 233
Stable-Optimal 25 170 196
Unstable-Insufficient 6 109 094

2. 1-Test Results

Srability Grouping Puair r-Test “DF Pr. - 2 Tailed
Transformational/Turbulent 4.02 11.23 D02+
Transformational/Optimal . 7.H 6.62 .000*
Transformational/Insufficient 7.89 6.20 000*
Optimal/Turbulent -2.04 1443 060
Optimal/InsufTicient .11 16.99 283
Turbulent/Insufficient 2.79 12.87 Dle*

Nore:  *Pr.£ 05,

areas characterized by a high probability of collective instability; the differences in the
rates of instability, by Time 3, among the comununes in the four areas is statistically sig-
nificant (chi-square = 16.928, pr. = .0007). Moreover, in addition to its extraordinarily
high stability over the twenty-four month period from the point of initial measurement,
the mid-region also is distinguished by the lack of dispersion of communes along the
low control-high flux/high controt-low flux axis. Instead, there is a strong lendency for
groups 1o locate between these extremes.

Finally, also shown in Figure 7 are four communes, out of the whole sample, which -
had a charismatic leader living in residence with the group (circled in Figure 7). Of all
communes in the sample, lhese were the collectives most intent on achieving a radical
restructuring of social order (see Bradley, 1987). All four of these transformation-oriented
(charismatic) communes, three of which were still in exislence by Time 3, are concen-
trated exclusively above the partition in the apex of the high flux/high control region; the
fifth group (a nonsurvivor) is a noncharismalic commune whose members expressed a
strong desire for charismaltic leadership as the means to fucilitate their efforts at social
change.

For the purposes of further analysis, the communes were classified into one of the
four categories of siability at Time 3 just established, as shown in Figure 7: namely,
location in the upper band of stability (N = 5; survivors = 3 communes, 60%); location
in the mid-band of instability (¥ = 10; survivors = 3, 30%); location in the mid-band
of stability (N = 25; survivors = 22, B8%); or location in the tower band of inslabiiily
(N = 6; survivors = 1, 17%). Henceforth, we will refer to these four groupings of the
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Table 4a
Optimality Classification of Communes By Selected
Social Characterislics: Analysis of Dilference in Means

Social Characteristics, Oprimaliry Classification, Time 3 r-Yest Statistics .
Time 1 Optinmal Non-Optimal t-Test' DF pr.—2 tailed
(N) (25) (21
Mean (SD} Group Age, 3360190 2.33¢1.21h 2.13 44 L039#*
Years '
Mean (SD) Group Size, 9.20(4.44) B.313(2.22) 0.86°% 37 398
Adults (215 yrs. old)
Mean (SD) Propn. Adult  0.46 (0.29) 0.46 (0.33) ~0.01 44 995
Pop. Members £1973 '
Mean (SD) Propn. 0.58 (0.32)7 0.58 (0.33) 0.02 a3 985
Members Reject $10,000
10 Leave
Mean (SD} Hours in 5160 (10.18)T 48,77 (10.24) 0.90 40 375

L

Group Over Last 3 Days

Netes: 1. Pooled-variance r-Test,
2. Separale-variance - Tesl.
1. Excludes | missing case.
4. Excludes 2 missing cases.
*Significant at <05 level,

comimunes as stable-transformational, unstable-turbulent, stable-optimal, and unsta-
ble-insufficient, respectively.

44, Relationship of High Intensity Flux and Control to Stability

QOur second measure of flux, high intensity flux (composed of mutual loving AND -
mutual improving AND mutual exciting relations), reveals big differences in the amount
of potential energy activated (see Table 3). Of particular interest is the enormous differ-
ence observed between the slable-transformational category and the other groupings of
comimunes, When compared to the other groupings, the communes in the stable-transfor-
mational category generate, on average, more than two times, four times, and almost
seven times the amount of high intensity flux, as the groups in the unstable-turbulent, sta-
ble-optimal, and unstable-insufficient categories, respectively (medn proportion of high
intensity flux = .754 versus 340, .170, and .109, respectively). The results of a r-test of
the difference in means (Table 3) show that the differences between the stable-transforma-
tional grouping and each of the other categories are statistically significant. However, with
the exception of the difference between the unstable-turbulent and unstable-insufficient cat-
egories, the differences between the other pairs of categories shown in the table are not
statistically significant. The results suggest, therefore, that the activation of such enormous
amounts of potential energy is associated with radical structural change which, in the case
of these communes, is inspired by the presence of a charismatic leader (sec Bradley, 1987,
pp. 167-193, 264-268). We will rcturn to this relationship between radical change and the
activation of high levels of potential energy in a later section.
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Optimality Classification of Communes By Selecled Social Characteristics:-Cross-Tabulation Analysis

Social Characteristics,

Opiimality Classification, Time 3

Time } Non-Optimal Optimal Total

(N, %) (21, 46%) (25, 54%) (46, 100%)

Survival Status, Time 3 % %

Dissolved 12 37 (1N

Survived 88 63 29
100% 100%

Chi-Square = 14.639, DF = |, pr. = 0001 *

Affiliated to Larger Organization

% Not Afliliated 52 48 t00% (27)

% Alflfiliated 37 63 100% (19)

Chi-Square = 1.013, DF = |, pr. = 314

Admission Requirements

% If Room/See Individual 48 52 100% (21)

% Trait Reguired/Group Ready 43 57 100% (1)

% Trial Membership/ 44 56 ., 100% (18)

Novitiate/Group Closed o

Chi-Square = 0.065, DF = 2, pr. = 968

Formal Rules

% None/Few 44 56 100% (27)

% Some/Many 47 53 100% (19)

Chi-Square = 0.038, DF = 1, pr. = .B45

Extent of Authority

% None/A litile 50 50 100% (24)

% Some/A lot 41 59 100% (22)

Chi-Square = 0.382, DF = 1, pr. = .536

Organization of Chores -

% Totally Voluntary/Voluntary 57 43 100% (21)

Choice

% Rolated/Assigned 38 63 101% 24)!

Chi-Square = 1.736, DIF = 1, pr. = .188

(continued)
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Talile 4b
{Continued)

Ideological Type

% Religious 50 50 FOO% (18)
% Political/Counter Cullural 50 50 ‘ FO0% (12)
% Family/Household 36 64 - 100% (1)
% Personal Growth : 40 60 1H00%  (5)

Chi-Square = 0.675, DF = 3, pr. = .879

Degree of ldeological Consensus

% A Litlle/Some 48 52 1060% (29)
% A Lot/Unity 41 59 100% {17)

Chi-Square = 0.218, DF = |, pr. = .64}

Notes: |, Excludes | missing case.
*Significanl at £.05 level.

4.5.  The Question of Social Correlates

A matter of considerable sociological imporlance is Lhe question of social correfates:
the degree to which there are distinguishing social conditions associated with focation in
the region of maximal stability. Data bearing on this question are presented in Tables 4a
and 4b. _

For this analysis, the twenty-five communes positioned in this mid-region (the groups in
the stable-optimal category) at Time 3 were compared on a mimber of basic social character-
istics at Tite | to the twenty-one groups located outside this region; the two categories are
labeled in Tables 4a and 4b as “optimal” and “non-optimal,” respectively. As shown in Table
4b, there is a large, statistically significant difference in the rate of survival between these two
categories of communes (88% versus 33%, respectively; chi-square = 14.639, pr. = .0001).

Starting with the analysis of the relationship between the interval-level (of measurement)
independent variables and our optimality classification (see Table 4a), the results show that
the groups in the optimal category had been in existence 1.03 years longer, on average, than
the groups in the non-optimal category (3.36 versus 2.33 years, respectively; t-test of the dif-
ference in means = 2.13, pr. = .039). However, most of this difference is due to three groups
in the optimal category which were six or more years old at Time 1. When the three are held
aside, the mean group age [or the twenty-two groups remaining drops to 2.86 years, leaving a
non-statistically significant difference of (.53 years (t-test = —1.38, pr. = . 176).

On group size, the slight difference of almost one adult member (0.87), on average,
between the optimal and non-optimal categories (mean size = 9.20 and 8.33, respectively) was
also not-statistically significant (t-test = 0.86, pr. = .398). '

With respect to member behavior, it is clear that on the measures of length of residence,
member commitment, and member participation, the two categories of groups are virtually
indistinguishable. The two calegories have the same mean proportion of members resident in
the group. for a year or more (0.46; (-test = —0.01, pr. = .995), and the same: mean-proportion
of members who say they would not accept an “offer of $10,000 to leave” the commune (0.58



Table 5a
Discriminant Function Analysis of Stability Classification of Communes By Selected Characteristics: Univariate Statistics
Stability
Groupings
Unstable- Stable- Unstable- Stable-
Insufficient Optimal Turbulent Transformational Total Wilks' Univariate

Variabie Mean s’ Mean §D Mean §D Mean SD Mean SD  Lambda® F-ratio pr’
{(N) (6) 24y (10) (5) (45)

Admission Requirements 2.00 .89 192 93 1.80 1.03 2.00 1.00 191 - 92 994 077 972
Affiliated to Larger Organization .33 52 46 S 30 438 40 35 40 S0 981 269 848
Authornty 1.33 52 1.50 Sl 1.30 48 .80 45 1.47 S0 914 1,291 280
Contro} 286 231 462 180 654 143 755 A01 514 218 589 9.552 .000
Low Intensity Flux 396 174 578 152 739 089 928 064 628 198 445 17.066 000
High Intensity Flux 109 094 165 .199 340 233 754 161 262 269 486 14.454 000
Formal Rules 1.50 55 1.42 S0 1.30 48 1.60 35 1.42 50 969 443 724
Group Age 2.67 1.51 3.38 1.95 2.20 1.14 2.20 1.10 2.89 1.71 898 1.550 216
Group Size 8.67 2.73 9.08 4.50 8.20 2.30 8.20 1.79 8.73 3.60 987 175 G112
Ideological Consensus 1.00 0 1.42 50 1.30 48 1.80 45 1.38 49 826 2886 .047
Prpn. Old Mmbrs. 41 35 47 30 37 24 .70 22 47 31 912 1324 280
Prpn. Reject $10K 29 19 38 32 S5 24 .98 05 S8 32 Jo4 5757 002

Notes: 1. Standard Deviation.
2. U-staustic.

3. Suatistical significance, with 2 2nd 43 degrees of freedom.
4. Exciudes 1 case with a “missing value:™ the mean value was assigned to this case for the classification analysis.
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Talle 5h
Discriminant Function Analysis of Stability Classification of Communes
By Selected Characleristics: Stepwise Resulis and Canonical Analyses

Summary af Stepwise Analysis*

Witks’ Minimum Equivalent
Variable Step Lambda Pr. D-squared Pr.. F Pr.
LoFlux" | 445 000 1.378 0033 9.726 0033
Control 2 142 L1000 6.281 Q003 10.213 0003
Test of Differences Between Pairs of Groupings Afier Step 2
Stability Grouping Pairs F-statistic Significance**
Optimal/Insufficient 20.331 D000
Optimal/Turbulemnt 28.245 0000
Optimal/Transformational 57.818 0000
Transformaltional/Turbulent H).213 0003
Transformational/Insufficient 91.603 0000
Insufficient/Turbulent 01.731 0000

Canonical Discriminant Frunctions

Function I Function 2

Canonical Correlation 926 085
Squared Canonical Correlation 857 007
Percent of Variance 99.88% 2%
Eigenvalue 5.988 007

Unstandardized Canonical Discriminant Function Coefficients

Function ! Function 2

Contro! ' 7.014 3.590
Low Intensity Flux 9.406 -3.40)2
(Constant) ‘ -9.513 293

Notes:  *Maximum significance of F-statistic to emler = 0530 minimum significance of F-statistic lo remove = .100,
**With 2 and 40 degrees of freedom.
1Low Intensity Flux

and (.58, respectively; t-test = 0.02, pr. = .985). In addition, the small difference in the mean
amounts of time (2.83 hours) spent by their members in the commune over the “last three
days” is not statisticaily significant (51.62 hours and 48.77 for the optimal and non-optimal
categories, respectively; r-test = 0.90, pr. = .375).

Turning to the ordinal and nominal independent variables (see Table 4b), there is some
evidence of differences between the two groupings of communes for the measures of formal
organization. Thus there is a moderate (26%) difference on whether a commune is part of a
larger (usually nation-wide) federation of communes (chi-square = 1.013, pr. = .314); small
(3%) to modest (14%) differences in terms of the stringency of different procedures for
selecting prospective members {chi-square = 0.065, pr. = .968); a small (6%} difference on
the presence of “some or many” group-sanctioned rules in the commune (chi-square = 0.038,
pr. = .845), a modest (9%) difference on the degree of authority vested in the group
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Tuble St
Discriminant Function Analysis of Stability Classification of
Communes By Selecled Characteristics: Classification Results
Predicied Group
Stable-
Unstable- Stable- Unstable- Transfor-
Insufficient Optimal . Turbulent mational  Total
Prior
Actual Group N % N % N % N % N Probability
Unslable-Insufficient 5 83.3 1 16.7 0 0 0 0 6 100.0% .13
Stable-Optimal | 0 25 1600 0 0 0 {} 25 0% .54
Unstable-Turbulent 0 0 0 0 1000 0 0 10 10.0% .22
Stable-Transfprmational 0 0 0 §] 0 0 5 100.0 5 100.0% .1
TOTAL 5 na! 26 n.a. 0 na 5 na. 46 100.0% 1.00

Notes: 1. Not applicable

(chi-square = 0,382, pr. = .530), and modest (14%) to moderate (25%) differences in the
degree to which chores are formally organized (chi-square = 1.736, pr. = .188). However, as
is evident from the chi-square coeflficients, these differences can be accounted for by chance
alone.

This pattern of the lack of statistically significant differentiation between the optimal and
non-optimal calegories continues on the two measures of ideological content. So that although
the variation between the optimal and non-optimal groups on “ideological type” ranges from
no difference to a moderate (28%) difference (chi-square = (.675, pr. = .879), and from a
small (4%) to modest (18%) difference on the degree of ideological consensus present among
a commune’s members (chi-square = (0.218, pr. = .641), the differences are due te chance.

In short, what is particularly striking about the overall pattern of these results is that there
is no evidence of any statistically significant relationship either between measures of member
behavior and location in the optimally stable region, or between measures of the collective’s
normative and formal organization and location in this region, ' -

4.6. A Multivariate Model of Stability

To this point, our analysis has employed largely simple bi-variate statistical tech-
niques which, given the small number of cases available, has been both necessary and
appropriate. But because it was possible that deeper more complex multivariate rela-
tionships among our variables could have gone undetected (masked or hidden as a
latent order) discriminant function analysis was conducted 1o ensure that this was not
the case,

Two features of discriminant analysis inade it especially appropriate: first, the procedure
aims to construct a multivariate linear (discriminant) function that maximizes the separation
between two or more mutually exclusive groupings of data; second, it offers a test of predic-
tive power by comparing-the a priori group classifications against those made by the discrim=
inant function/s. As a measure, thus, of statistical optimality, discriminant analysis provides a
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rigorous means of testing the finding that, in relation to the other sociological faclors exam-
ined here, our measures of flux and control provide the best means of predicling optimal col-
lective stability.

To perform the discriminant analysis, we used the four-way stability classification
of the communes at Time 3, as established above (see pages 47 - 49, and also Figure 7)
as the dependent variable: namely, stable-transformational (N = 5), unstable-turbulent
(N = 10), stable-optimal (N = 25), and unstable-insufficient (N = 6), respectively. Three
discriminant analyses were conducted: one on the variables examined in the previous
section (“The Question of Social Correlates™); the second was conducted with the addi-
tion of low intensity flux and control; the third was identical to the second with the
exceplion that the measure ol high intensity flux was substituted for low intensity flux.
Along with our two measures of flux and our measure of control, nine of the twelve
(sociclogical) variables listed in Tables 4a and 4b were used as independent variables
for the two stepwise multivariate analyses.13 The univariate statistics (nieans, SDs,
Wilks’ Lambda, and univariate F-ratio) are given in Table Sa.

Maximizing the minimum Mahalanobis distance (min. D-squared, a measure of separa-
tion) between the four groupings ol conununes, was the selection rule used for the stepwise
multivariate analysis; the statistical significance of the F-statislic was used as the crilerion to
enter (pr. £.050) and remove (pr. 2.100) the independent variables.

The first analysis,'* conducted on the nine sociological variables alone, was not success-
ful. Only one variable, the mean proportion of members “who would reject an offer of
$10,000 to leave the commune™ (Prpn. Reject $310K), met the selection criteria for the
step-wise analysis, and the single, weak canonical discriminant function constructed not only
. possessed tittie statistical power,'> but also was insufficient for the analytic task at hand; 2
minimum of two discriminant functions are required to discriminate among more than two
groupings of data.

Adding low intensity flux and control to the nine variables examined in the first analySIs
a second discriminant analysis was conducted. The summary of results from the multivariate
stepwise analysis of this procedure is presented in the first section of Table 5b.

Asis clearly evident from the results, the only two variables selected in the stepwise pro-
cedure were low intensity flux and control; all of the other variables, mcludmg the variable.
selected in the first discriminant analysis (Prpn. Reject $10K), failed the selection criteria.
Low intensity flux, the variable with the strongest discriminating powet, was entered inta the
stepwise analysis at the first step (min. D-squared = 1.378, pr. =.0033; Wilks’ Lambda = 445,
pr. = .0000). At step two, conirol was entered as the next most powerful discriminating vari-
able (min. D-squared = 6.281, pr. = .0003). Wilks' Lambda has decreased substantially (to

.142; pr. =.0000), indicating that only a low dssocmlton among the four groupmgs of com-
munes remains. The F-test of the differences between each pair of groupings after Step 2
(which range from F = 10.213, pr. = .0003, 10 F = 91.603, pr. = .0000) shows that there are
differences between each pair which cannot be explained by chance.

The rest of Table 5b provides information on the nature and stansllcai power of the two
canonical discriminant functions formed by low intensity flux and control, [The canonical dis-
criminant functions are statistically independent of each other; each is a linear combination of
the variables entered in the stepwise analysis—similar to a multiple regression equation—and
should be thought of as a latent variable (not sneasured directly), a statistical artifact compa-
rable to a factor consirucled by factor analysis.] Comparing the statistical information on the

e
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Figure 8 Plot of Stability Groupings ol Communes by Canonical Discriminant Functions.

two discriminant functions shows that the first function possesses much greater discriminating
power than the second funciion. The canonical correlations are 926 and .085, respectively,
and indicate that the first function possesses most of the discriminating power, approximatcly
86% compared to 0.70% (squared canonical correlation = 857 and 007, respectively). This is
confirmed by the huge difference in the eigenvalues for the two functions, 5.988 versus 0.007.

Table 5b also presents the unslandardized canonical discriminant function coefficients
which were used to compute discriminant scores (one for each discriminant function) for each
case. The two discriminant scores were then used to classify individual cases into one of the
four stability groupings of communes eslablished prior to the discriminant analysis. Compar-
ing the a priori grouping 1o the posterior classification provides a means of determining the
predictive power of the two discriminant functions in correctly assigning cases.

The results in Table Sc show that the two discriminant functions were able to correctly
predict 1he stability grouping for each commune in 45 of 46 cases, an overall success rate of
98%. Thus, five (83%) of the six communes belonging 1o the unstable-insufficient category
~were correctly classified, all 25 (100%) of the communes belonging 10 the stable-optimal cat-
egory were correctly classified, all 1) (100%) of the communes belonging to the unstable-tur-
bulent category were correctly classified, and all 5 (100%) of the communes in the
stable-transformational calegory were correctly classified. Moreover, these prediction rates
are substantially higher than the prior probabilities of commune membership in these group-
ings (0.13, 0.54, 0.22, and 0.1, respectively, see Table 5¢). A plot of the communes on the
" two discriminant functions (see Figure 8) shows that the two discriminant functions reproduce
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virtually the same patlern and clusterings of the lour groupings of communes, as was observed
in the scatterplot of their (raw) values on low intensity flux and control (see Figure 7, above).

Thie third discriminani function analysis entailed a replication of the second analysis, but
using Lhe measure of high intensity flux in the place of tow intensity flux; space constraints
permit only a narrative presentation of the results. Repeating the stepwise multivariate dis-
criminant analysis (conducted as just described above) on the nine sociclogical variables plus
high intensity flux and control, produced almost the same results but with one difference: this
was the selection of the variable Prpn. Reject $10K (the mean proportion of members who
say they would not accept an “offer of $10,000 to leave” the commune) along with high
intensity flux and control in the stepwise procedure; all of the other variables failed the selec-
tion criteria. Control had the strongest discriminating power and was entered first (min.
D-squared = 0.334, pr. = .2976; Wilks’ Lambda = .589, pr. = .0001}; high intensity flux
entered second (min. D-squared = 2.125, pr. = .01 18; Wilks’ Lambda = .196; pr. =.0000); and
Prpn. Reject $10K entered at the third step (min. D-squared = 3.734, pr. = .0025; Wilks’
Lambda = .160; pr. =.0000). The reduction in Wilks’ Lambda suggests that a good portion of
the association observed among the four groupings of communes had been removed, and the
F-test of the differences between each pair of groupings after Step 3 (which ranged from F =
5.682, pr. = .0025, to F = 43.844, pr. = .0000) indicales that differences between each of the
pairs of groupings were statistically significant. Finally, three canonicat discriminant func-
tions were constructed (canonical correlations = .900, .317, and .257, eigenvalues = 4237,
0.112, and 0.071, respectively) which correctly classified 41 (89%) of the 46 communes into
their four a priori groupings. However, only for the stable-transformational grouping (N = 35)
were all communes correctly classified.'® The selection of Prpn. Reject $ 10K (a measure of
commitment) in the presence of high intensity flux is notable, for it suggests that regulatmn"‘
of the enormous polential energy activated during radical change requires strong individual
commitment butiressed by a system of hierarchical controls.

4.7. Validation Studies

" To check the pritnary results, two validation studies were 'qondh‘éle;{i_‘: one to verify that
the resuits were not an artifact of the operational procedures used to measure control, the sec-
ond to check the reliability of the results from the discriminant analysis. Again, space con-
straints permit only a narrative presentation of the resuits.

For the first study, we conducted a further discriminant analysis in which we substituted
the values for the seven individual asymmetric triads types of power relations in each com-
mune for our measure of control. Adding these variables to low intensity flux and the other
nine variables used above meant that a total of 17 variables were submitted to the stepwise
analysis. Four variables were selected for inclusion: one was low intensity flux and two were
triad types from our measure of control (the 021D and the 030T); the fourth variable was the
003 (vacuous) triad type. While all of the other variables failed the selection criteria, the 021C
triad type (the third triad in our measure of control) only just missed the significance level of
the F-test to enter with a pr. of .067; the criterion for entry was pr. £.050.

The four variables selected achieved a reduction in Wilks' Lambda from 445
(pr. = .0000) at Step 1 to .130 {pr. = .0063) at Step 4, indicating that most of the associa-
tion observed among the four groupings of communes had been removed. Also, the F-test
of the differences between each pair of groupings after Step 4 (which ranged from
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F=4.225, pr. = 0063, 10 F = 37.3879, pr. = .0000) suggests that the differences between
each pair were statistically signilicunt. Finully, the three canonical discriminant functions
constructed'’ were able 10 correctly classify 44 (96%) of the 46 communes into their four
a priori groupings. Based on (he individual asymmetric triad types, these results are
broadly comparable to those we obtained above, and suggest that our findings do not
appear (o be an artifact of the construction of our measure of control,

For the second validation study, a split-sample analysis was performed. This was done by
randomly dividing the 46 communes into two sumples of 23 cases each, replicating the step-
wise multivariate discriminant analysis (conducied as described above) on the nine sociolog-
ical variables plus low intensity flux and control, and using the discriminant functions
constructed on the first-half sample o predict the classilication of cases in the second half-
sample into the four a priori stability groupings of communes.

As before, the only variables selected in the stepwise analysis of the first-half sam-
pte were fow intensity flux and control; all of the other variables failed the selection cri-
teria. Also, Jow intensity flux had the strongest discriminating power and was entered at
the first step (min. D-squared = 0.882, pr. = .1242;, Wilks' Lambda = 4085, pr. = .0005),;
control entered at the second step (min. D-squared = 6.012, pr. = .0303; Wilks’
Lambda = .097; pr. = .0000). The reduction in Wilks' Lambda suggesis that most of the
association observed among the four groupings of communes had been removed, and
the F-test of the differences between each pair of groupings after Step 2 (which ranged
from F = 4.271, pr. = .0303, to F = 48.0633, pr. = .0000) indicates (hat the differences
between each pair were statistically significant. Finally, the two canonical discriminant
functions constructed (canonical correlations = .940 and .419; eigenvalues = 7.522 and
0.212, respectively) were able to correclly classify 19 (83%) of the 23 cases in the sec-
ond-half sample into their four a priori groupings.l8 In short, as a statistical means for
testing the veracity of our findings on an independent sample of collectives, these
results offer strong corroboration.

Overall then, the results of the discriminant, function anatysis confirms, our conclusion
based on more stmple slatistical procedures: namcly, that flux and controf are predictive of
coliective stability.

4.8 Summary of Findings

There are a number of fndings established by the resu_l!_s,_-ﬁ_f these analyses. The first
is our fih_d.'i_ng of a strong, direct relationship between the -méasures of flux and control, at;
a given point in time, and group survival twenty-four months in the future. There are three.
aspects of this first finding that are of significance. First, when plotted as a field with low
intensity flux on the horizontul ordinate and control on the vertical ordinate, the distribu-
tion of communes forms a triangular pattern with a wide base involving many combina-
tions of low values of flux and control, and narrowing progressively to an apex of high
values involving virtually a.one-to-one correspondence between flux and control. Second,
the distribution of communes in this field Torm aliernating bands of unstable and stable
groups (that we have labeled as insufficient-unstable, optimal-stable, turbulent-unstable,
and transformation-stable, respectively), suggesting that there are dysfunctional and func-
tional combinations of flux and control. These two aspects of the evidence suggest that
the relationship between flux and control is nonlinear. The third matter of significance is
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that the results of the multivariate discriminant function analysis show that flux and con-
trol are strongly predictive of stability; this was true for both measures of flux (namely,
low intensity flux and also high intensity flux).

The second finding is that Ihere are big differences between the four stability group-
ings of communes on the measure of high intensity flux: the stable-transformational cate-
gory ranged from two-limes the mecan value of the unstable-turbulent category to
seven-times the mean value for the unstable-insufficient category. The presence of the
extraordinary amount of high intensity flux was associated with a resident charismatic
leader in these groups. This suggests that enormous levels of potential energy are acti-
vated in collectives undergoing radical structural change.

A third finding is that there appear to be limits (a lower amount and an upper
amount) on the total amount of information generated by flux and control that can be pro-
cessed by a stable collective. Groups observed outside the limits experienced much higher
rates of instability than those that operated within the limits. ‘

The fourth finding is that, with the exception noted below, there is little evidence that
the other measures of socio-cultural organization (including ideological orientation, norma-
tive regulation, formal organization, structural characteristics, and member characteristics)
are associated with stability. This was clear from the results of the bi-variate analysis
which found no (statistically significant) relationship between the nine sociological vari-
ables investigated and commune location in the region of optimal stability. Moreover, the
discriminant function analysis with low intensity flux showed that none of these variables
played even an indirect role in predicting a commune’s stability grouping. However, the
inclusion of both “Prpn. Reject $10K” and control in the discriminant function with- high
intensity flux suggests that stability requires strong member commitment and a system of
hierarchical controls when enormous levels of potential energy are activated, as occurs
under the condition of chansmatically-inspired radical change.

Although it is possible that some of our measures of socio-cultural organization may not
have captured the salient or causally active aspects of such factors, it is. most untikely that all
of the measures missed the mark. Either way, this is a question that is best settled by further
research.

Finally, the results from the two cross-validation studies provide corroborating evidence
for the veracity of these findings. The first study, in chcckmg the validity of our use of three
(of seven) asymmetric triad types as a measure of control, found little evidence of a measure-
ment artifact contaminating our results with this operational proccdurc it should also be noted
that the selection of the three triad types was not arbitrary, but gmdcd by theoretical conmder—
ations. The second study, a split-sample reliability study checking the prcdlctwe power of ﬂux
and control on a random sample of communes, corroborated our original results and con-
firmed their generalizability.

Overall then, it is reasonable to accept the evidence and C(m(.lude lh.il the interaction
between the two refational orders of flux and control has direct consequences for the coliec-
tive’s stability. This 1s consistent with the theoretical expectation based on carlier work that
we articulated at the outset: namnely, that the inleraction between a distributled order of energy
activation ({lux) and a hierarchical system of social constraints (control) operales to in-form
coltective function.
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5. Part 2: Theory of Communication

In the sec’ongl part of this work, we aim to show how the interpenetration between flux and
control operales as an information processing system Lo inform the collaboration among mem-
bers and produce stable, effective collective action. Thus, it is toward an understanding of
these dynamics and their implications for collective organization that the following discussion
is directed. To this end, we build on the empirical results presented above and draw on the
concepts of energy and information from the natural sciences.

5.1, Assumptions

We begin by limniting our task in four ways. First, our interest is restricted to collectives
that have an explicit boundary distinguishing members from non-members; our account does
not include partially bounded structures such as cliques or open-ended entities such as social
networks.1? Second, we give little direct consideration to the influence that normative ele-
ments, such as cultural values, norms, and roles, may have on the organization and behavior
of social collectives, and on the conduct of their members. Third, that apart from their poten-
tial energy, their biological capacity for physical behavior and social activily, we ignore
effects the characteristics (e.g., gender, age, personality etc.) of the colleclive's members, as
individuals, may have on system behavior. The fourth restriction is to limit our focus to the
collective’s endogenous operations. Here we make the simplifying assumption that, to be
exogenously effective, the collective must be stable. Our interest lies in exploring the effi-
ciency of the endogenous processes by which stability is generaled of. devclopmg an under-
standing of ‘which patterns of endogenous organization are opnmal for thc collective’s
stability (Coleman, 1990, p.42). We will leave for a later discussion the quesllon of the collec-
tive's effectiveness in its environment.

We also have an ontological imperative: namely, that rather than appealing 1o metaphys-
ical mechanisms of communication (e.g., Bohm, 1980; Durkheim, 1965, fung, 1969; Laszlo,
1995, Sheldrake, 1981), we aim to develop an account which has its basis in the pmccsses of

interaction empirically documented. 20
5.2, Energy and Least Action

In virtually all social science, energy as the means for action, and the element that makes
social organization possible, is not explicitly identified. inslead, it remains as an ontological
given, apparently thought to be of little direct unportance for understanding social organiza-
tion (see Turner 5, 1986 review of the' major sociological lheoncs) In lhose rare instances
when the term “energy” is used by social scientists, it is used as a metaphor (e.g., Collins’,
1990, notion of “'emotionat energy”) instead of as a scientific com:epl.zl

Ontotogically, a rigorous concept of energy, or ils equivalent (e.g., Rosenstein, 1997),
is fundamental to an understanding of collective organization. Energy is the means—the
fuel—for maintaining order in the face of chalienge (novelty) or changing an order in the
face of inertia, As individual biological organisms, a collective's. mcmbers possess the
polcnnal for work measured as energy. To exisl as an entity, ai socnal collectlvc must mobi-
lize and appropriate the members’ potential energy for work—their blologxca! capacity for
physical behavior and activity—and direci it ioward collective ends. As noted above,
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cnergy is also the medium for information processing, the medium for encoding and relay-
ing ‘communications as signals back and forth among the clements of a system.

In the physical and biological sciences, energy is a measure of an amount of (physical)
work that can be accomplished (McFarland, 1971). Two types of energy can be distinguished:
kinetic and potenttal. When work is actually being done in maintaining order or in producing
change, it is defined as kinetic energy; the measure is dirf_:cliy proportional to the amount of
kinesis, that is, to the amount of physical activity required to maintain order or to produce
change. Potential encrgy is inferred from an estimate of lh:f:."aﬁiou:_ll of possible work that a sit-
uation provides. It is an inference based on similarity to conditions which have previously
been observed to transform potential energy into actual work. |

In most physical and biological systems, there is a lcndencgl to minimize work in order to
conserve energy. This is known as the least action principle,®* or the system’s Hamiltonian
unction. In its general formulation, the principle holds that a system is at equilibrium under
conditions which maintain potential energy at a minimum (Considine, 1976, p. 1,454). This
means that any departure from equilibrinm—any disequiliberating change in the system’s
structure—creates potential energy. In order to return to equilibrium, the system must expend
the potential energy by performing work to use it up. A least action path (one that is optimal
for the system) is determined by piece-wise subtraction of potential by kinetic energy. Thus,
potential energy is reduced through a series uf successive fluctuations between potential and
kinesis until its minimum level is reached.

Such changes in levels of potential encrgy have been studied in the natural sciences
and have resulted in dynamic systems models—so-cailed ‘chaos - theory” (Morrison, 1991;
Nicolis & Prigogine, 1977, Strogatz, 1994). These models have enjoyed wide success in
accounting for the behavior of far-from-thermodynamic-equilibrium systems in the natural
sciences (e.g., Kauffinan, 1993; Prigogine & Stengers, 1984) and have sparked a growing
interest in psychology (Abraham & Gilgen, 1995, Barton 1994; Pribram, 1991;
Robertson & Combs, 1995), economics (Brock, 1986; Arthur 1989), and sociology (Brad-
ley, 1987; Dendrinos & Sonts, 1990; Morgan, 1986).

In applying these concepts, we assume that the members of (he social collective are bioclog-
ically capable of work, and that this capabilily is measurable as polentlal energy. When activated
by the collective, the members’ potential energy becomes engaged in social interaction, Torealize
collective action entails work; work is measured as kinetic energy. The tendency to energy con-
servation leads the collective to strive lowards an efficient use of energy. This requires effort to
explore altemative paths towards order, patterns of actualization that allow collective work to pro-
ceed efficiently, that is, with the least amount of dissipation (Pribram & McGuinness, 1975). For
instance, Henry Ford experimenied with different ways of joining together the energy of his fac-
tory workers to find the maximally efficient structure of co-laboration for manufacturing cars
(Lacey, 1986). To do this, he implemented a set of social constraints, based on his invention of
the production line and its associated technigues of mass production, that directed and thus opti-
mized the action paths among the collective of workers. Thus, he produced automobiles at min-
imum cost which, tn tum, proved elfective in the market place.

5.3, Flux and Comtrol

Within this framework, two processes can be identified which act to generate
descriptions of the collective’s internal organization and thus inform collaborative inter-
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actions among members. The [irst is [lux, the constant transformation of energy
throughout 1he collective. The second is control, the construction of a system of social
constraints which efficiently directs the transformation of potential energy into collec-
tive action. As described below, lhe system of controls determines a communication
processing network that in-forms the patierns by which the potential energy is actual-
ized as collective work.

The transformation of potential energy to kinetic energy, flux, occurs in the field
which, as already noted, is establishied by membership in the collective and forms a distrib-
uted, massively parallel social web of equi-valent relations connecting alt individuals to
everyone else. The field operaies to unify and aclivate affective attachients among indi-
viduals, arousing each member’s emotions and thus their polemlal energy, their propensity
for action. As an undifferentiated network of connections exlendmg lhroughoul the collec-
tive, the field is the order through which all transformation - of ‘the colléctive’s energy is
processed. The energy transforms continuously throughout ihe field as the collective
adjusts and readjusts continuously to internal and external changes.

In the absence of other factors, initial conditions such as negative feelings like fear,
hatred, or jealousy, will block the efficient conversion of potential to kinetic energy; in
non-linear dynamics such systems are characierized by negative Liapunov exponents lead-
ing to stasis, ossification {complete thermodynamic equilibrium) or to regular fluctuations
described by relaxation oscillators (Abruham, 1991). On the other hand, as elaborated
below, inilial conditions such as mutual admiration, awe, or love create a kind of har-
monic resonance (due to a positive Liapunov exponent) in the relalions among membets
which will enhance the conversion of potential to kinetic energy, a phenomenon Zablocki
(1971, 1980) observed in his studies of communes and called the “cathexis effect.” The
danger here, if this enhanced kinetic energy is unconslrdmed is that undue dissipation of
energy will ensue: in the language of non-linear dynamics, chaos will result (for exam-
ples, see Zablocki, 1980, Figure 4-5, pp. 165).

The second process is control, a system of social constraints that operates on the trans-
formation of potential energy to prevent undue dissipation of kinetic energy. The system
of controls influences the conversion of potential to kinetic cnergy by conslrammg the spa-
llal and temporal direction of the paths of flux thereby in- formmg, Illerally, giving shape

lhe collaboration among mdlvnduals This opcmllon is .u.hleved by the hierarchical
ordcr whu.h as described above, dcnsely mlcrlockmg slm%lﬁ.ed syslem of asymmetri-
cal relations connecting all mdwuluuls. By differentially conslraihing the paths in space
and in time by which individuals expend their energy, the controls render an informed pat-
tern of collective organization. For example, o maintain social and, hence, physical stabil-
ity while running while waler rapids, the crew of a river raft must know, at each moment,
the pattern of their inleractions and how these are coordinated as co-laborations with
respect to the raft’s location in the river. In addition, the crew must also determine which
of several alternative paths of action affords them the greatest likelihood of a safe trajec-
tory down the river. As described below, the coupling of the moveinent of energy mediat-
ing the endogenous interactions (Mux) with a system of hicrarchical constraints (control)
creates a communicalive struclure that informs collaboration and resulis in a stable, effec-
tive collective. '
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Figure 9. Limis of Concurrent Measurement of Time and Frequency of a Signal (Adapled from
Gabor, 1946, Fig. 1.3).

3.4, Information and Communication

Surprisingly, given the rich, dense flow of verbal and nonverbal signals that comprise
human interaction, information is rarely used as a rigorous concept in social research; in three
recent influential works (Burt, 1992; Coleman, 1990; White, 1992) it is employed as an unde-"
fined term. Irrespectively of whether the term is explicitly defined (e.g., Rogers & Kincaid,
1981, pp. 48-51) or not, its use in social science corresponds to Claude Shannon’s (1949) con-
cept of information, that is as a reduction of uncertainty through choice among alternatives. In
this conception the smallest unit of information is the BIT, the Blnary digiT, nowadays corre-
sponding to the smallest standard unit of information in computational informatton systems.
Shannon’s concept applies to computation-based communication systems. In these systems,
each unit of information in a sequence contributes (o resolution of the signal’s message by
reducing the probability of alternative meanings. For instance, in computer hardware, each
pulse represents the “on” state of a binary code (no pulse = “off”) so that the pulse, as the
smallest unit of information, is a BIT.

However, it is clearly apparent that our primary empirical finding, that information in
social collectives appears to be produced by the interaction between a distributed order of
energy activation and expenditure (flux) and a system of hicrarchical constraints (control), is
neither describable nor explicable within the terms of Shannon’s concept of a reduction in
uncertainty. Accordingly, to show how the interaction between flux and control acts as a com-
munication system, we draw on Nobel Laureate Decnis Gabor’s concept of information
(Gabor, 1946). Although virtually unknown in the social and psychological sciences, Gabor’s
concept is radically different than, though related to, the more commonly used measure of
information developed by Claude Shannon (1949).%* While Shannon dealt with a reduction in
uncertainty, Gabor designates the minimum uncertainty beyond which a message cannot be
compressed. In what follows, we bricfly describe the conceptual and mathematical basis of
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Gabor’s concept and then go on (o shuw its application to information processing in social col-
lectives. o

In his classic article, "“Theory of Communicaton,” Gabor (1946) defines a unit of infor-
mation as the minimum uncertainty with which a signal can be encoded as a pattein of energy
oscillations across a waveband of frequencies, as in the encoding and transmission of vocal
utterances for telephonic communication. Gabor determined that there exists a restriction to
the efficient processing and communication of a set of telephone signals. The restriction is due
to the limit of precision that can be achicved in concurrent measurements of the signal’s spec-
tral components (frequency, amplitude, and phase) and its (space) time epoch. This restriction
is iltustrated in Figure 9 in which time and frequency are treated as orthogonal coordinates.
Although the energy frequency of a signal, represented by a dashed vertical line, is exactly
defined, its duration in lime is (otally undefined. Conversely, a sudden surge or change in the
signal (a unit impulse function) shown as the solid horizontal line, is sharply defined in time,
but its energy is distributed evenly throughout the whole frequency spectrum: Since, at the
limit, accurate measurement of the signal can be made only in time or in frequency, it cannot
be simultaneously made in both beyond this point (Gabor, 1946, pp. 431-432).

Gabor was able to show, mathematically, that this limit could be gi\)cn formal expres-
sion by Heisenberg’s uncertainty prillciple.25 In its rigorous forin the uncertainty relation
is given as Dt Df 2 Y2 (where D = delta), which states that timé' (f) and frequency (f) can--
not be simullancously defined in exact terms, but onty with a latitude of greater than or
equal to one-half in the product of the uncertainties. Since certainty can be obtained only
by minimizing uncertainly on both ordinates, the minimum measurement of the signal in
time and frequency is Dt Df = V4, which defines an elementary unit of information (Gabor,
1946, pp. 431-437). : _

Gabor called his unit a logon, or a quantum of information, and showed that the signal
that occupies this minimum area “is the modulation product of a harmonic oscillation (of
energy) of any frequency with a pulse in the form of a probability function” (Gabor, 1946,
p. 435; our addition). Mathematically, this wnit is a sinusoid variably constrained by
space-time coordinates, essentially a space-time constrained hotogram (see Bradley, 1998a
‘or 1998b).%% This elementary unit of information both minimizes uncertainty and provides
the maxtmally efficient compression of communication—the minimum space or time of
transmission occupied by the signal which still maintains fidehity in telecommunication. In
essence, Gabor’s concept is that of information as the product of interaction along two dis-
tinct dimensions: 1) an energy dimension measured (in physics) in terms of frequency times
Plank’s constant, and 2) a space-time constraint (either Gaussian or rectangular).

The Gabor elementary function, as it is ofien referred to, has been found to characterize
percepiual processing in the neural connection web, that is the interaction between horizontal
dentritic networks and veriical axonal transmission pathways, for several sensory systems in
the cerebral corlex {(see Pribram, 1991, Lectures 1-5, for a review of the evidence). 27 There is
also sociological evidence, from the work on speech convergence and accommodation, of an
energic system of nonverbal information transmission operative in humdn social interaction
(see the review by Giles & Coupland, 1991, and especially the studies by Grcgory and his
associates: Gregory, 1983; Gregory, 1990; Gregory & Hoyt, 1982; Gregory, Webster, &
Huang, 1993). For instance, in a recent study of 25 dyadic interviews between a talk show hast
and his guests, Gregory and Webster (1996) found evidence of a low frequency (bencath 0.5
kHz) nonverbal signal in the energy spectra of vocal communication that appears to carry
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Figure 10.  Logic of Theoretical Model.

encoded information about the relative social status of the individuals involved.?® Such an
energic nonverbal communication system may be better understood within the terms of
Gabor’s concept than Shannon’s.

Evidence with direct bearing to the present work are two findings from Bradley's (1987)
study of 57 social collectives. The first finding is that of a non-locatized order of relations of
positive affect in which information about the colleclive's global organization appears to be
enfolded and distributed to alt individuals; the second is that this holographic-like order was
found to be coupled to a system of power relations (see Bradtey, 1987, Chaps. 8 and 9; Bradiey
& Roberts, 19892; 1989b). This coupling of a distributed order of affective energy to a con-
straint system of power relations is not describable as an information processing system within
the terms of Shannon’s concept; however, it is readily understood as such with Gabor's concept.

We should now be in position to apply Gabor’s concept—of information as the product
of the interaction between an order of energy oscillation and a.system of spatio-temporal con-
straints—and show how the interaction between flux (a field of energy movement) and control
(a system of hierarchical constraints) operates as a communication syélcxn in the collaboration
among members to inform the expenditure of eénergy and produce collective order. The sym-
metric bonds of the distribution of energy indicate that individuals are essentially interchange-
able so that there is a more-or-less equivalent patterning of flux througlibnt this field. By
contrast, because individuals are asymmetrically connected in the hierarchical order, the sys-
tem of controls operates differentially on the collective’s members, both with respect to their
enetgy expenditure at a particular location in space as well as with respect to its actualization
in particular moments of time.

Drawing on Gabor, it is expected, therefore, that the operation of hierarchical controls on
the distribution of flux (Figure 10) generates information as a moment-by-moment, quantized
description of the collective organization in terins of both structure (spatial-temporal position)
and flux (distribution of energy). By providing a succession of descriptions within space-time
and spectral coordinates, units of information are constructed and communicated throughout
the collective. Thus the information exchange that characterizes the endogenous order, as it
continuousty evolves in an on-going series of interactions, can be described as quantized.
Because, by virtue of its spectral nature, each Gabor unit, each quantum of information antic-
ipates the unit that succeeds it, each “‘contains information” about the future potential order of
the collective (Bradley, 1997, Gabor, 1946, p. 437).
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However, whenever there is an imbalance between the amount of distribution of flux and
the amount of control, quantization breaks down, resulting in a lowering of inforimation trans-
mission. The reduction in information iransmission impairs the efficient operation of the col-
lective which, in turn, increases the likelihood of instability. This impairment is due to what
Ashby (1956) characierizes as the necessity for “requisite variely” in cybemetic (information
and control) systems. :

5.5. An Example

Musical notation is an example of a Gabor-like energic communication system that oper-
ates Lo inform the collaborative interaclions of a musical (social} Cdlléc!ivc such as an orchestra,
a band, or a choir. An individual “note”™ can be viewed as a dll’ELl cm.lloguc of alogon. It is
(.omposetl of data “plonted” in a (written) musical score o lhc saie two or(hogonal!y related
dimensions as a logon: one dimension is frequency, the major determinant of pitch, varying
oscillations of sound waves (encrgy vibrations) produced by the operation of a musical instru-
menl; the second dimension is time, how long the note is 1o be played. The second dimension
is signified, in part, by the tempo (e.g., allegso or largo) at which the piece is to be played, and
in part by the notation of the duration of each note (an eighth or a sixteenth, etc.). The pattern
of energy expeaditure by which the music is actualized is prescribed on a musical score as a
momenl-by-moment sequence of operations on the msical instrument, for each musician,
specified both in frequency and in time. Moreover, the score for all musicians contains a spatial
component as well: it also specifies which subset of musicians, in relation to the whole orches-
Ira, is to play at each moment. Thus a composer’s written musical score represents a description
of how the potential energy of a colleclive of musicians is translated into expenditures of
energy, dilfcrentiated for each individual on the dimensions of frequency and time-space, to
actualize a given composition as “‘music. "29

This example of musical collectives suggests that there are limits to normative regulation
of this kind of information processing. Al one extreme is the written musical score—the com-
poser’s moment-by-moment prescription for each action by every musician on the two dimen-
sions of frequency.and time-space, a formatized embodiment of the uitimate level of normative
regulation. Sociologically, this is equivalent to formal (social) organization, like a bureaucracy.
At the other extreme, it is clear that cenain minimum normative specifications on the two
dimensions are also necessary for communication within moie mformdl socidl collectives, such
as jazz bands. Al minimum, the jazz band iust specify (normatively dcflnc) the “Key" (the pro-
gression of harmonic frequencies to be used) and specify the “time signalure”™(the number of
beats per measure of lime) in order 10 improvise effectively in thelr construction of “music.”
As Barrett (1998, p. 20) notes, such “minimal constraints,” or what jazz artist Herbie Hancock
calls “controlled freedom™ (Berliner, 1994, p. 341), create a stable collaborative order of con-
stantly evolving interaction.

The example indicates, as noted, that the way that this kind of information processing
allows individuals to “anticipate” future collective order is derived from the harmonic order
implied in the ascillation of energy at different frequencies (Bradley, 1997). By defining the
progression of musical frequencies that can be played by any member at any given moment,
the key defines the sel of optional structures wulml which our jazz band’s behavior must be
organized (o prmluuc coherent order, or “music.”
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Figure 11. Model of Endogenous Communicative Structure and Action States of Collective
QOrganization. ' o

When (jazz) musicians abandon the melody as a model for invention ... they depend on the pro-
gression’s salient features as signposts {or the improvisation's “progress.” Moreover, the syntac-
lic implications of harmonic structures assist arlists in their endeavor. Once they cultivate a
“feeling for form, the form will guide you: it will ahmost flay itselli™ |Berliner, 1994, p. 173:
our addition].

Thus, future action for the individual musician is informed by the implied subset of
combinations of (musical) frequencies that are harmonious, consislent when combined
with those produced by the other musicians, and which will when actualized, therefore,
creale coherent sequences of (musical) interaction. 1t is our expectation that such “antici-
pated order” is characteristic of such energic communication in all social collectives. And
while our concem has been confined to human social collectives, it is likely this may
extend to communication involving the momemnt-by-moment anticipations of order in rap-
idly moving animal collectives like shoals of fish and flocks of birds (Bradley, 1997).
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Conomunication and Stability in Social Collectives

6. Communication to Action

Drawing on the empi rical results and the theory of communication presented above, atheoretical
model is constructed that shows how distinctive states of collective order are produced by the
collective’s communicative structure. This was done by linking different levels of the commu-
nicative struclure’s operation to a phase space of potentials for cotlective action (see Figure 1 1).

6.1,  Theoretical Model of Endogenous Communication

In the terms of the model, the communicative structure is formed by the interpenetration
of networks of endogenous relations organized along two dimenstons in which the values allo-
cated in each dimension define points within a social field (Bradley and Roberts, 1989a). The
values ascribed to the horizonlal dimension represent lux, the amount of activation of poten-
tial energy in a social collective. The values ascribed to the vertical dimension represent the
amount of control (the degree to which individuals are interconnected by a transitively
ordered network of relations) exercised at thal location. _ :

The coordinates representing the dimensions bound a phase space within which each
value represents an amount of information in Gabor's terms that characterizes the commu-
nicative structure and inforis the cotlective’s energy expenditure. Thus each unit of infor-
mation, a different configuration of flux and control, is associated with a corresponding
potential for collaboration among members and, hence, stability in their collective action.

6.2. States of Order

Tworegions of action can be distinguished within the phase space (Figure 11). One of these
is a stable region of colective orgnnizali('m associated with efficient patterns of communication;
itis comprised of two subregions (functional and transformational) thut are separated by an area
of lurbulence and instabitity. The second is an unstable region in which the minimum values
for efficient communication are not met so that various forms of colleclive dysfunction result.
The regions are separated from each other, marked, in the terms of non-linear dynamics, by a
phase transition from psycho-social instabilities lo (far-from-thermodynamic-equilibrium) psy-
-cho-social stabilities in collective organization (Prigogine & Stengers, 1984). The region of sta-
ble collective order represents, therefore, a qualitative change in psycho-social organization.

6.2.1. Instability and Dysfitnction

In the unslable region, the patterns of potential energy and control are either unable to
establish or unable to sustain viable forms of collective organization. Values of low potential
and low control (the area labeled as insufficiency in Figure 11) fail because, in addition to a
certain miniinum of kinelic energy, stability also requires at least a minimum of direction be
given to that energy. This direclion comes from the inlcrpenclraiibti of (tux and controt which
inlorms the paths by which kinetic energy is expended in social organization. Viable organi-
zation {patterns of effective collaboration) thus requires, al minimum, a linkage to each indi-
vidual on these two relations. Without this, a new collective could not be created or founded,
and an existing organization would devolve into a loose aggregation of disjointed cliques and
isolaled individuals unable to communticate amd, consequently, work together as a functional,
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soctatly autonomous entity. Two other combinations are also expected to produce instability.
Coordinate values representing high controf and low potential energy (labeled ossification in
Figure 1) delineate a rigid organization in which insulTicient lux is available for social com-
munication. The tack of conmunication means that the paths to organization are fixed, not
adequately informed by the omtological reality of current circumstances, and are therefore
unable to adapt as the situation changes. '

At the other extreme, combinations of high potential energy and low control (fabeled vol-
atility in Figure t1) delineate a turbulent situation in which little of the enormous flux is
guided by hierarchic controls. Communication is inadequate as insufficient infonmation about
the ever-changing situation is distributed.

0.2.2. Stability, novation, and Transformartion

The region of dysfunction swrrounds the region of stable organization which is cen-
tered along a main diagonal of the phase space, and which, as noted, embodies a qualita-
tive change in psycho-social organization, The phase transition from dyslunctional to
viable collective Torms (which includes the area of turbulence between the two stable sub-
regions} is described by fluctuations in potential and control which end in a point where
the patterns of energy activation and’ expenditure no‘longer dissipate into the environment
{no longer average out to equal the energy levels of the surrounding context} but coalesce,
under the normative constraint ol a membership boundary, to crystallize as an emergent
collective urder. Tou defy the tendency toward entropy (disorder) and sustain a viable, sta-
ble order requires minimizing the fluctuations by linking the activation of potential to the
control operations so that the energy expenditure of all membéfs'is informed in relation to
the collective’s action. Thus, in terms of the data prcsented in Flgure 1, viable organiza- |
tion requires a certain minimum of flux and a certain minimum of control: a network of
reciprocal equwalent connections linking every mdmduai to at least one other person; this
order must be coup!ed to a transitive network of asymunetric relations linking the energy
expend;ture of each md!wdua! to that of at least one other person. 30

The lower and upper boundaries of this stable region define the values representing
efficient information processing. This region is consistent with the evidence from studies
of the interactional dynamics of infant and child deveiopment (Schore, 1994; Hinde, 1992,
respectively; see above page 34), and it also is consistent with the thermo-dynamically
inspired connectionist models of neural networks (e.g., Hinton & Sejnowski, 1986,
Hopfield, 1982).

In such models, efficient pattern matching is found to occur in a region between total
randomness and total organization: tn our terms, between rapid flux and rigid control. The
refation of flux (o control narrows from many degrees of freedom at the fow end of the
space, to an aimost one-to-one correepondence at the high end, There is a progressive nar-
rowing of optional structures for stable collective oxg'mxzalmn based on the increasingly
close articulation between flux and control. Thus, the shape of the space of stable collec-
tive function is triangular.

Figure |l also shows that this space can be subdivided into distinct types of collec-
tive order: functional and transformational. The transition from one subregion to another
is not gradual but involves a qualitative change; distinct types of communication can be
defined. In between the subregions is a phase transition characterized by turbulence and
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anstability. Each subregion is composed of different combinations of flux and control so
that a colleclive can only have one of .these patlerns of communication at any given
time. Furthermore, there is considerable difference in organizational effectiveness and
vulnerabilily to collective dysfunclion between the patterns constituting the subreglons

At the low end of the functional subregion, the range of combinations of flux and
control 1s great and there are thus many different viable patierns of communication pos-
sible. As a resull of this loose articulation belween flux and control, communication
tends to be effortless but minimally elficient. The pattern of- communication here fits
best with routine organization, that is, collective function lnvo]vmg stinple activities or
the repelition Of an invariant structure of opcmlmns in an enwronmcm marked with lit-
tie change. ‘ ' :

At the high end of the functional subregion, lhcre is a close arlu.ulallon bctwccn flux
and control so that the patterns of information processing tend to be optimal-—maximally
efficient—and give rise to highly dynamic yet stable patierns of organization. The densely
knit, closely coupled horizomal and hierarchical networks of flux and control operate to
produce fast, continzous information processing. Because all information is distributed
continuously to all points throughout the collective, aspects of these data can be processed
{combined and reviewed) by any member(s) in many different ways. Thus, in this mar-
ket-like order of communication, a member at any location can be the point of origin for a
different or a new pattern of social organization. This is the communicative structure of
innovative organization, a highly flexible, adaptivc structure of almost constantly chang-
ing patterns of energy expenditure responding (o a rapidly cvoivmg social context (Rob-
erts & Bradley, 1991; Roberts & King, 1996).

Beyond this, at the apex of the viable region, is a small subregion (Jabeted transforma-
tional in Figure 11), separated {from the functional subregion by a turbulent gap, defined
by an alimost one-to-one relationship between flux and control. To assure stability here a
tight coupling between the two must be maintained, a not-so-easy task: the greater the
flux, the more control must be exercised and vice versa,” taking ‘much effort (Bradley,
1987). Often, when such an effortfut course is in operation, ‘a sudden organizational spasm
occurs. The ‘'spasm has two possible oucomes. One is a-stiuctural- tiansfofmiation in the
pattern of information processing, resuiting in total reorganization to creale a novel, quali-
tatively different collective. The other is structural devolution—implosion—the compiete
breakdown and collapse of the colleclive as a viable organization (Bradley & Roberts,
1989a; Roberts & Bradiey, 1988; Zablocki, 1971). '

7. Caonclusion

Prigogine (Nicolis & Prigogine, 1977, Prigogine & Siengers, 1984; Prigogine, 1997) has
shown that the persistence of stability in far-from-thermodynamic-equilibrium systems
such as biological collectives is exogenously dependent upon an unbroken supply of
energy from the colleclive’s environment; this, of course, is also true of a functioning
social collective. However, because we have focussed here on the organization of the
energy thal has become endogenously available, our model. concerns 'the social collec-
tive’'s inlernal structure.
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This internal structure is conceived lo be based un the biological potential of the indi-
viduals composing the collective lo engage in physical work, measured as energy. When
activated by the collective, this energy is made available for social interaction as a field of
polential energy. We have labeled this dimension ol the endogenous order “flux.” In the
other dimension, individuals are connected hierarchically, We have labeled this dimension
“control” because it appears to direct and regulate the activation ol the collective’s energy.
Controls over the activation and distribution ol flux result in social communication by
way of quantized (fogonlike) units of information which become distributed throughout
the collective. Each unil of information enfolds a hotographic-like description of the col-
lective’s endogenous organization. Thus the inlerpencetration between the two orders oper-
ates as a comuuunication syslem that informs the moment-by-moment expenditure of
energy to create stable patterns of collective nrganizalion.“

Different states of collective order are produced by different levels of the communica-
tive structure’s operation. Functional (and thus stable) organizhlion requires a certain nini-
mum of energy and also that a minimum ol direction be given lo the expenditure of that
energy: that all members are interconnected by at least one bond of flux and one relation
of control. Il these minimum values for communication are not met, dysfunction resuits
and nonviable or unstable states of order are created.

Beyond the threshold of these minima, the range of low values for stable organization
narrows progressively from many different loosely coupled combinations of flux and con-
trol to close coupling between high values of flux and control. When communication is
minimally efficient, the former fits best with the simple or repelitive aclivities of routine
organization. On the other hand, when the amount and speed of information processing is
maximally efficient, the pattern of communication corresponds to the constantly changing
pattern of energy expenditure that characterizes innovatlive organization.

There 1s a discontinuily in the values defining fianctional organization, giving rise to a
pattern of extremely high values that create the potential for structural transformation.
When energy expenditure is maximized (hus, stability is problematic ‘and requires an
equivalent level of control: a tight, one-1o-one coupling between flux and control.

The efficiency of the internal dynamics, and its retationship lo the collective's
action, was found to display an optunal (energy conserving} combination of flux and
control which is associated wilh stable coliective action. Qur etnpirical results thus
show that for the group to survive as an effective working unit; an efficient communica-
tive structure was required. Only those configurations that produce a path of least
action, one. which entailed the smallest amount of turbulence, fé_:sUﬂed‘ in 4 stable, effi-,
cient collective. h '

We began with a simplifying assumption that stability can be identified with sur-
vival. Unless the collective remains a stable, durable social entity, there is little to
enquire about. Thus in order to understand how stability is accomplished, we have
restricted our concern to the structure and internal dynamics of the collective, and have
left aside, for the moment, its behavioral effectiveness as a system operating on its envi-
ronment. We are now invesligating the possibility that less stable cotlectives, such as
chartsmatic organizations, are more effective vmler certain limited conditions—say, for
achieving radical (ransformation (Roberts & Bradley, 1988)-—than hyperstable organiza-
tions like bureaucracies.
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Appendix
Summary Statistics for the Measures of Flux, Control, and Stability (N = 46 comimunes)
Triadic Structure (Mean Proportions)
Symmetric Triad Types

Mean Dyadic Density! oo 102 200 300 Total
Flux
Loving (L.} 44 2600 341 208 192 1.00]
Impraving (1) 46 232 348 224 196 1000
Exciting (E) A7 622 285 067 027 1001

Low Intensity Flux:

Mean (L., [, or E) 36 J71 325 166 138 1.000

High Intensity Flux:

Mean {L. AND L AND E) A 38200 046 015 1.000
Asvimetric Triad Types

003 012 021D 021U G2IC 030T 030C Total

Control
Power 30 097 261 137 113 129 243 020 1.000
Stability
Survival status, Time 1 - Time 5 (12 month intervals)

7! 172 13 74 15

1974 1975 1976 1977 1978 Total

N % N % N % N % N % N %

Survived 46 100 35 629 R} 24 B3 22 92 22 48
Disintegrated 0 1l 24 6 17 5 17 2 8 24 52
Total 46 HH) 46 100 35 g 29 HO0 24 100 46 100

Note:  'Number of relatians of a selected dyad typefnl) possible relations, For the three indicators of Nux [leving, improving, and
exciting) the numerater was the number of relotions formed as a dyad of positively reciprocated relations (i.e., both § and §
answered “yes"): for the indicator of control {pewer) the numerator was the number of dyads for which an asymmelric
ordering was evidenl In the relationship between | and | fi.e., either i had greater power in Lthe relationship than j, or J had

greater power than 1.

Notes

[. Carley's {1991} work is no exception in that it is based upon computer sitnulations of the dis-
tribution of “information” by “individuals™ in artificiat sinall social “'groups.”

2. There is much empirical evidence that these two dimensions ol order are the basis for stable
organization at the neurobiological, neuropsychological, psychological, and the sociclogical levels of
behavior (see Pribram & Bradley, 1998). _

3. The sociograms in Figure | were constructed from sociometric enumeration of all possible
pair-wise relations (dyads} in which each udult meniber was asked a set of standuardized questions about his/
her relationship witheach other member, See Bradley (1987) or Bradley & Roberts (1989b) for further details.

4’  As discussed elsewhere (Roberts and Bradley, 1991}, the word “coltaboration” is derived
from the French verb collabarer and means “waorking” taborer “logether” cof to achieve a common
objective or cutcome. This conception is similar to Piaget’s (1965/45) concept of cooperation, “a system
of (rectprocal) operations carsied oul in commaon™ (p. 153).
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5. Three cormmunes from the origina! swmple were not included as membership in these proups was not
completely veluntary (for more detail on the methods of the original study, see Bradley, 1987, and Zablocki, 1980).

6. The resiriction of the measure to include only mutual responses (i.e., both { and j answer
‘yes”) conforms to Bradley and Roberts' (1989h} imperatives for sound soctometric measurement. In an
empirically-based analysis of the operativnal procedures routinely employed by networks researchers,
they have shown that the inclusion of nonreciprocated responses (where i says "yes” and j says “‘no” or
“no answer”, or vice versa), when measuring the presence of a relation, introduces measurement error
and results in spurious images of network structure (Bradley & Roberts, 1989b, especially pp. 119-122).

7. The wording of the “power” question (“Even the most cqual of relationships sometimes has a
power element involved. However insignificant it may be in your relationship...") :was deliberately
designed to encourapge a response from respondents after exiensive field testing with other forms of
wording failed to illicit the hierarchical ordering consistently observed among members in the com-
munes used for pilot testing the study's instruments.

8. Validation for this measure of control is offered below when the results of a discrimirant anal-
ysis using all seven triad lypes are presented.

9. Although the communes ranged in group age from three months to nine years at Time 1, there
is little evidence that “period effects” (differences in group age at the time data collection commenced)
explain the variability in survival status. Dividing the sample into “young” (two or less years; ¥ = 23)
and “old” (more than two years: N = 23) categories of group age at Time !, and cross-tabulating these
classiflications by survival status grouped in three categories (dissalved by Time 2 or Time 3: ¥ = 17; dis-
solved in Time 4 or Time 5: N = 7; survived bevond Time 5: & = 22) chows non-existent (0%) to modest
{12%) non-statistically significant differences between the “young™ and “old™ categories of communes
(chi-square coefficient with two degrees of freedom = 1.260, pr. = .533).

10. Theoretically, this is consistent with Gabor's (1940) concept of information (introduced in Part
2 below}, which states that although different dimensionalities are involved—unordered and ordered,
respectively—the two ordinates of are of equal importance: neither has more weight than the other in com-.
tributing to efficiency of communication; the data on both ordinates.must meet the same minimum amount
as mathematically defined by his formalism for a logon. a quantum of information. At the operational
level, also, the two measures of flux and control were empirically equivalent in that the number of potential
links among group mentbers (NM(N-1)) for both measures was identical, and the vbserved mean dyadic den-
sity of links among members was comparable (.36 and .30, respectively; see the Appendix).

11. Because they are based on an index that is an average (the mean of the sum of low intensity
flux and control in each commune), it is possible that these results may simply reflect the relative
weights of low intensity flux and control in otr measure of total information, To check this we computed
a dilference score for each commune by sublracting the value for control from the value for flux (a pos-
itive value = mare flux, a nepgative value = more control; mean difference score = 119, S.D. = 275,
range was .917 to —.450). The communes were then divided into two sets: one set of 14 (30%) com-
munes with more control, and a second set of 31 (67%) communes with more flux {means = —202 and
.268, respectively; t-test of dilference in means = —~8.56, pr. = .000, DF = 42}, and partitioned by survival
status at Time 2 through Time 5 {one case with a dilference score of zero (equal amounts of flux and con-
trol} was excluded from this analysis). The results show that while the probability of survival is virtually
the same at Time 2 {11 (79%} survivors of 14 communes with more control, and 23 (74%) survivors of
31 communes with more fux (chi-square = 100, pr. = .751}), the difference in the probability of survival
increases notably by ‘Fime 5 {13 (429%) survivors are observed for the groups with more flux compared
to 9 (64%) survivors for those with more control (chi-squiare = 1,928, pr. = .165)). However, none of the
differences in the survival rates between these two groupings of communes was statistically stgnificant.

12. This time-series of scatter plots on stability was run out across the full fosty-eight months
(i.e., Time | threugh Time 35) for which observations were collected-on the communes. The results
for the first.twenty-four months (i.e., through Time 3 as shown in Figu'rg _6}__'.:uggesl this is a reason-
able period over which fo apgregate survival status tv accumulate enough nonsurviving cases (non-
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survivors at Time 3- = 17 cases) for the analysis; the scatter plots for Time 4 and Time 5 (not
dispiayed) show evidence of a deterioration in the “predictive power"” of the information provided
by flux and control at Time | for stability beyond twenty-four months.

13. Two of the variables nol included (the mean aumber of hours adult members had “spent in the
comirtune over the last three days,” and the “organization of chores”) had “missing cases,” and were
exclnded from the analyses reporied in Tables 4a and 4b 10 keep the case counts as high as possible, par-
ticularly in the “transformational”™ and “insufficient™ categories. While not presented here, the results
from separate discriminant analyses, run with each of the two variables excluded by itself, are compara-
ble (o the results reported here. Some categories within the third variable, “ideological type,” have too
few cases 10 be treated as duminy variables and, therefore, could not be included in the analysis.

14.  The results are summarized in narrative form here due (o space constraints.

15.  The canonical correlation, a mullivarizte measure of the association between the discriminant
scores and the groupings of conmnunes, was .544; the squared canonical correlation was 296, indicating
that only 30% of the variance was explained.

16. The breakdown of cases correctly classified in the other categories is: eight (80%) of ten cases
in the unstable-turbulent grouping, twenty-four (96%) of twenty-five cases in the stable- optimal group-
ing, and lour (679%) of the six cases in the unstable-insufficient grouping.

17.  The canonical correlations for each were 916, 433, and (090, and the eigenvalues were 5,186,
0.231, and 0.008, respectively.

18. The breakdown of cases correctly classified in each category is: all three (100%) cases
belonging to the stable-transformational grouping, three (75%) of four cases in the unstable-turbulent
grouping, thineen (93%) of fourteen cases in the stable-optimal grouping, and none (0%} of the two
cases in the unsiable-insulficient grouping.

19. It is important to note that all members of the collective are included; this follows from our
concepl of communicalion, the interaction among networks of relations connecting all individuals in a
collective. As mientioned, it is the same notion that underlies the connectionist models of “neural net-
works.” This 5 a different approach than that employed by most social netwaorks researchers and system
dynamics modelers in which the criterion of “mutual relevance™ (Laumann et al.,..1982}) is used to
include only those actors who are (contextually) relevant to each other in the system.

20. See Bradley (1998a; 1998b) for an elaboration of this point in regard 1o Laszlo's theory of
quantum vacuum inferaction (Laszlo, 1995).

21.  Itisinteresting tv note that in the performing ans, by contrast, “energy” has a usage more con-
sistent with its meaning in the physical sciences: the perfonner is viewed as translating his or her energy
into bodily movements which, when also delined in terms of space and time, permit precise descriptions
of dance-and stage movements (see Laban, 1967; Hulchinson, 1970). .

22. The least action principle was enunciated with regard to a measure of efficiency that came
from building steam engines. The aim was to convert the action of sleam into useful work by minimizing
its dissipation into friction and other useless generators of heat. Much experimentation with different
engines was required Lo achieve this objective; it took effort to develop an efficient steam engine. Effort,
in this sense, is directly related to internally atlaining efficiency; whereas effectiveness deals with the
tolal amount of work necessary lo accomplish an external goal, irrespective of how much effort is
expended (see Pribram & McGuinness, 1975; Pribram, 1991, Lecture 10).

23.  This conceplion is similar to Bohm and Hileys' notion of “active information” (see Bohm &
Hiley, 1993, pp. 3542, 59-71).

24,  See Cherry (1966} for an excellem review of these ideas, and Kaiser (1994} for a readable
introduction 1o the physics of signal processing.

25. Heisenberg had developed his mathematical formulation of uncertainty 1o define the discrete
units of energy, quanta, emilled by subatomic radiation.

26.  This unit differs from Shannon’s unit of information, the binary digit, which is the Boolean
choice between alternatives.
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27. Forcxample, in a series of recent studies on the barre! curtex of the rat (involving the stimu-
lation of the ral’s whiskers in terms of the spectral and spatial components of neural response aclivity),
Pribram and his collaborators (King et ai., 1994, Santa Maria et al., 1995) have shown that the response
activity of receptive fields could be described in terms of spatially and temporally constrained manifolds,
and that each of these manifolds coufd be derived from Gabor-like functions.

28. Conducling a spectral (fast Fourier transform) analysis of the low (energy) frequency band of
vocal spectra of speech samples from the inlerviews, Gregory and Webster (1996) found voice conver-
gence between inlerview partners, and also that lower status partners accommodated their voice patlerns
to higher stalus partners via the low lrequency nonverbal signal.

29. A similar dimensionality also is used in the performing arts. Starting from the premise that “there
are three elements in all (human) movement—space, lime, and energy™ (Sabatine, 1995: 127; our addition}, a
systematic symbolic language, Labanotartion, was developed by Rudolf Laban (1967, see Hutchinson, 1970)
for recording the minute combinations of energy, space, and time that comprise all of the movements in a dance.

30. While derived from different theoretical principles, this proposition is consistent with the con-
nectionist arguments of some social networks theurists (see Granovetter, 1973; Atkin, 1977; Doreian,
1986, Burt, [992). It is also consistent with Von Neumann’s “automata’” for cybemetic systems.

31. Elsewhere (Pribram & Bradley, 1998), we have documented empirically-based correspon-
dences between these field-like and hierarchical dimensions of order and the generation of stable orga-
nization across the personal, interpersonal, and collective levels of human experience.
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