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Ravmond Trevor Bradley and Karl Pribram’s chapter. Communication and Optimality
in Biosocial Collectives. is unique among the chapters in this book in that it deals with
optinmaiity in social sustems composed of people. rather than individual nervous systems composed
of brain regions. It is related to this book's other chaptevs, however, because of the strong
analogies between different leveis within complex nonlinem dynamical systems.  Just as tupical
neural networks. whose nodes are brain 1egions rather than individual nenrons, include etfects
tint care be described by the avernge of effects in single nenrons, social networks include effects
that can be described by the avernge of effects in individual brains.

Bradley and Pribram describe koo key variables in the dynamics of wrban comnnes that
nteed to be in optimnl ronges for a comnune to Imve a good chance of surriring over periods of
four years or move. These two vaviables they call flux and control.  Flux is defined as the
density of interactions between diffevent members of the commune. Because Mux is related in
some sense to the nmount of “excitement” or "stimulation,” optimal flux appears to be related
to the critevion, developed in Rosenstein’s chapter of this ook, of optimal “income” within an
individual brain.  Control is defined as the extent to which vules or hierarciiies goversn these
interactions.

The optimal patterns of flux and control can be velated in many ways to theories of
individual brains and neural netiworks. Pribyam relates these varialies, by analogy, to phusical
energy vaviables, mnd concludes that the stable states correspond to configurations that obey some
kind of least action principle. Previously, tn joint work eith Dinne McCuinness, Privram had
related such principles to optinal fupctionmg of a brain sustent that incindes the frontal lobes
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and Iippocantpus, among other mens. Also. the optimal states can be described as states that lie
in a region, as Bradley and Pribram sau, “between total vandomness and total orgamzation.”
These states ave described by a thermodynamic analogy aiso nsed in nenral networks deteloped,
for exampie, by John Hopfieid. Geotfrev Hinton, and Tervence Sejnowski.

Bradley and Priimam’s chapter can be consideved part of the same project as Leven's
chapter in this book (and, to some degree. the chapters bu Levine, Prueitt, and Werbos). That
project aims to bring insights from newrnl network theory and cogmitive science to bear on
developing new theortes in the social sciences (in the case of this chapter, sociology). This project
should address the sore need tn the social sciences for joundations that (a) ave quantitative and
at the same time (b) integrate the dynamics of rveal human behavioy and emotions,

ABSTRACT

A theory of communication is developed o explain optimization in the sociat collective:
to explain how energy expenditure interacis with control vperations to form an efficient
information processing svstem that results in a stable, effective collective. The theory shows how
twao orders of social relations. tlux and control, act on the hiosocial energy of the collective's
members to create quantum-like. clementary units of information.  Each unit of information
contains a description of the collective s endogenous organizaton. Constructing and distributing
such descniptions throughout the collective on i moment-hy-moment basis. the interaction
between the two orders operates is 1 communication system that in-forms (gives shape to) the
expenditure of energy and results in stable. effective coliective action.  Results from a
longitudinal stdy of 57 social collectives otfer empirical suppont tor the theory.  Oniy those
coatigurations of lux and control thar preduced a path of least action — one which entailed the
smallest amount of turhulence — resulted in 2 stable and thus etfective sucial collective.

One has the vague teeling that information and meaning may prave to he something like
a pair of canonically conjugate variables in quantum theory, they being subject to some
joint restriction that condemns a person to the sacritice of the one s he insists on having
much of the other. (Shannon & Weaver, 1949, p. 117).

1. INTRODUCTION

The picture ot reality that science pontrays retlects the way science is organized. Broadly
speiking, this organization divides science into distinet disciplines (e.g., sociology. psvchology,
hialogy, chemistry. and physics), edch perceiving the natural world by way of its own perspective
and techniques. Retlecting this erganization, must behavioral science is a single-ievel enterprise
generating badies of data and theory specifiv o the phenomena of concern. This is especially
true of comtemporary sociological research which, since Emile Durkheim’s Les Regles de la
Methode Sociologique (189371938), has treated (human) social interaction as a separate order best
understond by studying the ways sociil organization constriins the behavior of the individual and
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that of collectives of individuals (e.g.. Bun, 1992: Coleman, 1990: White. 1992; a notable
exception is Collins, 1975).

Essential as single-leve! enterprises are. some of the most exciting moments in the history
of science have come when data collected from adjvining levels provide insights that point to the
possibility that scientific knowledge can be woven into a single coherent tapestry. Such insights
are the product of multilevel investiganions thit focus on the interiinkages between systems of
arganized behavior at adjacent leveis.

The broader aim ot this chapter, theretore. is to relate sociad phenomena to basic concepts
that have developed in physics and controf engineering. Bevond the urgency and importance of
the development of a common scientific fanguage (Bishop, 19951, we take this approach because
single-level research in social science has not heen successtul in predicting the behavior of social
collectives, and because we believe that the development of this undenstanding can be informed
by concepts that have proven useful in these tieids.

Two steps are usually required 1o obtain insights when using a multi-level approach. The
first step is to discern commonalities in the hehavior of coliectives operating at different jevels
and to describe these in a common termunoiogy.  For instance. an assembly of neurons in the
brain is conceived to abey the same taws ot communication as an assembly of people in a social
group. A formal approach 10 this step was taken by General Systems Theory (Miller. 1968: von
Bernalanffy, 1969). The second step secks an understanding of the intimate relations that connect
two adjacent levels of inquiry. [deally, the vperation of these relations, formally described as
transfer functions (transformations), must aceount tor the results obtained in the first step (see
Nicolis & Prigogine. 1977; Prbram. 1991).  As an explanation of the perindic table of chemical
clements, atomic aumber theory is a prime example of this second siep (Bohr, 1921a, 1921b).
In this report we take only the first of these steps to explain optimizition in the social collective:
to expinin how energy expenditure interacts with control operations to form an etficient
communication system that results in a stable, etfective collective.

We draw our insights and formalisms trom thermodynamics and information measurement
theory to help undemstand the communicative structure of small social collectives.  In a
subseyuent work, we plan to describe the transter functions (rules) by which the processes these
formalisms embody are translated into psychological and sociological mechanisms operative in
the collective. Thus the multileve! sirategy is rof being employed in the service of reductionism:
indeed. as essential as single-level science is. we believe it must be complemented with
multilevel work if a general scientific account of the behavior of collectives is to be achieved.

Scientific explocation is vften dependent on the inveation and application of new
technology. One of our premises is that ideas derived trom the formalisms of mathematics
provide a technology that can be applied to data acquisition and analysis, especially as
imple J in comp programs.  The formalisms provide ways of expressing. in precise
form, problem-solving algorithms, that is. ways of thinking about data sets. Mathematics in this
sense is the technalogy of thinking.'

' This view of mathematics was expressed explicitlv by Grassmann (Lewis, 1977, p. 104) who (ounded an
algehra 10 ropresent the thought process, On the basis of Geassmann’s work, Clitlord developed an cight-valued

(Iwo-qualemion ) algebra used by David Botin and Basil Hiley (1993) i tacsralating issues in g mechanns.
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Qur report van he conceived. therefore. as an cxperiment in which we are tentatively
applying computational devices. aigorithms. tound usetul in stating and solving probiems in other
scientific endeavors.  Computers are o the behavioral sciences what lest tubes are to
biochemistry. Both are "in vitro,” silicon-hased technologies, means hy which energy relation-
ships. control processes. and information transmission can he studied.

In what follows. we present i theory of glohal communicaton in social colfectives. By
global communicaton we mean a process by which information about the collective’s internal
organization is gathered, processed. and distnbuted throughout the system as a whole. A social
collective is defined as a durable arrangement of individuals disunguished by shared membership
and interaction in relation o 4 common purpose or goal. The theory shows how two orders of
social relations act on the hipsoctl energy of the collective’'s members to create elementary units
of information.  Each of these units of intarmation contains a description of the coflective's
endogenous organization.  Constructing and distiibuting such descriptions  throughout the
collective vn a moment-byv-moment basis. the interaction between the two urders operates as an
etficient communication system that informs the expenditure of energy to ettect stable. effective
cotlective acnon. We sround our understanding on the empirical results of o study of 57 social
collectives.

2. PURPOSE AND APPROACH

The approach we develop differs in a4 aumber of important respects tfrom the kind of
undersiaanding generally offered by social scienve in accounting tor social behavior. A hasic
difference is our focus on an clemental order of communication, an order that is more inclusive
than the restricted concept of (human) communication gencrally employed in social science.
Emphasizing the cultural basis of human sociation, the term is generally used to denote
interaction that invoives the exchange of normatively defined meanings and understandings
among purposeful social actors (Cherrv, 1966).  Irrespective of whether it occurs in an
interpersonal or a collective context. commuaication is viewed as centered on the individual —
transpiring between or among selt-conscious actors, cither i the pursuit of their own goals or
in the roles they play as agents for collectives (Rogers & Kineanid. 1981; Jablin, Putnam. Robens,
& Parter, 1987).

The broader concept of communication thit we develop here is simitar to the notion of
communication that underlies the  “connectionist”  computationil  models of  "brain-styie
processing” (Rumelhant, 1992, p. 69).  In these models syachronous parallel distributed
processing among densely connected artiticial "neural networks™ is shown capable of encoding
and "learning” quite complex patterns of "knowiedge” and behavior (see Rumelhan, MeClelland.
& the PDP Research Group, 1986, and McClelland, Rumeihan. & the PDP Reseirch Group.
1986, for examples). Here. informaion processing (computition) occurs n the pattern of
excitatory and inhibitary refations that imerconnect all of the “neuron-like ™ nodes of the “neural
newwork:” it does not oceur in the nodes themselves. This is the same core idea in our concept:
a field of relations in which it is the interaction among ditferent arders of social connection that
processes and transmits intormation throughout the collective. Rather than betng centered on the
individual social actor. as is the case in the "block moded” analyses (Freeman, White, & Romaney,
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1989, White, Boarman. & Breiger. 1976) and the “system dvnamics” modeds of social svstems
(Forrester. 1968: Leyasto. Forrester. & Lyneis, 1981, the locus of communication in our concept
is the interaction amuong networks af social relanonships connecting all members.

Another difference concerns our use at formalisms in plice of the metaphorical anajogies
often used to pontray aspects of the social coffective that appear to endow 1 with the gualities
of a seatient entity.  Emile Durkheim used the avton of “colfective consciousness™ to poriray
what_he helieved 100 he the eollective’s psychic capabilities:

The collective consciousness is the highest form of the psyehie lite, since it is the conscious-
ness of the consciousnesses.  Being placed outside of and shove individual and foeal
contingencies, it sees things only in their permanent and essentid aspecis. which it erystallizes
into communicabie idens. Al the same moment of time that it sees from above, it sees farther;
at every moment of time @ embraces all known reality; that 15 why ot alone can furnish the
mind with the moids which sre applicable 1o the totslity of dungs and which make it possible
to think of them. (Durkheim. 19151965 p. 492)

More recemiy. largeiv in response o the emergence of so-called “cognitive science.” a
growing number of social sarientists have drawn parailels betweren the organization of intormation
processing in the hrain and communication and behavior in the social coflective (Bougon. 1983
Bradley. (987; El Sawy. 1985 Garud & Kotha, 1994: Glazer. 19862 Hutchins, 1991: MacKenzie,
1991: Morgan & Ramirez. 1984: Sundebands & Stablein. 1987 Weick & Robens. 1993). For
instance. Hutchins (1991) drew on the distributed properties ot neural processing to describe how
redundancy in “averlapping” cognitive knowledyge amony individuals within a collective forms
a system of mutual constramnts (o conrdinate actions at the coflective level.  Sandelands and
Stabiein (1987) extended the analoygy turther and argued that in the same way that connections
among neurons encode concepts and ideas’ in the brain, connections amony social activities
encode concepts and ideas in the collective.  And although Weick and Robents (1993)
acknowledyed that such metaphorical reasoning “shaky basis”™ for i theary of “organizational
mind.” they nonetheiess contended that connectionism's sociolagicnl utility lies in the “insight”
it offers. namely. that “relatively simple fsocial} actors may be abie (o apprehend complex inputs
if they are organized in wavs that resembic neural networks™ (Weick and Robents, 1993, p. 35%:
our addition). .

However, although these analogies may otter descriptive imagery with which o character-
ize these poorly understood teatures of collective organization, there is always the risk ot false
attribution, which can yield obtuseation instead of explanation. Thus. we use the mare neutral
term communication instead. Because the fonmalisms we empioy provide explicit principles that
appear to account for such properties of coliective organization, they utfer a rational basis — one
based on reason and logic — for building scientitic understanding.

Sowial science has long recognized the imponance of two hasic patterns of social
organization.  Although these have heen cxpressed in o varicty of terms —— formal versus
intormal organization (Roethlisberyer & Dickson. 1939), rational versus natural systems
(Selznick, 1948}, sociotechnical versus socivemotional systems (Trist & Bamtorth, 1951),
mechanistic versus organic organization (Burns & Stalker. 196 1), instrumental versus expressive

=
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leadership (Bales. 1958) among others — underiving these conceptualizations is a deeper (often
implicity dimensionality: a distinction between hierarchical and heterarchical forms of
organization. between a pattern of organization based primarily on expiicit relations of social rank
and sacial control and a pattern of social connection that is more fluid and transitory involving
an equivaience amony individuas. :

Previous analyses of the groups in this study (Bradley, 1987: Bradley & Robens, 1989a,
1989b), have shown that these two patterns of organization form the communicative structure of
the sacial collective — a heterarchical field of energy expenditure (that we refer to here as flux)
and a constraint system of hierarchical controls (see Fig. 21.1). The heterarchical field, a
distributed. massively parallel network of symmetrical relations in which members of the
collective are essentially interchangeable. activates and unifies the biosacial energy of individuals.
The hierarchical controls, a densely interconnected siratiticd arder of asymmetrical relations in
which the position of each individual is unique, operate on this tield to produce an information
processing network. By constraining the paths of cnergy expenditure, the controls render the
potential for an informed pattern af coflective action.

Following up on these enrlier findings. the question posed here is whether insights and
formalisms derived trom thermodvnamics can illuminate the biosocial interactions that compose
the heterarchical order, and whether insights and formalisms derived from control engineering
can illuminate the functions of the hierarchical order. Finally, our purpuse is 1o enquire whether
the interaction between heterarchy and hierarchy can be best understood as an instance of
information processing in which data about flux (unfoiding sequences of relations) and position
(spatiai-temporal location) are combined to create elementary units of information that provide
optimal. moment-by-moment descriptions of the collective’s endogenous organization,

3. THEORY
3.1. Assumptions

We begin our experiment in theory by limiting our task in tour ways. First, our interest is
restricted to collectives that have an explicit houndary distinguishing members from nonmembers:
our account does not include panially bounded structures such as cliques or open-ended entities
such as social networks.' Second, we leave aside any influence that normative elements, such
as cultural values. norms. and roles, may have on the organization and action of social
collectives. and on the hehavior of their members. Third. apan from their biosocial potential —
their capacity for physical and social activity — we ignore etfects that the characteristics of the

't is imporant to notc that alf lllt'.mhl".\ of the eollective are included: this follows {rom our concept of
communication, the intcraction amonyg networks of relations connecting all individuals in a collective. As mentioned,
it is the same notion that underlics connectionint modeds of “acural nesworks.” This is a ditferent approach 1han that
empioved by most social nerworks rescarchens and avstem dvaxaes modelen w which the critetion of “mutozl
relevance” (Lawmann, Marsden. & Prensky, 1982) & used o0 include onty those acton who are (contextuaily) retevani
10 cach other in the system.
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collective’s members, as individuals (e g.. gender, age. personality etc). may have on system
behavior. '

Our fourth restriction is to limit vur Ffocus to the endogenous operations that characterize
the collectives under study. Here we make the simplitying assumption that. to be exogenousiy
etfective, the collective must be stable.  Our interest lies in explonng the efficiency of the
endogenous processes by which stability is achieved. of developing an understanding of which
patterns of endogenous organization are optimal tor the collective's actions that result in stability
(Coleman, 1990, p. 42). We will leave tor a later discussion the guestion of the collective’s
effectiveness in its environment.

3.2. Energy and Least Action

The distinction between effectiveness and efficiency is derived from a rigorous detinition of
energy. Because energy is a rarely used term in social science — one that when it is used. is
used as a metaphor (e.g., Collins™, 1990, notion of “emotional encrey”) instead of as a scientific
concept, we turn to the natwral sciences for our use ot the concept.

In the physical and biological sciences. energy is a measure of an amount of (physical)
wark that can be accomplished (McFartand. 1971). Two types of energy can be distinguished,
kinetic and potential. When work is actuaily being done in producing change, it is defined as
kinctic energy:. the measure is directly proportional to the amoumt ot kinesis. that is. to the
amount of physical activity required to produce change.  Prrendial energy is inferred trom an
estimate of the amount of possible work that a situation provides. It is an inference based on
similarity to conditions that have been previously ohserved 1o transform potential into work.

In most physical and biological systems, there is 3 tendency to minimize work in order
to conserve energy. This is known as the feast action principle or the system’s Hamiltonian
function. In its general formuiation, the principle holds that a system is maximally stabie (i.e..
at equilibrium) under conditions that maintin potential energy at a minimum (Considine, 1976,
p. 1454). This means that any depinure from equilibrium — any disequilibrating change in the
system’s structure — creates potential energy. For example, a pendulum at rest is at equilibrium:
any change in conditions that disequilibrates the pendulum pushes or pulls it into positions in
which the potential energy for returning to eyuilibrium becomes greater than that at equilibrium.
In order to return to equilibrium, the system must expend the potential energy by performing
work to use it up.

The initial measure of efficiency came from building sieam engines. The aim was to
convert the action of steam into usetul work by minimizing its dissipation into friction and other
useless generators of heat. Much experimentation with ditterent eagines was reguired to achieve
this ohjective: it touk effort to develop an etticient steam engine. Effort, in this sense, is directly
related to imternally attaining efficiency: wherens ¢ffectiveness deals with the total amount of
work necessary to accomplish an cxrernal goal, irrespective of how much effort is expended
(Pribram & McGuinness, 1975; Pribram. 1991, Chapter 9).
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To apply these concepts of energy, we assume that the members of the social collective
are hiologically capable of work — of engaging in physical hehavior and activity, and that this
capability is measurable as potential energy. When activated by the collective. the members’
potential energy is convenied into hiosacial potential, the capability for engaging in social
behavior or interaction.  Actualizing this biosocial potennal entails work: work is measured as
kinetic energy. Because the dvnamic operation of a collective requires an almost constant
transformation of energy back and forth between potential and kinesis, as the collective
continuously adjusts to internal and external changes. we use the term flux to characterize the
medium of this continuous transter of encryy.

In its stnving towards an efticient use of energy. the collective transforms potential to
kinetic energy. The tendency to energy conservation requires ettort on the pan of the collective
to explore and identify aiternative paths of action to devise those that allow work to proceed
efficientty, that is. with the least amount of dissipation.

How is a course of least acnon implemented? In the physical sciences a least action path
(one that is optimal for the system) is determined by precewise subtraction ot potential by kinetic
energy.  Potential energy is reduced — through a series of successive tluctuations between
potential and work — until its minimum level is reached.

One may conceive the path in this pracess as being determined by a landscape of
constraints that channe! the pattern of the actualization of potential into work.  An example is
when a river emerges from a mountain iake to course its way, by virtue of gravity, down the
hillsides to the sea. Although at each point ot the tlow the river’s potential energy is determined
by the point’s elevalion above sea level. the tlow path of the river — the patemn of its
actuaiization of potential into work — is intfluenced by constraints obtaining to the terrain such
as climate, vegetation, topography, geofoyy, and so tforth. A region of hard rock will interpose
turbulence and require more effor than that of soft rock for the river to carve a direct, and thus
an encrgy—fficient, path to the sei

In an analogous fashion, a social colicctive constructs a Inndsi::\pe of social constraints
to channel the actualization of the potential energy of its members into useful collective work.
To the extent that least action holds, the effort demanded is that of secking and then imple-
menting an optimal landscape of endogenous reiations that promote efficient group action. For
instance, Henry Ford experimented with different wavs of joining together the energy of his
factory workers to find the maximally etticient organization for manufacturing cars (Lacey,
1986). To do this. he impiemented a set of constraints, based on his invention of the production
line and its associated techniques of mass production, that directed and thus optimized the action
paths among the collective of workers; he produced automobiies at minimum cost, which, inwm,
proved effective in the market place.

33. Conjunction and Control

Within this theoretical framework. two processes can be identified that act 10 generate
descriptions of the collective’s internal organization.  The first is conjunction, which joins the
biosocial potentials of the individuals composing the collective.  The second is control, the
construction of a landscape of sociai constraints that etficiently directs the transformation of
potential into action.  As detailed shortly, the fandscape determines a communication processing
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network that generates patterns ot actualization of the potential of the collective. The intricacy
(compiexity) of each successive contiguration of these pitterns is processed by the collective as
a measure of information — as the means for describing its endogenous organization. Thus. the
measure of information f:mvidcs momeni-hy-moment Jescriptions of the endogenous order that
are communicated- by a holographic-like process throughout the collective (Bradley, 1987,
Chapter 9).

Conjunction is achieved within a tield of reciprocally eyuivalemt (equi-valens, of equal
value) refations among individuals. Within such a ield a heterarchical order operates in which
there is an absence of differentiation in terms of sociad status or rank. so that all individuals share
in common a connection of social equatity. As a result, the individuals are mutually open to
each other and, by extension. vpen 1o the collective as a whole. Thus. the field of heterarchical
relations describes the potential biosocial energy ~— the potential tor work — of the collectve.

In the absence of other factors. initial conditions (such as negative feelings like fear.
hatred. or jealousy) will biock the efficient conversion of potential to kinetic energy; in non-iinear
dynamics such systems are characterized by negative Lyapunov exponents leading to stasis.
ossification (complete fphysical] eyuilibrium), or 1o Huctuanens Jescribed by relaxation
osciltators (Abraham. 1991). On the other hand. as elaborated helow, initial conditions such as
admiration, awe, or love create a kind of harmonic resanance in the relations amony members
that will enhance the conversion of potential to Kinetic energy. The danger here, if this enhanced
kinetic energy is unconstrained. is that undue dissipation of eneryy will ensue: in the language
of nonlinear dynamics. chaos will result.

The second process is control, a landscape of social constrainis that influences the
conversion of potential energy to kinetic energy. that is. the patterning of tiux. Control is
achieved by a transitively ordered structure of sacial relations among members that prevents the
dissipation of kinctic energy. By precluding undue dissipation, the controls shape the paths of
flux, thereby in-forming — giving shape to — the relations among individuals.'

3.4. Information and Efliciency of Comniunication

Surprisingly, given the rich, dense flow ot verhal and nonverbal signals that comprise
human interaction, information is rarely used as a rigorous concept in social research: in three
recent influential works (Coleman. 1990; Bun, 1992: White, 1992) it is employed as an undefined
term. Irrespective of whether the term is explicitly defined (e.g.. Rogers & Kincaid, 1981, pp.
48-51) or not, its use in sociat science cormesponds 1o Shannon’s (1949) concept of information,
that is as @ reduction of uncersginty through choice among alicrnatives. In this conception the
smailest unit of information is the hit, the binary digit — nowadays corresponding to the smallest
standard wnit of information in computational information svstems.  Shannon’s concept of
information applies to symbol-hased communication systems, like human language. In such
systems each unit of information in a seyueace contributes t resolution of the signal’s message
by reducing the prohahility of alternative meanings.

! This conception is sinnlae 1 Bohin and Hiley's notion ol “active intoemanon” (see Bohm & Hiley, 1993,
pp. 35-42, 59-71).
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There is. however, a second concept of information used in the physical and biological
sciences, vintually unknown in the social sciences. Because we empioy this second concept to
show how the interaction between heterarchy and hierarchy operates as a communication svstem
to construct and distribute information, we turn 1o the natural sciences for our use of this concept.

Our discussion is informed by work an signal processing in telecommunications (see
Cherry, 1966, for an excellent review). Two distinet properties of the signal have been utilized
for transmission in telecommunication.  One is the signal as a sequence of discrete pulses
encoded in time, as in the use of Morse {or similar) code for telegraphic communication. The
other encodes the signal as a panern of energy oscillations across a wavehand of frequencies. as
in the encoding and transmission of vocal utterances for wefephonic communication.  Although
‘the frequency aspects of a signal’s oscillation are irrelevant for 1elegraphy, for telephone
communicmion they are critical as fidelity is dependent on the spectral components of the signal
(frequency, ampiitude. and phase). It tonk some time. though, in the carty pan of this century,
to realize that there was a relation between the rae of transmission of a given guantity of
information and frequency bandwidth (Nvquist. 1924: Kupfmueller, 1924). This reiation was
generalized by Hanley (1928, p. 525): “the total amount of information which may be transmitted
... Is proponional to the product of frequency range which is transmitied and the time which is
available for the transmission.”

Gabor (1936) tormatized this relanionship in his “Theory of Communication.” He noted
that there is a reswriction 1o the ctticiency with which a set of tefephone signals can be processed
and communicated. The sestriction is due w the limit on the precision 10 which concurrent
measurements of spectral components and the (spaceitime epoch of the signal can be made. This
restriction is illustrated in the top of Fig. 21.2. in which time and trequency are treated as
orthogonal coordinates.  Although the frequency of a hamonic oscillation, represented by a
ventical line, is exactly defined. its duration in time is totallv undefined. Conversely, a sudden
surge (a "unit impulse function”) or change in the signal. the horizontal tine, is sharply defined
in time, hut its energy is distributed evenly throughout the whole frequency spectrum.  Thus,
although accurate measurement can he made in time or in frequency. it cannot be simultancously
made tn both bevond u certgin limit (Gabor, 1946, pp. 431-432).

Gabor was able to show. mathematically, that this limit could be given formal expression
by Heisenberg's uncenainty principle (Heisenberg had developed his mathemaucal formulation
of uncertainty to define the discrete units of energy. guame. emitted by subatomic radiation).
In its rigorous form the uncenainty relation is given as Ar Af = % which states that ¢ (time) and
J(frequency) cannot be simultaneously defined in exact terms. hut only with a latitude of greater
than or equal 10 one-half in the product of their uncentainties. Since cenainty can be ohtained
only by minimizing uncentainty on bath coordinates. the minimum measurement of the signal in
time and frequency is At Af = k. which detines an elementary unit of information (Gabor, 1946,
pp. 431-437).

This unit of information hath minimizes uncertmy and provides the maximally efficient
description of communication (the minimum space or time of transmission occupied by the signal
that still maintained the fidelity of telephonic communication). Gabor eatled his unit of optimal
efficiency a logon. or a quanwm of information (illustrated in the middie of Fig. 21.2), and
showed that the signal that accupies this minimum area “is the modulation product of a hacmonic
oscillation of any frequency with a pulse in the form of a probahility function” (Gabor, 1946, p.
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435). This fundamental unit of information is a sinusoid variably consirained by space-ume
coordinates: it differs from Shaanon’s unit of informanon, the binary digit (BIT), which is a
Boolean choice between aliernatives (Pribram, 1991, p. 28).
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Fig. 21.2. (Top) Limus of concament swasarement o time (1) and Irequeney () of a signal.  (Middle)
Representation of a signal by logons, (Bottom) Represwstation of the overlap of logons, (From Gabar, 1946,
Figs. 1.3 and 1.7, Adapied with pernision.)
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A final point concerns an imponant implication of the use of these mathematics for the
role of causality in communicaton involving these elementary units of information. Because
logons are not discrete units but accur as overlapping sinusoids, each wrapped in a Gaussian
probahility envelope (illustrated in the botom of Fig. 21.2), each logon contains, in Gabor's
words. an “overlap (with) the tuture.” This is a result of using time as one of the (measurement)
dimensions because "the principle ot causality requires that any guantity atan epoch ¢ can depend
oniy on data betonging to epochs earlier than 1. ... In fact, strict causality exists only in the 'time
language™ {Gabor, 1946, p. 437: our emphasis). What is of special interest here is the extent
to which this overlap (interference) among logons vields 2 commumcatve system in which the
data in succeeding logons is contained. in a nontrivial way. in the Jogons that preceded them: in
other words. that information about the "future” order is entolded into the elementary units of
information being prncessed in the "present” (see Bradley, 1996, for more on this).

The Gabor elementary function, as it is often referred to, has heen found to characterize
perceptual processing in the cerebral conex (see Pribram. 1991 tor a review). |t is, therefore,
an aiternative unit for bivlogical information processing 10 Shannon’s (1949) unit of information,
the BIT. Moreover, two previous findings from the social collectives examined in this study
document an order of communication that does not seem describable within the terms of
Shannon's concept but appears more readily understood within Gabor's terms. One is 3
holographic-like order in which information about the organization of the collective as a whole
was found to be distributed as 2 aonfocalized order to alf individuais. and the second is that this
order was found (o he constraned by a system of hierarchical refations (see Bradiey, 1987, Chs.
8 and 9, respectively).

To summarize (Fig. 21.3). 1two very different modes of vrganization characierize the
hierarchical and heterarchical operations of relations within the collective.  Because individuals
are asymmetrically connected in the hierarchical order. the system of contrals operates
differentially on the collective’s members. both with respect o their particuiar socio-spatial
focation as well as with respect 1o actualization during panicular frames of time. By contrast.
the symmetric bonds of the heterarchical order indicate that individuals are essentially equivaient
in terms of the pattern of distribution of flux within this endogenous field. As this ficld is an
energy field, it fies within the spectral domain (eaergy is measured in terms of frequency times
Planck’s constant) and is related to space and time hy way of a transtormation (the Fourier
transtorm).

The operation of hicrarchical controls an the heterarchical distribution of flux generates
2 moment-by-moment — quantized — description of the collective in terms of both structure
{spatial-temporal pusition) and flux (frequencies of oscillation of unfolding relations). By
providing, thus, a succession of descriptioas within space-time and spectral coordinates, quantum-
Jike Gahor units of information age constructed and communicated, via a holographic-like
process. throughout the collective. These units of information characierize the endogenous order
as it evolves in a continuing series of imeractions.  Because each unit of information overlaps
with the unit that succeeds it. each unit contains information about the future (potential) order
of the collective. However, whenever there is an imbatance between the amount of distribution
of Alux and the amount of control, the ctficient operation of the collective becomes impaired and
the probability of instability 15 increased.  This” impairment is due 0 what Ashby (1956)
characterizes as the necessity for “requisite variety.”
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f~—=—— Conjunction
Collective:
Potendal » Flux blnf 3 pActon
Energy
>Control

Fig. 21.3. Logic of theoretical modcel.

4. METHOD AND DATA

The data were gathered over a decade ago as part ot a nationwide tongitudinal field siudy
of 60 urban communes (Zablocki, 1980); 2 commune was operationally detined as a minimum
of three families. or five non-blood-refated adults (persons aged 13 years or older), who shared.
o some degree, common geographical ‘location. voluntary membership. economic interdepen-
dence. and some pragram of common enterprise. usuaily 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 numbers from six Standard Metropolitan Statistical
Areas (Atlanta, Boston, Houston, Los Angeles. Minneapolis-Saint Paul. and New York), various
formal and informal methods were used to swdy the communes. Data from 57 communes are
used in this repon: three communes trom the original sample were not included as membership
in these groups was not completely voluntary (for more detail on the methods and sample of the
original study, see Zablocki. 1980, & Bradley. 1987).

In terms of the sample s sacial characteristics (Table 21.1) at the time of the first wave
of data collection (the summer af 1974), the communes ranged in size from 5 to 35 permanent
adult members (mean size = 10 members) and had been in existence from 3 months 1o 9 years
(mean commune age = 3 years). A total of 566 aduits (15 years and older; mean age = 25
years), with slightly more men than women, were residing in the communes: most had never
been mamied. Being a generally wellseducated population, must reponted warking at a full-time
white callar or professional job. in terms of social organization, the communes covered a wide
spectrum of cultwral values and included Christian retigious, Eastern religious, personal growth,
famiily, countercultural, and political idenlogies. Most communes had special requirements for
membership, and mast also had incorpurated elements of formal organization into their social
structure (e.g.. chore rotation, mandatory rules. positions of feadership and office, decision-
making procedures, group rituals etc.).
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The foilowsng set of items s from “page three o the “Refaonship Quesionniee * (see Bradley, 1980, far the complete
\nstrument) and 1S the source of most al e relatioenid Jatit Bradlcy emploved in his siudy. Each respondent received
quesiionninre with muitiple copies ot “rege Ihtee | insncd IRt —— une page tof each oiher adull rexdent. A respondent
@ 2 commune with a fopulation of mee, for cxample, would fec guestionminre with aight page threes. Eacn of these
page threes had one of the commune memiben” aames yped i o the fap (e.g.. TThis sheet s about ")
By compieting this quesinaAnaire. cach respendent suppicyd imtormaton <ysicmaneally desenbing ssher reaitionship wh
each of the other members of their communc.

§. This sheetssabaoe _
2. How long have you kaown tne anave namey person !
Years Monihs
b. In your own words bricily ¢ torrze the changes Which Bive vecarred in your unique rclstionshin with this persan
28 a2 fellow commune member aver (he last weive moaths oe, i less. for the nme you have known ¢ach other.

¢. How many hours 1n o typrad week do vau spead st by yourscives !

d. 1F vou happen 10 know i1 ~ale wiit Kind oF wisk (hiher) tather did while the penan pamed shove was growing
up. .

¢. Even the mnet cquat of relanenships wumetimies his o powet clement nvalved.  However insignificant it may be in
your felanonship with 1his person. whivh of vou do you think hofds the gremer amouat af power in your
relanonship!

{.If thrs commune Uid Not exast, wouid vou want 1o Rave s clese relanonsiip with ihss penan!

g. For the list ol descapnns befow. mudwaicaf the tollowing e inveived @ vour relitsship with the person named
abave by checking the appraphisie amswer. Plonse answer cach of the follimany:

Waork toegether Yes _ No ___ Somcimes ___
Spend free time together Yen ____Na __ Someumes
Mind children together Yes ___No ____ Somcumes __
Sleep togriher Yes . No ___ Somctimes ___
Confide tn cach other Yos ___Ne ___ Somecumes __
Loving Yes ___ No ___Someumes ___
Exomnng Yon __ No __ Sometimes ___
Awkward Yes __ No ___ Sometimes ___
Feel close to each wiher Yes No ___ Somectimes __
Tense Yes __ No ___ Sometimes _
Jealous Yon __ No ___ Somcumes
Agree on communal policy Yes ___Na ___ Sometimes ___
Feel exirunged trom cach viher Yes ____No___ Somecumes
Explutive Yes __ No ___ Somenmes
Hateful Yes ___No ____ Semecumes
improving Yes ___No __ Somcumes ___
Sexval Yes ___No __ Somenmes ___
h. Do you feei that the overall relminnship botween the two al you is mure immwEnt 10 you, of g you tecd it s more

imponant 1o the abuve Ramed persn?
__ More amportant 10 you o Mue imperant o him/her

i, In your relationship with this person, Jues heshe cver il o you s 3 tather o muther, sistee ar brother, son or
daughter, ur nanc of these!

Tahle 21.2. Sociometne lnstrument.
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Fig, 21.4, Hobland and Leinhardt's 16 isomorphic tnad types: the 16 isomorphism classes {or digraphs with
£ = 3 (that is, the triad types). Triad labelimg convention: the tinst digit o the number of mutual dvads: the
sceond digit is the aumber of asvinmctric dvads: the third digat is the number of nell dvads: trailing leners
further diftercntiate amony the triad types. Four symmeine tiad tvpes (unhroken vireic) were used in the
structural anafysis of (lux refatons and seven asyammetne 1riad 1ypes (broken cisele) were used in the analysis
of controd refattons; the “vacuous™ 3 1riad was uscd in ixuh analyses. From Holland and Leinhardt (1976,
p. 6, Fig. 2. Adapied with pennission.)

The triad types are distinguished from one another structurally by their composition in
terms of three kinds of dyads: muwal dyads (M), in which a symmetric refation connects the two
individuals: asymmetric dyads (A), invalving an ordered or directed refation berween the two;
and null dyads (N), 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 Fig. 21.4) has no mutual relations. one usymmetric relation, and two aull relations.

OF the 16 triad types, 3 are symmetric in form in that they are composed exclusively of
positively reciprocated dyads (see Fig. 21.4: the 102, 201, and 300 triad types, enclosed by a
solid circle). Aggregated across the "foving,” ~ improving,” and “exciting™ relations, the mean
sum of these three triads as a propontion of ail possible triads in a commune was used 10 measure
the amount of flux. A bar graph in Fig. 21.5 piots the resulis of this procedure and shows a
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positivelv skewed distribution for the measure of lux (mean sum = 629, standard deviation [SD]
= .196).

Seven other tnad types (eaclosed by a broken circle in Fig. 21.4) are composed
exclusively of asvmmetric dvads. Based on their successtul use 1n previous analvses (Bradley,
1987; Bradiey & Robens. 1989a). three of these triad tvpes (the 021C, the 021D, and the 030T,
summed and expressed as the propontion of all possible triads) were used to measure the amount
of control.  Aggregated for “power” relations. the three tnad types constituted just over half
(.509), on average. ot all possible triads of control in the communes. A bar graph of the result
for all communes is shown in Fig. 21.5 in which a ttatter distribution is cvident (mean sum =
510, SD = .218). The mean results of the trnadic census for ail communes for symmetric
refations of flux and the asymmetric relations of control are provided in the Appendix.

Stability, the degree to which the collective is able to maintain itself as an enduring, self-
sustaining entity, was measured by a commune’s survival status at a specitic moment in time.
Classitied into one of two Cltegones. survivor or ponsurvivor, cach commune’s stability was
determined at each of the four successive 12 month intervals that observations were collected;
Time () is the point in time when a commune was founded and Time 1 is moment of the first
‘wave of data collection {August 1973). Swrting with Time 1. measurement of each commune’s
stability (survival status) was made at 12-month intervals for the succeeding 4 years, that is,
through Time 5. Twenty-two (48%) of the 46 communes survived the d8-maonth observation
period. A pauern of declining instability over time wis observed, trom 23% by the end of the
first 12 months. at Time 2, o0 8% atter 60 months, at Time § (see Appendix).'

5. EMPIRICAL ANALYSES

3.1. Verification of the Theory

Testing the theory entailed an analysis to determine the degree to which the observed
- pauterns of commune hehavior with respect to our measures of tlux, control. and stability were
consistent with the expected patterns.  Among other techniques. a spatial representation of the
data was derived as the theory rests on a tield-theoretic concept of energy — a conceptualization
of the collective’s potential for iction as an endogenous field of biosocial energy that operates
along two dimensions: an unordered dimension ot equi-vatent, symmetrical relations (flux); and
an ordered dimension of (transitive) asymmetric relations differentiated by spatiotemporal position
{control).

'Although the communes @nged in group age teom 3 months 0 Y veans at Time |, there is litde evidence
that “perind cflects™ (dillerences in group age at the time data colfection commenced) explain the variability in
survival status. Dividing the samipie into “voung™ (2 of less yeans: ¥ = 23) and “old” (more than 2 years; V = 23)
catcgorics of group age at Time 1, and vr setabulating these classilicanons by survival status grouped in three
categories (dissnlved by Time 2 or Time 2.V 2 17 disaolved in Tone 4 ar Tine 52 ¥ = 7; survived beyond Time
51N = 22) shows nonexistent (09 ) 10 modest (124 ) nonstatistically signdicam differences between the “young™ and
“old” carcgarics of communcs (crespuare coctivient with two degrees of treedom = 5,260, pr. = .533).

|
:



OPTIMALITY IN BIOSOCIAL COLLECTIVES 44t

Distribation of Flux at Time |
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Fig. 215, Bar chans showing conmune disiribution tor ux and control at Time 1.
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Fig. 21.6. Scancrphn of all communes (¥ = <0) by lux and coneol a1 Time | (outlying cases are hollow
dots).

Thearetically, it was expected that an cfticient communication processing network
required 1 certain amount of flux in interaction with a certain amount of controf, and that the
tendency toward feast action would result in an increasingly closer correspondence in their
tespective values at higher magnitudes of flux. This is hecause there would be an increased risk
of turbulence, resulting from undue dissipation of kinetic energy. when the conversion of
potential to kinetic energy is enhanced at higher levels of flux.  Data bearing on the relationship
hetween flux and control are shown in the scatterplat in Fig. 21.6. In accordance with the
dimensionality of our concepts of fux and control, the measure of control is the vertical ordinate
and tha for flux is the harizontal ordinate. [t can be seen that the null hypothesis — an equal
«r tandom distribution of groups over all locations in the endogenous field —— does pot hold, and
that the low noensignificant correlation (Pearson’s r = .12; pr. > r. .43) actally masks a nonlinear
association.  Morenver, with the exception of five vutlying cases (hollow dots in Fig. 21.6), the
observed pattern — a triangular distribution with a wide base and Its apex in the high-Aux/high-
control region (upper fight guadrant) — is consistent with the theory. Thus, there is an absence
(with one exception) of communes in the high-fAuxAow-control regiun (lower right quadrant), an
absence in the low-tlux/high-control region (upper left yuadrant), and (with two exceptions) an
absence of communes in the low- tlux/dow-control region (lower left quadrant).

In addition to the relative amounts of Hux and conrol involved, theoretically it was
expected that there also was a limit on the wal amount of information processed by a collective
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in a given unit of space or time. Thus, when the total amount of information exceeds the
processing capacity of the communication system, it is processed as “noise” and results in
unsynchronized action with a high likelibood of wrbulence and instability; on the other hand.
when the total amount of information is insutticient to convey, current descriptions of the ever-
evolving endogenous order, collective action will be fargely uninformed and inetfective. with
dissolution a likely resuit.

A measure of the total amount of intormation processed by a coflective at a given moment
in time was computed by summiny and averaging, tor each commune, the toal for flux and
controt at Time 1 (mean for all communes = 369, median = 532, and SD = .15351. The values
for all communes were grouped into 10 intervals and. holding these values on this measure
constant at Time 1. the sample was partitinned by survival status and the distribution of survivors
and nonsurvivors was platted on a time series of bar chants at 12-month intervais, that is, from
Time 2 through Time 5 (see Fig. 21.7).

Examining the pattern of results in Fig. 21.7. two things stand out. First. the distribution
for the total amount of intormation for all communes at Time 1 is beti-shaped with 67% falling
within one standard deviation of cither side of the mean. Second. this bell-shaped distribution
gradually devolves over time into tvo contrasiing puucrm‘ that are vintually the inverse of each
other by Time 35: a single-peaked distribution tor the 22 survivors with its mode {9 cases, $1%)
in the .S00— 399 interval: a hi-modal distribution tor the twenty-tour noasurvivors with its
trough (2 cases, 8%) in the SO0—399 interval and its twin peaks (6 cases (23%) each) in the
two adjacent intervais of . 400-—3949 and .600—.699. This ditterence in survival rates between
the groups in .500-.599 interval and the other groups outside this range is statsncally significan
(chi~square = 6.695. pr. = .010).

Taken together. these two patterns appear o mark the hounads of a region where the
probability of stability is maximized. that is in the . 560— 399 interval. So that although, in this
interval, the rate of instability for all communes is lowest (INS2. 2 of 11 groups), it rises sharpiy
in the adjoining intervals: 60%, 6 of 10 groups in the each of the 400—499 and .600—.699
intervals; 75%. three of four groups in each of the 306—.399. .700—799, and 800~ 899
intervals. When computed for the communes in these adjoiniag intervals at Time ). the rate of
instability by Time § tor these two sets of intervals is 63% (twelve of pineteen groups at 600
and above, and ten of sixteen groups it .99 and below), which is significantly different than the
18% for the eleven groups in the .S00-.599 interval (chi-syuare = 6.966, pr. = .035). Thus it
would appear that the total amount of information in the intervals above 599 was excessive in
terms of information processing capicity. whereas the amoune of infurmation in the intervais
helow 500 was insufficient 1o sustain a viable collective.

Twao further interrelated theoretical expectations were investigated. The first of these was
that there would he festrictions vn the refurive amounts of tlux and control involved in
communication — that there would be both a fower and an apper limit on the amounts of each
of these processed by an cffective collective. Combinations of flux and control that fall cutside
the limits were expected to result in collective dystunction.  The second expectation, for
coliectives operating within these limits, was that the disposition of the collective at a future
moment would be eafolded in the intormatinn processed by the communicative sirscture in the
present. This follows from the overlap amony these logon-like clementary units of information
by means uf which the present urder is in-formed (given shape to) by the order implicit in the
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Fig. 2.7, Bar chans showing disiobution o communcs o wtal amount of intormation a1 Time 1 by
sorvival status at Time 2 through Time 3.
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senies of succeeding moments {sce Bradey, 1996). Thus. combinations of flux and contrel within
the limits at a given moment were expected to vield an increased potemial for effective action
in succeeding moments.

Figure 21.8 presents a time-series of scatterplots showing the relationship between flux
and contral at Time 1 to swahility at Time 2 and &t Time 3-in other words, the relauonship
between the composition (in terms of tlux and control) of the information provided by a
collective’s communication svstem at a given point in time. and the stability of the collective at
two successive moments in the future. The scatterplot on the far lefi-hand side is for all
communes plotted by their values tor tlux (honizontal ordinate) and control (venical ordinate) at
Time 1, the first point of measurement. Holding the values for each commune on flux and
control constant at Time 1, the scanerplots for Time 2 and Time 3 are divided into a plot for
survivors (1op row of scauerpiats in Fig. 21.8) and a plot for nonsurvivors (hottom row). This
provides a view of the relatianship between information on the endogenous order at a given
moment in time and collective stahility at twelve and ot twenty-tour months later!

Stanung with the bascline patiern a Time 1 for all communes. three related patterns
become increasingly evident as survival status is plotted a Time 2 and Time 3. First. instabifity
tends to be highest for groups in the peripheral regions of the field — that is. for groups with
the greatest imbalance between tlux and control. Second, with the exception of three stable
groups in the high-tlux/igh-control segion, survivars tend o turm a1 trianguiar pattem with most
groups clustered together in the mid-region. And third. that Jocation in this mid-region at Time
1is strongly refated to survival at Time 3. 24 months into the fulure.  What is most striking
abaut the results is that the pattern for sunivors s vinually the complement of thar for
nonsurvivors: there is @ compleie ahsence of nonsurvivors in ihe mid-region where the greatest
concentration of survivors is opxerved.

Loaking more closely ar the pattern tor the 17 nonsurvivors, two bands of instability
become clearly apparent by Time 3: the upper band of 12 (715) nonsurvivors. marks a region

_of high instahility; the Jower hand formed by the other § nonsurvivors, appeans 10 define a lower

bound ta the region of stahility. In short. the two bands of instability seem to distinguish
functional from dysfunctional combinations of flux and control.

To test the veracity of this interpretation. we divided the tull sample of communes into
stable and unstabie sets such that the probability of survival was maximized tor the former while
being minimized for the tattes. Operativnaliy. this entailed establishing partitions that would
mark the upper and lower bounds 1o the region where stability is optimized.

The boundary of the jower bound was established by the four communes (see the
scatterplot for nonsurvivors, Time 3. Fig. 21X} on a line in the fower band of instability
orthogonal to the low-flux-low control/high-tlux-high control axis. A total of six communes was
observed in this region. of which five (83%) had become nonsurvivors by Time 3. For

This tine senes of sanemplols on stability was rus outacenss e tull 38 manths i.c.. Tioe 1 through Time
5) lor which ohservauons were cotlecied on e conmunes. The results tor the first 24 months Gic.. through Tine
3 as shown in Fig. 21.8) sugzeat this s # reasonahle period aver which 1o ageregale survaval siatus 10 accumuiate
cnough rousurviving cases (uomsurvivors at Time 3 = 17 casea ) Jor the asalysis: the scatteeqlats for Tise 4 aud Time
5 (not displayedt show cvidence o a deterorapon i the “predictve power” ol the miormation provaded by flux and
control at Time 1 for stability beyond 24 months.
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companson. the baseline rate of instability over all communes was 37%. 17 nonsurvivors out of
46 groups.
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Fig. 21X Scatierplois of communes o (lux aud vomimol a1 Time | by stabidity (survival status) at Times 2
and 3.

For a boundary marking the upper bound 10 the region of maximal siability, there were
two possibilities. The fimstis the line {orthogonai 1o the axis just mentioned) established by the
three communes at the bottom of the upper hand of instability: this is not an optimal partition
because although the probability of survival is maximized (1009%: there are no nonsurvivors) for
the 15 groups in the area detined by this line and the lower hound. the probability of instabitity
is not maximized for the 25 groups classiticd by this line as betonging to the upper band region
of instability {nonsurvivors = [2 communes. 48%). The second possibility is the line (orthogonal
to the same axis) established by the four nonsurvivars immediately above the three communes.
This second line meets our twa riteria for an optinal partition. First, between the lower bound
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and this line marking the upper hound. 28 communes were observed. 22 (88%%) of which survived
through Time 3 — some 24 months bevond the initial measures of Alux and control at Time 1.
And second, on this line and above, 15 communes were observed. Y (60%) of which had become
nonsurvivors by Time 3.

The results of this procedure are shown in the scauerplot tor all communes in Fig. 21.9.
This scatterplot is identical to the scauerplot at Time | in Fig. 21.% with the following additions:
first. the two lines marking the thresholds of lower and upper regions ot instability, as just
established. are indicated: and second. the survival staws for each commune is shown .at Time
3 (nonsurvivors are shown as hollow dots in Fig. 219). 1t is clearly evident that the two
parutions separate an area of stability in the mid-region trom two adjoining regions characterized
by a high probability of coliective instability: the differences in the rates of instability, by Time
3. between the groups in the three regions are statistically significant (chi-square = 15.641, pr.
=.0004). In addition w its extraordinarily high stahility over the twenty-four month periad from
the point of initial measurement. the mid-region also is distinguished by the tack of dispersion
of communes alang the low control-high ttux/high control-low flux axis. Instead. there is a
strong tendency to lacate hetween these extremes of rapid (highy flux and
the area expected ta define efficient information processing.

Finally, also shown in Fig. 21.9 are tfour communes thit had 2 charismatic leader tiving
in residence with the group (circled in Fig. 21.9). Of all communes in the sample. these were
the collectives most intent on achieving a radical festructuring of social order.  Although there
are wo few cases for a (statistically) refinble resalt. all four of these transtormation-oriented
(chansmatic) communes — three of which were still in cxistence by Time 3 — are concentrated
exclusively in the apex of the high flux:high control region: the fifth group (A nonsurvivor) is a
noncharismatic commune whose members expressed a strong desire for charismatic teadership
as the means 1o facilitate their effons at social change. As established elsewhere (Bradley, 1987,
pp. 167-193; 264-268), charismatic leadership is not only correlated with enormous increases in
flux and control, but when these two are linked in a balanced cowupling, charismatic leadership
also is associated with an increase in the probabitity of group survival. However, for other
(noncharismatic) collectives. not only were such high levels of flux and control rare, but when
these conditions were ohserved they were tound 1o he highly associated with instability.

id (high) control in

5.2. A Multivariate Maodel of Optimality

To this point, our analysis has emploved simple largeiv hivariate statistical techniques,
which, given the small number of cases available, has been hoth Recessary and appropriate. But
because it was possible that the optimality we identified was the result of 2 more compiex
relationship between flux and control and 4 number of other sociological factors measured in the
original study, a discriminant function analysis was conducted to ensure that this was not the case
and. therefore, to contiem the veracity of our results.

Twao featres of discriminant analysis made it especis ly appropriate: first. the pracedure
aims to construct a multivariate linear (discriminant) function that maximizes the separation
hetween two or more mutually exclusive categorical groupings of data; second, it offers a test
of predictive power by comparing the a priori group classifications against those made by the
discriminant functionss.  As a measure. thus, of statistical optimality, discriminant analvsis
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provides a rigorous means of ventying the rinding that. 1n reinvon to the other factors examined
here. our measures of flux and control provide the best means of predicting optimal collectve
action,

eJ—- rom+4zaoo

-

4 2 4 L] 8 0

FLUX, Time 1

KEY,
@ Survivad through Time 3 (Na23)
© Disscived by Time 3 (N=1T)

@ Chart ic leader in ¢ IN=4)

Fig. 21.9. Scattemint of conmuncs o Hux and comrl a1 Time | by stabifity (survival status) at Time 3.
and showing transiomuanonal communes (charismatic leader in eesidenee).

To perform the discriminant analysis. the communes were classified into one of the three
categories of stability at Time 3 established above, as shown in Fig. 21.9: namely, location in the
upper region of instahility (N = 15: survivors = 6 [409%] communes); location in the stable (mid)
region (N = 25; survivors = 22 [KR%] communes); or location in the lower region of instability
(N = 6: survivors = 1 (17%] commune). For the purposes of this analysis. we will refer to these
three groupings of the communes as nonoptimal — upper region. opumal — mid region, and
nonaptimal ~— lower regwon. respectively. Along with our measures of flux and contral, eight
sociological varinbles with limited missing diata were used as independent variabies for the
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stepwise multivariate analvsis.  The umivanate staustics (means. SDs, Wilks' lambda. and
univariate F rano) are given in Table 21

Table 21.3a
Discriminant Function: Univariate Ntatistios

Optimulity Groupines
Optmid — Nanoptiond Nanaptimal
AMid Region — lpper — lower Towl
Regnn Reuinn
Vieinhte | Meao | SD | Mean | SH | Mew | SD L Mesn ) 5D Unwar. | Pe
iae b
NV (25} 13y it 136y
Admisaon 1.9 v3 187 ue o e 1.3 u3 w7 062 W
reowremeniy’
Fxient of 1.52 31 BN 32 EN bas 31 LLH 326 T3
authoruy”™
Alliiiaed 0
A targer 18 31 33 R 33 32 4 30 Q78 4R 620
orcanizaunn’
Control 437 17R nAS 136 86 23t 510 N aii3 14,156 [ty
Tlux 581 149 Xa2 396 174 6y 198 317 20053 o
Mean group 3.36 1.91 ¢} (KDY 267 151 pa L) t o9 Ne9 413 102
apc. veans
Degree of
ideologpial i.an 50 1.47 32 1o o 1.37 Rl e bR P L) 126
oonscnsus
Mean propn.
old 46 29 48 M 41 35 6 3t w§ 117 890
membens”
Format cuics' ran | 50 1,30 31 150 35 1.41 30 095 101 o
Group sizet Q.20 44 L0 i n67 wn XKL 354 R4 .33R T2

Note: SD. standard deviation: Wilks' Jambda, Ussiatistic pr.. statstival signilicance with 2 and 43 degrees of
{recdom,

*Adntission requirements: 1 a2 il roomnsee individual; 2 = tradt reguircdigroup ready; 3 = triai membership/novitiate
required,group closcd

*Extent of authory: 1= nones Hittle: 2 3 somea lou

*AlGiiated to a larger organzauon: 1 = aot alfiliand: § o= alliliacd

“Degree of ideological consensus: | = a littlesam
“Mean propu. old members = propartan o adull membens who jomed commune hetore 1973
‘Formal rules: 1 = nounc/tew: 2 = somermany

3Group size = number of adull members (2 15 years old)
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Tabie 21.3h. Discriminant function analysis of optimality classification of communes by selected
churucteristics: Stepwine results and cunonical anslyse

Wilks' Minimum Fapsivaient
Variahle Step  Lambda Pr. 31 rr. ¥ I'r.
Flux 1 s13 D000 1,656 0070 ROIT 070
Controd 2 214 Q000 G028 000 142450000

*Maximum significance of Foatatshic 10 enter = 031 sy sighilicanes ol Fostatishic o cemove = 100,

Summary of Stepwise Anulysis®
Test of Differences Between Pairs of Groupines After Step 2

Pairs of Groupings F-statistic Significance’
OptimalNonoptinal — Upper 43848 000
Optunal/Nonoptmal — Liwver 14246 R
Nowopumal — Upper: 0d. 450 Aonn

Nonoptunal — Lower
*With 2 and 32 degrees of frevdom.

s

ical Discaminant Functioas

Function | Function 2

Canonical Correlation 887 A2
Squarcd Canomical Correation JIR6 A3
Percent of Variance 99.99 01
Eigenvalue 3672 0

Unstandurdized C icul Discrimi; Functinn Coellicients
. Function | Function 2
Conirol 6.080 Asd6
Flux 7.652 -13574
{Constant) =791 40

Table 21.3¢. Discriminent Function .. Clasificatina Results

Predicted Group

Actual Group Optimal —  Noenoptimal — Neaoptimal — Totui
Mid Region  Upper Region  Lower Reyion

Nof ¥ N X Nz
Optimal — Mid Region 251 [} X 0 0o 25 100w
Nonoptumal — Upper Region I 67 I 933 0 w0 15 1H.0
Nonopumal — Lower Region Toe7 0o 5 N3 6 100.0
Toal 27 5387 14 304 5 M9 6 100
Prine Probability LM 33 A3 100.0

Tuble 213. Discruninamt Funciion Anpalysis of Optimality Classilication O Communes by Sclected

Characterisiics. (2} Univanaie stalistics.  (B) Stepwise results and canonical anaiyses.  (¢) Classification
results.
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latent relationships hetween our measures of flux. comrol. opumality, and the ather sociological
variables we examined is parucuiarly poleworthy, tor 1 flies in the face of conventional
saciolngical theory (see Turner, 19K6). This would suggest that locanon in the regon of apumal
stability may have ns basis in a different Jogic and Jvaamics than that embodied by current
sociningical thinking (e.g.. Burnt. 1992: Coleman, 1990; White, 1992). It is 1oward an
understanding of these dvnamics and theit implications that the following discussion is directed.

6. DISCUSSION
6.1. Madel of Gloha! Communication

Drawing on the theary and empirical results presemed ahove, a model of the commu-
nicative structure of the collective was constructed (see Fig. 21.10). {0 the terms of this model.
the communicative structufe is formed by the interaction of networks of endogenous relations
organized afong two dimensions in which the vaiues atlocated in cach dimension detine points
within a refauonal freld (Bradley & Robens. 19K9a). The values ascribed 1o the horizontal
dimension represent flux. the amount of activanon of potential energy i a social coliecuve. The
values ascribed to the verucal dimension represent the amaunt of contral (the degree 1o which
individuals are interconnected by a transitive network of relationsy exercised a1 that location. The
coordinates represenung the dimensions bound a phase space within which each vaiue represents
an amount of informaton (in Gabor's termss characiensue of the communicanve structure of the
coliective. ’

Twa regions of stahility can be distinguished within the phase space. These are regions
associated with viabie panerns of global commumication. They are fucated within a larger region
in which the mimmum values tor global communication are not mei so thay various forms of
collective dysfuncion resubt,

All regrons are separaled trom each other, marked. in the terms of nonlinear dynamics,
by a phase transition from psvehosocial instabifines w [far-from-(physicad bequilibrium} psycho-
social stanilities in callective organizanon {Prigogine & Stengers. 19%4). The region of opumal
function represems. therefore. a uualitative change 10 psychosocial orgamization. The phase
transison from dystuncuonal to stable collectuve forms (which includes the areis between the two
stable regions) 18 described by tluctuatons in patential and comrol thal end in a point (the
hifurcanon point) where the patierns of eneryy acnvation and expenditure no fonger dissipate into
the environment — no long e out 1o equal the energy foveds of the sufrounding context,
but coalesce to crvstallize gent stable coliective vrder. To dety the wendency 1oward
entropy (disorder), and sustain the stable collective order, reguires minmmizing the fluctuations
by linking the actvion of potential 1o the contral operabions so that the energy expenditure of
all members is tn-tormed in feianon 1o the collectve’s acuon. I the dystunctional recion. the
patterns of potentiat and control are therelore either unable 10 extablish vr unabic 10 sustain stable
forms of eollecuve organizion. Vialues o low potential and low cuntrol (the area labeled as
insufficieney in Fig. 21.30) tail o provide stahility because. in addinon (o reguinng a centain
mimmum of kKineuc energy. stabiti

SO requires it least a minmum of direction given to that
energy. As shown ahove, this direction comes trom the interaction between tlux and control that
in-forms the paths by which kinene energy is expended in acuon. Thus. in terms of the data
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presented in Fig. 21.1. stable organization reguites hoth 2 minimum of flux gnd a minimum of
control: a netwark of recipracal equi-valent connections linking every individual to at least one
other person: this connection must he coupled 10 a transitive ordering of asymmetric relations
linking the action of each individual 10 that of at least one other person. Failing to meet these
minima, a collective would devalve into a loose aggregation of disjointed cliques and isolated
individuals unable 1o cc icate and. consequently, funciion as a social collective.

High
CONTROL
Low
KEY
Viabls Action
- Low Hoh
e Functional FLUX
and
Stabie Norwabio Rogeons.
| [p—. O o
and and
Novol Unstabio

Fig. 21.10. Model of dvnansies ol communcation and twllcative acuon.

Two other combinatons are also shown o produce instability.  Coordinae values
represeaung high contral and low tlux (labelied osificaton n Fiz 21,107 delineate a ngid
oreamization in which insutficient flux is available tor giohal communicason. The tack of
cn;nmumc:uiun means that the paths 1o action are fixed. not adeguately informed by current
circumstances. and are thetetore unabic 10 adapt and evadve as the suuation chinges.
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Al the other extreme. combinations of high flux and low control (labelled volatility)
delincate a turbulent siwation in which lile of the enomous flux is guided by hierarchic
controls.  Communication is inadequate as insutficient information about the ever-changing
situation is distributed.

The region of dysfunction surrounds the region of optimal coflective function which is
centered along 3 main diagonal of the phase space. and which. as noted. embodies a qualitative
change in psychosocial organization. The lower and upper boundaries of this region define the
values representing efficicnt information processing: this region is consistent with thermodynami-
cally inspired connectionist madels of neural neiworks (e.g., Hinton & Sejnowski,” 1986;
Hopfield. 1982). In such madels etficient patern matching is found to occur in 2 region between
total randomness and total organization: in our terms. between rapid flux and rigid organization,
The relationship between flux and control narrows progressively from many degrees of freedom
at the low end of the phase space, 10 an almost one-to-one comespondence at the high end. Thus
the shape of the space of optimal function is triangular.  Figure 21.10 shows that this space can
be subdivided into two distinct kinds of global gommunication: functional and transformational.
Transitions from one subregion to another are not gradual but involve gualitative change:; distinct
types of communication can he detined. In beiween subregions is 2 phase transition characterized
hy turbulence and insiability, Each subregion is composed of different combinations of values
of flux and control so that a social collective can only have one of these communication patiemns
at any given lime.

Furthermore, there is considerable difference in vuinerability to collective dysfunction
between the patterns constituting the subregions. At the low end of the functional subregion, the
range of combinations of flux and control is great and there are thus many different viabie
patterns of communication possible.  As a resuft of this loose anticutation between flux and
control, communication tends to he etforiless but minimally efficient. At the high end of this
subregion. there is a close aniculation between tlux and comrol so that the panerns of
information processing here tend to he aptimal — maximatly efficient and highly stable.

Beyond this. at the apex of the viable region, is a small subregion, labeled transfor-
mational (separated from the region of stability by a turbulent gap). detined by an almost one-to-
ane ratio beiween flux and control.  To assure stahility this ratio must be maintained, a noi-so-
easy 1ask: the greater the flux the more control must be exercised and vice versa, taking much
effort. “Often. when such an effortful course is in vperation, a sudden organizational spasm
accurs. The spasm has twa possible outcames. One is a structural transformation in the patern
of informatian processing, resulting in total reorganization to form a novel, qualitatively different
collective.  The other is structural devolution. the compiete breakdown and collapse of the
collective as a viable social entity.

7. SUMMARY AND IMPLICATIONS
7.1. Efficiency of Communication and Optimal Coliective Action
Our madel concerns the internal structure of the colective. This internal structure is conceived

to be hased on the biclogical patential of the individuals compasing the coliective to engage in
work. measured as energy. This hiological potential appears to be heterarchically organized and,
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when activated by the colleciive. is made available tor social interaction and behavior as a pool
or field of latent binsacial energy. We have labeled this dimension of the cndogenos order flux.

In the other dimension, individuals are connecied hierarchically. We have labeled this
dimension control because it appears 1o direct and reguiate the activation of the biosocial eﬁcrgy
of the collective. Conwrols over the activation and distribution of tlux result in global
communication by way of quamum-fike units of information (logons) — moment-bv-moment
descriptions, in terms of space-time and spectral conrdinates, of the collective's endogenous
organization. Because these elementary units of information overlap as a series, the collective’s
order at a given moment is informed by the order implicit in the units of the succeeding
moments.

A simplifying assumption was that stabifity can be identified with survival. Unless the
collective remains a stable. durabie social entity, there is Jittle o enguire about. Thus in order
to understand how stahility is accomplished. we have restricted our concern 10 the structure and
intemmal dynamics of the coliective, and have left aside s behavioral effectiveness as an entity
operating on its envitonment. it may well be that less stable collectives could be more effective
under cenain conditions than hyperstable ones (Rohents & Bradiey, 198K).

The efficiency ot the internal dynamics. and s rebationship to the collective s action, was
found to display an optimal (energy conserving) combinmion of Nux and comrol that is
assaciated with stabie collective action. Our results thus show that for the group to survive as
an effective working unit, an efficieni communicative struciure was required.  Only those
configurations of heterarchy and hicraschy that produced  path of jeast action — one that
entaited the smallest amount of tuthulence — resulted in a stable. etfective collective. The
findings indicate, in the terms of Shannon and Weaver (1949) at the opening of this chapeer, that
heterarchy and hierarchy are related as conjugite orders: that within the limits of iis hiosocial
energy. the social collective must achieve an optimal combination of flux and control to produce
efficient communication.

A final point concerns the implications of this multilevel investigation for the single-level
approach generally pursued by social scieace. In comtrast o such discipline-specific accounts of
collectives, our approach has heen 1o seck a common scientific languige «— to explore the degree
o which insights and principies from thermodynamics and intormation measurement theory could
be used to build a rigorous and 1estable understanding of the communicative structure of social
collectives.  Although this account has drawn little trom (and found littie empirical suppon for)
the normative sociological concepts usually employed to explain the behavior of sacial coliectives
{viz., ideoloygy, values. formal arganization, role structure, leadership, member commitment eic.;

- see the review by Tumner, 1986, ar Liblin et al.. 1987, for examples), we believe that our results
demonstrate the utility of an appraach that grounds explanation in the commonalities and
dynamics of collectives more generalty. This is aor to say that the taciors identified by single-
level descriptions are unimportant. but ratber thit 3 general understanding of collectives wilt anly
arise as a result of complementary work on the interfinkages hetween sysiems of organized
behavior ar different fevels (c.g., Csinvi. 1T989). In this way the rcl:uiuriship between general
principles of svstem behavior and the specitic conditions that obtain at differem structural levels
will be addressed and a general science of sactal behavior will he born.
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