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Communication and 
Optimality in Biosocial 
Collectives 

R,r!lnrord T1.rr.01 Brnrilr!r ~rrrti K,rr I Prr!,r nrrl'j ~.lm}sl~.r.. Cornr~~rmic r l t i on  rrncl O p t i r n r r l i t y  
i n  Biosocirt l C o l l r c t i r r s .  r j  111111111~' ~ I I I I O I ~ S  l l l r  cl1n~11~'rs irr 111rs / m k  111 t l ~ n l  it drnls i0lllt 
oplirrr~r~i1~1 r r r  socinl ~ !~s t r r r rs  i o r r r ~ ~ o s r ~ l  o!pcoplc, rn l l !~?.  llrn~r i ~ t ~ t i v i d t ~ n l  I I ~ I ~ ~ O I I S  s!rstrnrs corrrposed 
of brnitr rrgiorrs. 11 IS ~c l r l l rd  :J llris 1,m~i'; orlrn dm}lln.c. I l o r l ~ n ~ r r .  Itrcnt~st of tlrr strorrq 
nrrnlogics brtrr~rerl d i f l j rn r l  I n r i s  ;r~rlllirr ionrplm rtortlirrrnr ~i!/rmrr!icnl j!,st~,nrs. I l lst ns t ! ~ i c n l  
rretrrnl rtrtztor-ks. ndrosr rrodrs nr r brnirr I L - ~ i o ~ r s  rntllrr llrnrl i r td i r~ i r l~tc~l  r ~ r r t r o r ~ j ,  irrclrldr t f f ~ t s  
llrnt cnrt be drscr i i~td 11!1 1I1r ar-o-,lg~~ o! <if;stj irl j i l ry l t  rIrrtro1ts. mcinl rtrnt~orks t~rc l t tdr  <<iecls 
tlrnt cnrr br d t s ~ i b c ~ l  b!1 Iltr nrvrrnsr 0( 5(frcts i l l  i r ~ d r t ~ i d ~ ~ ~ r l  l r~~f l r~ts.  

B r d l r y  rrrd Pvibrnrrl t t ~ s o i l ~ r  krlo kr.!r rnt.inblrs irr Ilrr tl!rrrnrtrics ql rt~.bnlt corrrnrrrrtrs tlrnt 
rrml to br i ~ r  optinrnl rntrgrs f i r .  n conrrrrltrtr to l l m r  n goo11 slmrl~.r. 41' jlrr7lnSrrrg olrrr pciods 01 
jorrr !/rnrs or- nror-t. T l l rsr  f ~ r * o  r'm inlrlrs tlrc!r cnll flux nrtd c o ~ r t ~ v l .  Flrra is d r f i r rd  ns llrr 
derrwty o j  irrtrmctiorrs brta.rrr~ ~l ! ( f r~err t  ~ ~ ~ c r r l l m j  qf tln cot~lrtt~rlre. Brcnrl it ,17rt.r is rrlnt<d i ~ t  
jonrr serrsr lo !/re mrrorrrll o j  " rxc i ln~r r r l l "  01. "slirtlttlnliorr. ' ~Jplrrrtn/ !~II .Y flppcnrs to be r r /n t rd  
lo tlrr mitn-ion, dn*r loprd it1 Rosrrrstrirr's s l tnpf~v qi Illis Irwk. of oprirtrrrl "irrcontr" rr~it lr irt r l r r  

i tnl it~i~lrrdl Itrnin. Cor~trol  is drfirtrd 18s l l l r  rxlrrrl lo rr'ltidr 1.111i's or I~ ie rn rc l r i~s  p r w r r  lltcse 
i r~ l rmcl ior~s.  

optinlnl pt1t l~1.11~ of ~71t.r ,1111i ~ O I I I I O I  in11 br I L . / ~ I L . I /  i11 r~rnrr!r ;rsnys to 11rror.irs qf 
rrrrlir~idrml brnirrs nrrd rrrltrnl rtrt;r,or ks. Pr.il~rnrrt I s l r ~ l r j  t l lrsr z*nr-m6lr.s. b!r n ~ l n l o y j ,  to ph!tsrcnl 
nra.sy rnrinlles, t~rrtl ior1c111tlr.s tlrnt tilt jta~lde dntrs LOI ~ r s p o r ~ d  to i o r t , t ' i ~ ~ ~ r n t i ~ l t s  tlart o k ! ~  S O I I I ~  

kittd J!'lc-nst nrtrorr prirlcilrlz. Pln.iorrrl!r, it1 joirrl r l ,oti r1'1111 Dtnlrr .LICCII I I I I I~SS. Prrbrnnr Irnd 
rclntrii s~rclr ~ r ~ r r c r ~ l ~ ~ s  10 1~,111rrrrtl j t ~ r ~ . t r t r r ~ t r ~ g  111 81 br1r111 ~ I ~ . < I L ~ I I I  llrnt i r r i l r r r i r~ tlrr norrtnl /&rs 
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n r d  Irrppcnntprrs, rmrorrg otlrer nrrns. Also. tlrr optiirrnl 5tntr.s ~ n r r  br  drsc~ibed ns stntrs tlmt lie 
r r r  n regrorr. ns Brndlqr nrrd Pril~rnrrr ;n!r. "bhr*rrrr totnl rartriorrrrrrss nrrd totnl orgnrrrmtiorr.' 
Tirrse stntrs m.c desmrud Ir!, tr tlrrrnro~i!,rrnnrrc nrtnlogrj niso rrsrd i r r  rrr.rrr~s1 rrctrrrorics dfl~ioprd. 
ior r.~nnrpie. hj /olrrr Hopjirid. Ceo!.f.qr Hirrtorr. ~rr td Torerrcr Srlrrotr~ski. 

Brndlry trrrd Priin-nnrb clrnpto UII in cortsrdn.rd pnrt o/ llrr snnrr project ns h e r t i  
sirnptn. i r r  this book fnrrd, to sorrrr lirgree. !Ire clrnph-s b!t Lrdrrr. Prrrrrtt, errd CVmbosJ. Tltnt 
yrojrct ninrs to birrs rrrsigltts j.onr rrcrrrnl rrehl.ork fltrory nrrri sogrirtrir scierrcr to benr ort 
d n r l o ~ i r i g  r r c l  t lrmies rrr Ilre socinl scitricts t i i i  tlrr ws r  of this clmptcr~. sociolop~J. Tltis pojecf 
slrorrld rrddrrss tlrr sore rtrrd i r r  llrr socinl siirrrcrs for. jorrtrdnt~orrs tlrnt 10) nrr  tlrrnrrtitntit~c and 
a t  tlte same time IL) irrtep'ntr tlrc ri!rrmarics o j  rrnl  Irrrirmrr lrrlmt~ror~ nrrd cnrotiorrs. 

A theory [li communrc:rrrt'n 15 dcvch~pcd III cxpl:rin trptrrniz:rrron in the sc>ci:rl collectrve: 
to cxplatn huw energy expenditure Intcr:lcrs wrtli sontrcl ttpcratrons ICI form an efficient 
inf(lrmntrr?n prnccssrn;: systcm t11:rt rcaulLs in :I .siahle. C~~CCI IVC c~~ l lccuve.  The thciiry shows how 
t w ~  nrders o f  socral rel.ltions. tlux :~nd u~ntrol .  :let on tltc h i~~b~e r : r l  energy vf  thc cl~llcctivr's 
memhen to create qu:tntum-like. clcmcnt:rry unirs I I ~  infnrm;rtrt~n. E:tch unrt of information 
ccrntains a dcscrtption o f  the ccrllectrvc'~ cnd13;:enous organrzntnln. Gtnstructrng ;rnd disrrihuting 
such dcscnptrt>ns thrnughuut the c~~llecrrve 4,n :I rncxnent-hy-moment h:rsis. the interaction 
hetwcen the two orders opcntes :IS :I cclmn1unrc:rtrcin bystem 1h:rt rn-ic~rms (gives shape to) the 
expenditure of  energy and results In .rt:rhlc. C~~CCI IVC cr~llcctrve ;tctron. Results imm a 
Icingitudinal study o f  57 dclcial c~~llcctrves ~ i f fe r  empirical .*upp<~n tor the thenry. Only lhusc 
contigurntic~ns o f  tlux 2nd cltntnil thnr prtvluced a p:tth n i  1e:lst :tctron -one which entailed the 
sm;tllest :nmount of turhulencr - rcsultcd in :I sr:~hlc :tnd thus c i l ' cu i v~  a u a l  collective. 

One has the v:~zue ieclin;: !h:~t inh~rn i :~r~r~n :rnd rne:rning m:ry prc~vc to he something like 
a pair of  canonrcally ct~njug:rre v:trr:rhle> In qu:lntum thetlry. they heing suhject to some 
)<lint rcsrnctrcm th:rt cundemns :I prscln tu the s;sritice ( t i  thc one :LS he insists nn having 
much ( ~ f t h c  other. (Sli;tnntin Sr Wc;r\,cr. IVJ'J. p. 117). 

I. INTRODUCTION 

The prcturc c f  re:rliry that scrcncc pclnrays reflects the w:ry hClCnOE is or;:~nrzrd. Broadly 
rpe:tkrng. this orSnnrzautln div~dcs science rnro disrrnct d iw~p l in rs  (c.;:.. r ~ ~ i c ~ l i , g y .  psychrrlogy. 
hicrlcigy. chemistry. and physic~l. each ~ r c c i v i n g  the n:ttural world hy wny of its own pcnpcctive 
;~nd lechniques. Rctlectrn;: this t*rganrz;ttrtu-t. rnirst hth;rvior:rl scrcnce IS ;I single-level enlefprise 
generatin;: hd i es  81f d:~ta :rnd tlietvy s p c i f ~  111 the phen~*mcn;r o f  cunccrn. This is especially 
tNr of sontemporary stsird~r;.rc;rl rczc;rrch whiCl1. srncc Ernile Durkhcrm's Les Reg1e.r dc lo 
.Ifcrhodc Sorrolrr,giqrrc f IX'J5il03X). 11:s rrc:rrcd (hum:~n) alr . i ;~ l  inter;rction :L$ a wparate order hest 
u n d c r s t ~ ~ ~ d  hy studyng the w;rys ocr:rl t~rg:rniz:~tr~~n cctnstr:rins the hch:rvic~r 11f the individual and 
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that o f  collectives of individuals (c.;.. Bun. 1992: Cl>lem:tn. IVPII: Whltc. 1991: a notahle 
exception ts Collins. 1975). 

tsent ia l  .~r single-level enterprtses are. scrme o i  the mcist exciting mumenn In the history 
o f  science have come when data collected from ndjtiintn;: levels pruvtde ~nsights that polnt to the 
possibility that scienl~fic knciwledge can he wciven into ;I sinslc coherent tapestry. Such inst~hts 
are the product o f  multilevel invest~gattons th;tt focus tin the ~ntcriink;t~es hetween systems of  
organized hehavior at adjacent levels. 

The hroader aim of this ch:tptcr. theretore. IS tu relate s i~ t : t l  phenomena to h:aic concepts 
that have develi>ped in physics and clintnil cngincertng. Bcy>nJ rhc urgency and importance o f  
the develcipment cifn common scicntitic language IBislit)p. I'J'Jj't. we t:tke this apprcmch hccause 
stngle-level research i n  social sctence has not heen ~ u ~ ~ ~ s s i u l  in predictins the hchavlor (if social 
collectives. and hecause we hclicve rhnr the dcvcl~~prncnr ( t i  this underst;tndtng can hc informed 
hy concepts that hnve pniven usciul i n  thehe fields. 

Two steps are usually requtrcd t t ~  11h1:tin ins~;ltt& wben using :I tnulu-level approach. The 
tirst step 1s to discern comm~in:tlities In  lie helt:tvicv t l i  c~~llecttver t'pcr:itlng at different levels 
and to descrihe these i n  a sl>tnInt,n tcrtn~nttlttgy. Ftv in\t:tnce. :an ;~ssetnhly I ~ T  neurons In the 
h n i n  IS conceived to obey the s;tme I:tws ~~ t ' co~nmun icau~~n  ;IS :In ;tssemhlv crf peciplc in a soclal 
group. A fcrrmal approach to this step was taken hy Ccncrnl Sy*tetns Theory (Miller. 1968: von 
Bcnalanffy, 1969). The second step seeks an underst:tndinp of the inttm:tte relations that connect 
two adjacent levels (if inqulry. Ideally. the ~~pc ra t i ~ tn  of tlicse relnt~~lns. formally dcscrihed as 
tnnsier functions (tnnsicirmatt~~ns), must :tccuunt f ~ l r  thc results t*ht:tincd in the first step (see 
Niciilis & Prigo~ine. 1977: Pnhram. 19')1\. As ;In expl:tnnti~in ofthe pcrtldic tnhle o f  chemical 
clemenrs. atomic numher theory is a prtmc example of this .second step (Bohr. IY21a. 1921b). 
I n  this repon we uke only tlte f i s t  o f  these steps to expl:tln nptim~z:tticin In the %r ia l  collecttve: 
to explain how energy expenditure interacn with cuntrol oper;ttions t r i  f i rm an efficient 
communi~ i t ion  system tkt t  results i n  a stnhlc. effective collecnvc. 

We draw our insights and formalisms f n ~ m  tliermc~dynamics and inftirmatinn mensurrment 
t h e i ? ~  to help understand the c~~mtnunicattvc structure t , i  sm;tll sccial ct~llc~zives. I n  a 
subsequent work. we pl;tn to dcscrthe the transfer hncticms (rules) hy which the procesxs the% 
fcirmnlisms e m h d y  nre ~ranclated in111 psychi~loctc:tl and wciolog~cal mechanisms openttve in 
the arlleoive. Thus the multilevel strategy is nor hcinf cmpluycd i n  the service [ i f  rrduaionism: 
indeed. as csential a,. single-levcl .science is. we helieve i t  must he c~wnplemented with 
multilevel work i f  a genersl scientific account tbf the heh;tviur o f  cullectives is to he achieved. 

Scientific expltrnric~n is t hen  dependent cm the Invcnrrl*n ;lnd npplicat~trn o f  new 
techntrlosy. One t ~ f  our premises is th:tt ide;n derived i r ~ m  the i~~rm;tlisms of mathemat~cs 
provide a technology I~:II can he ;tpplied to d;tt;t ;tcquisiti~,n :tnd :tnalvsis. especially as 
implemented i n  ctrmputer pnlgrams. The h,rm:~lisnis pnwtde w;~yx 01' expressing. in precise 
form. prnhlem-wrlving alg~rrithms. th;tt is. w:tys ( i f  thinking aln~ut dat;t sets. Mathematics in this 
sense is ihe tcchnc~ltigy cif thinkins.' 

'This vlov n i  1ttat1~raonln.r war rxl?n.\w.J cxld i r i l lv  hy Cr~\~aua~n~s (LCWI.. 19TI. 1). tllJ) whn Gbu81dcJ a l l  
al~rhra In rcptcxnt thc though1 I,n*.rs\. 01, lhr hr\i* a11 Cn\~f i~~a~,a ' \  work. Clillcard Jcvrln(rd at) cqhl-valued 
(Iwt-qualenticw~) atgrhra ux.J h? D a v d  &111111 attd B:NI Hi l~y ( l~Fl3)  ttt l~sn~t(lli(i6rvg h . a t ~ 1  I I I  ~U~IIIY~II tt1ccltan1'3. 
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Our repnn i nn  hc cnncc~vcd. thcrctc~rc. :I!, :ln cxpcr!mcnt In which wc arc tentnt~vrly 
npply~nscomputnt~~~n:~l  dev~ccs. :~l~or l th l~! , .  trtcrnd t t~c tu l  rn ct;rtlng :lnJ solvln;: prohlcms In nthcr 
sclrnufic endeavors. C~imputcrr ;Ire to the heh:~vr~rr:~l *cicncc\ wh;lt test tuhes arc to 
htochcrntary. Both arc "in v~trr,." c~liccrn-hnscd tcchn~>log~cs. mc:lns hy which energy relntton- 
ships. control processes. and inrc.rmaunn trnnsmlsslon can hc studicd. 

In what follows. we present :I thctiry <?i gluhnl ctrrnmunlc:lt!<ln ~n strc~nl collect~vcs. By 
~ l o h o l  commtcnlcorton wc mean ;I pnrcss hv which ~n io r rnn t~ t~n  :~htwt tlic collcct~ve's Internal 
organlzatlnn is gnthcrcd. prc~ccsscd. :lnd Jisrnhurcd throughuut thc iy i tcm :IS a whole. A social 
cnllect~vc IS defined as a durahlc :Irrnngcmcnt o f  indiv~du:~lc distrnguirhcd hy shared rncmhership 
and lnlernctlon in rt.l:ltlon tu :I colnrtirm purpt1.w tir gv:~l. The thccvry shows how two n r d r n  of 
socrnl relations act rln thc hlosocl:~l cncrgy i l t  ~ h c  c~~l lcct ivc 's ~nctnhcrs 10 crcatc clcmcntnry units 
of :ntiirmatton. Esch a p t '  the~c un!t\ t l f  ~ntorm;ltitin iontnlns ;I d c \ c r ~ p t n ~ ~ i  tlf thc c~i l lect~ve's 
cndegenous n~rganrz:tlt(tn. Ct~nstructrng .lnd J ~ s ~ r ~ h u t l n g  \uch ~ Iezcr~p l l<~n\  throughl~uc the 
collect~ve on a m~~mcnt-hy-mrimcnt h:~ar\. llic lntcr;lctlc*n hclwccn tlic IWII c~rdcrs opcrates as an 
ctfic~cnt cornmunlcaul,n syslcm t I i : ~ t  Int<rrrrt> rhc cxpcndrt~rrr 1 1 i  cncrgy h~ ct'fcct stahlc. cTfcct~vc 
collccttvc act~on. Wc znlund Ilur tlndcrsl:~ndlng atn tltc cmp~rrc:rl r rw l ts  ~ r i  :I study nf 57 soclal 
ccrllecr~vrs. 

2. PLRPOSE :\ND P P R O A C I I  

The approach wc Jcvclop differs In :I nulnhcr tmptvt:lnr rczpcus trvm thc kind of 
understandin!g grncn~ll!, otfcrcd hy i t u ~ a l  ,clcncc tn ncctwntlng t ~ r r  w,cr:~l hc l iav~~ i r .  A hns~c 
difference 8s tlur focus (In ;In clcmcntnl ~3rdcr t ~ f  cummunlc:lttvn. :In order rh:11 IS mlrrc inclusive 
than the rrcrnctcd ctrncept ( t i  (liumnn, comrnunlc;ltlon gtncr:llly crnpl~iycd in roctnl scimce. 
Emphn.izrn~ the cultural has~s trt hrlmcrn \c~cl:~li~>n. the term 15 generally used to denote 
interaction thnt tnvolves the cxch;lngc I I ~  normatively dctincd n1c;lnlng.i ;lnd understandings 
among purpmcl i l  str ia l  actrlrs (Chcrry. l'J66). lrrcspcct~vc OF whcthcr I( c~ccuts in an 
interpenonal or a c~r l l ra ivc  elmtext. cnmmuntcntton is viewed :IS ccntcrcd nn the ~ndividual  - 
trancplring hctwccn or among rclf-conw~ouz :Ictors. c~ thcr  rn thc pursurt trf thclr own goals or 
i n  thc roles they play :IS agents ior collcctivcs (Rngcrs 5: Kinc:lld. I V N I :  J:~hltn. Putn:lm. Rohcns, 
& Porter. 1987). 

Thc hrondcr crxnccpt t r i  u~mniun ic :~ t~ t~n Ih:~t wc dcvclc)p hcrc la s lm~lnr to the notlon o f  
comrnunlcntltln thnt undcrltc~ tllc "c~tnncu~c~nisi"  ct,mput:~t~c,n:~l ~ntrdcls t ~ i  "hnin-style 
prwr?ic in~" (Rumclhan. tY01. p. 60) .  In  rhcsc m ~ d e l s  cynchrunous par;tllcl distrihu~ed 
prwessing among dcwcly c~inncctcd :~n~t ic l : l l  'ncur:ll nctwc~rks" is shtrwn cnpnhlc o f  cnctding 
and "Icarntng" qu~tc  complex patterns o f  'knclwlcdgc" and hch:lvlor (we  Rumrlhan. .WcClcll~nd. 
& the PDP Resr:~rch Gruup. 1'186. .md McClcll:~nd. RumclIi;~n. 5: the PDP Rcsc;lrch Croup. 
19H6, for examples). Hcrc. init~rm:trllw processing (c~tmput;ltlc~n) occurs m drc parrcrn of 
excirurow und inhrhlro? rebrlrrrrs rhur r~~rerc~~r rnec.~  u l l  I>/  rlte "r~c~rrr,r~-likr-" nodes of rltc "neural 
nclwork:' i t  docs nut txcur in thc ntnclcs tlrctti.;clver Tliis I,\ t l ~ c  i;lrnc cttre Idea in our concept: 
n field of rclatlons in which 11 IS the 1ntcr:lctlcm :Imlmg dif'fcrcnt ~trdcrs o f  soc1:11 crinncction that 
pnxesses and transmits inh'rm:lllc~n 1lirtwgh1111t thc c~~ l l c c t~ve .  R;lrllcr than hctng centered on the 
individual scxtal actor. as 1s the c:lsc in thc "hltxk mudel" :~naly*cs (Freeman. Whttc, Sc Romncy, 
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IVR'2: Whltc. Borvrm:ln. S: Brc~gcr. 1976) :~nd the "s)..;lcrn dvn:~~nlcs" ~nc>dcls i l i  social cvstems 
(Fnrrester. IVW: Lynstrr. Fr~rrcatcr. S: Lync13. I'JSII). the I t u ~ s  o t c~mtnun~c : l t ~ (~n  In our concept 
is thc intcrnction amlrng nctworkh 101 uxt;ll rcl;~tn~nslr~pc cclnncclcng :III members. 

Another difference c<rnccrn:. 6,ur use c ? i  t~~rm:~ l ts~ns In pl:~cc llrc nictapli~rr~cal nnalc~gles 
nnen used to ponray aspects tr i  thc \oclal soilccuve th:tt nppc:lr 11, cndotv 11 with the qualities 
o f  :I scnticnt enttty. Emllc Durkhc~tn uhcd tlie ntstnin .>I' "c.ollrct~ve c~!n:.c~r,u:.ncss" to ponray 
what he k l i c vcd  to he thc o~ l lcc t~vc 's  psycliic c:~p:~hilit~cs: 

The co l lca~vc cnnscic>usncs:. IS rllc highcst i~,rm 01 thc p.;vchlc liic. slncc 11 IS the ctinsclous- 
ness o f  the clinsclousncshcx Bc~ng  pl:lccJ snutstdr .III~ :th~,vr tnd~v~dunl and local 
cfintingrncics, i t  sees things (nnlv In tliclr pcrni:lncnt .lnd csscnt~:~l :t:.pec.ts. which I! crystallizes 
intocc~mmun~cnhlc idc:~s. AI tllc \;tmc motncnt oi tltnc th:~t I! ~ c s  irnni :I~IIVC. it srcs tanhcr; 
at every moment , ~ i  rlmc II crrihr:~ce\ :ill kntnvn rc.ality: rI1:1t 1s why 11 :llvnc can lurn~sh the 
mind with the m~>iJs wlriclr ;trc :~ppl~c:~hlc 11) tlrr ttst:~litv thlng\ :lnd whtch mnkc il poss~hle 
to think crf them. (Durkhcnrn. I'1l.i. I'lh?. p. 4'1?1 

.Mwc reccntlv. I:lr$ci? In rc:.ptm:.c nl tlic cmcrgcncc ~l i  i~ r - i :~ l l cd  " ioyn~t lve  sc~encr." a 
growtng numhcr ni.socl:ll cclcntlstc 1i:lvc dr:~wn p:lrallcl.; bclwccn thc t~rg:lniz:lrlcsn ( t i  informnl l~m 
processing i n  ~ h c  hnt~n 2nd avnlnunnc:ltltm ;and h c l i : ~ \ ~ ~ t ~ r  In t l ic .oc~;~l c~~ l lccuvc  (Bcrugon. 19113: 
Bradley. lVh'7: El Snwy. 1'18.5: G:lntd S: Ktt111;i. IvtJJ: G1;lzer. I1)Rh: Hutcliinh. IUUI: .\I;tcRcnz~c. 
1')YI: Morgan S: Ramircz. I'IKJ: 5:1ndcl;lndh .& St:lhlr~n. l'JS7: Wc~ck 5: R~~hcns.  19931. For 
~nstancc. Hutchins ( 1V')I) drcw ~ l n  tllc di:.tr~hu~eJ propcrt~c:. nrur;~l pnjccss~ng III dcscrihc how 
redundancy in "ovcrlapplny" c i ~ ~ n ~ t i v c  knc~wledge :lmong ~nd~v~du;~ l . \  \vitlrln :I c ~ ~ l l c c t ~ v c  iorms 

I 
n s y e m  of mutual ccrnstrnlnts 113 ciknrdin;~tc :~cticins :I! the c~~llcc.tivc lcvcl. S:lndcl:lnds 2nd 
Stnhlein (l'lX7) rxrcnded the :~n;~lt~gy turtlicr :tnd :~rgucd t l i ; ~ ~  In thc sllnc w:ty that cctnnections 
among neurcms cnctnJc utncepm :~nd 1dc;l.i in the hr:~~n. connrcthln:. :Ilntiny cc~ci:tl ;rct~v~ties 

i cncode concepts and i den  m thc c ~ ~ l l c ~ t i r c .  And :lltbttugh Wcick ;~nd Rohcns l lYVl i  
ackn~rwlcd~cd thnt such rnct:~plrcir~c:il rc:iuinlny ia ;I "sh:~ky h:l.\ls" itir ;I thctjry t,t'"trrgan~z~t~on;~l 

! mind." they ntrnetheless cttntcnded t11:11 a~nncct~t~n~:.m':. s tw i~~ l r~y ter l  utility lich In  the '-~ns~ght" 
! i t  offers. n:lmely. th:~t ~ ' r r l ;~ t~vc ly  simple I z~~c t :~ l ]  :cnlr$ m:ly k :~hlc tu :tpprclrcnd cc*mplcx Inputs 

i f they nre 11rg;tntzcd in w:~ys th:~r rc>cmhlr nei~r:~l  netw~lrks" ( W r ~ c k  :lnd Rl~hcrts. IVY3. p. 359: 
our addition). 

Hcwevcr, alth~iuylt t l iex :rn:tlt~gics m:ly ~ l i f c r  dc:.criptive iln:~gcrv with which to character- 
izc these ptnirly undctlitwd ie:tturch O i  c~~ l l rc t rve  t~rglnizatlc~n. rhrrc IS :~lw:ty.s thc r ~ s k  ( t i  fnlsc 
nttrihut~on. which can ylcld ~~h lusc :~u~ in  inste:rd cif cxplan:lt~on. Tliux. we usc thc more neutral 
term comrninicul~or~ insrend. Bcc~usc the k~r~nnl isms we employ pnrvidc explicit principles that 
appear to account tiir such prc?pnlc> ~t icc~l lect ivc org:lniz:lt~(m. they t~ i f c r  a r;~tional hxsis -one 
hnscd on reson and Ic>gic - hir h111ldin< \cicntific ondcrst:~nding. 

I 
Scxinl sclencc hns 111ng rccl~gn~zed tire impcrnnncc o i  twl, h:rzlc p:ltterns t ~ f  socl;ll 

r g n i z a t i t n .  Al th~iugh the:.c I1:lve hecn expressed ~n :I v;~ricty terms - f~~r rna l  versus 
infivmnl trrgnnlzntlrrn (R~~ctli l i~hrr;cr rl; Dicks~ln. I'J3'11. r:~t~t,n:~l vcrsuh n:~tural systems 

1 (Selznick. IVJS). ~;c~ct~~tcchnic:~l vcr?itls atc~t 'c~~rt t t~tmnl .;y\tr~n* (Trist S: B;~mt~inh. IY.51). 
I mech:tnistic venu:. organic lnr;:tniz:~~it*n !Bllrn. .t Sr;tlkcr. IL,0I 1. I~\I~UIIIC~I:II V C ~ I I S  expr~ssivr I 
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leademhip (Bales. 1 9 8 )  among tithers - underlv~ng these conccptu:~liz~uons IS a deeper (onen 
implicttl dimens~onality: a dist~ncuon hetween hrerarcl~icul and Aercrarchical forms o f  
organizntlon. between a pattern ~ i l t * ryan izat~ i~n hnscd primarily nn explicit relations o f  social rank 
and social contml and a pattern of social ccmnenlon that IS more tluld ;~nd transatory involving 
an equ~vnlence among individu:tls. 

Previous analyses of the groups In this study (Bradley. 1987: Bradley Q Rohens. 1989% 
19R9h). have shown that these tw,~ patterns o f  (irpnization form the cirrnmunicatlve stwcture o f  
the social collective -a heternrchical field tr i  energy expenditure (1h;lt we refer to here .as tlux) 
and a constraint system of hterarchical ctrntmls (see Fig. 21.1). The heterarchical field. a 
distrihuted. m;lsslvely parallel network o f  symmetrical rel;ttions i n  which members of the 
collect~ve are essentially interchangeahlc. saivatcs and unities the hic~st~cial energy o f  individuals. 
The hierarchical contmls. a densely intcrcr>nnectcd stratitied c>rder o f  ~symmctrical relations i n  
which the pnsition o f  each individual is unique. oprate on this field to produce an informallon 
procesclng network. By constra~ning the paths of energy expendi~urc. the controls render the 
potential for an informed pattern at' coilective aair~n. 

Following up on these e:~rlier finding. the question prscd here is whether insights and 
formalisms derived from therm~rdynamicq cnn illum~nate the hicrst~ci;il intcrnaions that compose 
the heterarchical order, and whether insighrs and formalisms derived from ccintrol engtneering 
can illum~natc the functions tif the hierarchical order. Finally. our purptlse is to enquire whether 
the intenction hetween heterarchy and hierarchy can he hest understnod as an instance of 
iniorma~ion processing In which data ahvut tlux (unioiding hequcnccs t i i  relations) and position 
(spatial-tcrnponl Itrcatlon) are ccvnhtned 111 cre:lte elementary units o f  inkrrmnuon that provide 
opt~mal. mc~ment-hy-mcimcnt descripttcrns # t i  the cr~llectivc's endogenous organization. 

3. THEORY 

3.1. Assumptinns 

We hegin our experiment In thecjry hy limiting uur task in t'ttur ways. first. our interest IS 

restncted to collectivcc that havc ;In explicit h1und: l~  distinguishing memhes from nonmembers: 
our account dries no1 include panrally hiunded structures such ns cliques or open-ended entities 
such LS sncial nc~works.' Second. we leave :aide any intluence t h ; ~  ntrrmative elements, such 
ns cullural values. norms. and rcrlcs. may havc on the organlzatitin and action o f  social 
collectives. and on the hehavior of their memhers. Third. apan from their hitncxial potential - 
their fi~pncity for physical and urcial actlvity -we ignore e f f c ~ ~ s  that the characteristics o f  the 

' I t  IS llltpnrunl lu nnlc lhrl ,111 ntcnh. '~  ot Ihc F~I(!cFIIVC. arc iutdudt.J: Ihi> l i ? l l a n U $  rrnest our cntt~-~yl 01 
mtnrnun~ralmn. lhc nltcnnnon 11110115 n~tw~~tks  01 ~PI~IIR~II> LI~~NO~FCII~I~ .?I1 individurts I" a I'I?IIECUVC. As rncnl~oncd. 
il b Ihc unit nmnnvt Ihzl u~#dolic> &x~nttrrtic~nnl nudrl. a1 'nrurzl nrluorkr.' Thir i\ a Jillcrcttl ~(lprnarh lhrs lhat 
cnlplo~cd hy must w u l  tlerw~*rLs rcrzrrhrn and %(I.Icm JYII~IIIIII, I I I I M I L . I P ~  11, which the critcnars nT -tnulual 
rclcva~lcc' b u m a n ~ l .  Mandcnt. J; Prr~urk?. IV4?1 h u ~ . d  11- iztcludr 6u1ly Ihctw zt.lon whu arc (ra~~lcxlually) rclcvanl 
In t.arh nlhcr in thc splctn. 
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collective's memhcrs. as tndivtduals Ic.;.. gender. ;tge. persomlity ctc.). may have on system 
hehavior. 

Our founh restriction IS I,, limtt twr focus to the cnd~>gcnnu\ 6tpcnt1ons that characterize 
the collecttvcs undrr study. Herr \be make rhc simplifying :~hurnprirvn thnt. to he exogenously 
eifective. the collccttvc must he \t:ihle. Our interest lies in cxplonng the cificiency o f  the 
mdogmous pmcesscs hg whtch st;thili~g n achieved. ,,i devclt,p~ng an understanding of which 
patterns ~ r i  cndopncws orpntwttun :Ire op,prrmal for the c~~llecttvc's ;tctions that rcsult In stability 
(Coleman. 1990, p. 42). We will le:~vc ior a later discussion the qucattin ot' the collecttve's 
effectiveness in its environment. 

The distinctton hetween cifccttvtne~.s :~nd citicicncy IS dcrtved i n ~ m  n rtgorous definition of 
energy. Because cncrky is a nrelv uscd tcrm in soci;tl science - one that when i t  is used. is 
used as a metaphor (e.;.. Cullins'. I')')II. notton o f  "cm~~ttonal cncrgy") tnstc:td crf as a scientific 
concept. we turn to the natural sctcnces for our use o i  the ctrnccpt. 

In the phvsic:tl and hiologtc:tl sctcnces. energy is n me:lsurc ~ l i  nn ;Imcrunt of (physical) 
w~rrk that can hc accomplished (McF;trl;~nd. 1971). TWI type5 r ~ f  energy a n  he dist~nyished. 
kinetic and pcltential. When work 15 ;tctu:tlly hetrig done In pn'ductny change. it is defined as 
kinetic cnerxy: the measure is dircctly pn~pt~rttonal to the amount 1 3 i  kincsis. that is. to the 
amount of physical activity required produce ch:tngc. Pnrentrul encr,qy is inierred from an 
estimate o f  the amtrunt o f  pi%sihlc work th:~t ;I situat~(in pnividcs. I t  is an tnierence based on 
similarity to conditions that havc hcen previously l>hserved tu 1r:tnsiorm pc~tential into work. 

In most physical and hit11t~gtc:tl systetns. therc is a tcndcncy to mintmizc wnrk in order 
to conserve energy. Thts IS known as the leusr uctirnr prmcrplc or the system's Hamiltonran 
functi~rn. In irs general i~trmul:tt~on. thc prtnctplc holds th;tt ;I system IS m:uimally stable (i.e.. 
at cquilihrtum) under ct~nditi~rns th;~t ma1nt:ttn pt>tentt;tl cnergy :tt :I minimum (Considine. 1976. 
p. 1454). Tliis means thnt :tny dcp:tnure hum cquilihriutn -any disequilihrattng change in the 
system's structure - crentcs potenti:tl energy. For example. :I pendulum at rest is 21 cqu~librium: 

I 

I any change in conditions that disequilihrates the pendulum pushes or pulls it into positions i n  

I which the potential energy for returning III cquilihrium hec~rmes greater than that at equilibrium. 

i I n  order to return to equilibrium, the system must expend the pitcntial energy hy performing 
! work to use it up. 

I The inirial measurc of efficiency camc hom huilding steam engines. The aim was to 
conven the aaion (if steam into usetul work hy mintmizing its dissipatt~m intu h ia ion and other 
useless generaton o f  hc:lt. Much cxpcrtment:ttton with dit't'crent cngtncs was required to achieve 
this irhjecttve: it tcu~k et'ftin to dcvel~*p nn ctticient ste:im engine. Ej/r~rt. In this sense. is directly 
related to inlcrnally attatning ct'ticicncv: whc rc :~  efictirrne.ra dc:tls wtth the tirtal am(1unt of 
wtrrk necesary to ncctrmplish an crrer~tol  gtt:~I. irreapccttvc h<tw much cffon is expended 
(Prihnm & McGuinncss. 1975: Prthr:lm. 1')')l. Ch:tptcr 9). 
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T o  apply thehe concepts ar i  cncrgy. wc axsume th:tt thc mcmhcrs c ~ f  the social collective 
are biologically capnhle of  work - o f  cngagrng rn phvslcal hch:rv~or :tnd activltv, and that thls 
cnpahility is measurahlc .u pt,tenti:rl energy. When activated hv the c~i l lect~vc. the members' 
potential energy IS convened into h l<* i~ l : r i  potent~al. the c:~pah~lrry for cnsaglng in soclal 
hehavlor or Interactlcrn. Actu:tliz~ng thrs h i ~ l v ~ c i n l  potential ent:r~ls uurk:  work is mc.uured .+s 

kinetic energy. Because thc dpn;rmlc opcrntinn of  a collcct~vc requires an almost constant 
tnnxiormatitin o f  cncrgy h:~ck :lnd ionh hetween pcltcnu:~l ;lnJ k~ncs~s.  ;ls the collcctivc 
cont~nuously adjusts to internal and external ch:~ngcs. we use tlic term Jlu to characterize the 
medium o f  this contlnuiius transicr ~9fencr;y. 

I n  iu stnvlng tow:rrLL% :tn cfticrcnt U\C o f  cncrpy. thr cc~llcctive transforms potential to 
k i nc t~c  energy. The tendency to energy ct~nsewati~rn requires c i fon  on the pan of the collective 
to  expl~ire and identify altcrnntivc paths & i f  :rctic~n to devlsc t h ~ ~ r c  th;rt :rllow work to proceed 
efficiently. thnt IS. with thc least :Imtunt of  di\srpntlcin. 

How is i\ CI>UTSC I I ~  lcast actltm ~mplcmentcd' I n  the plry\~c:ll scrcnces a least act lw path 
(one thnt is op,primul for the system) is detcrnt~ncd hv p~eccwihc suhtr;~ct~c~n o i  p(~lenti:rl hv kinetic 
energy. Pntentlal cncrgy 1s reduced - tlirtlugh a hcrics of  \uccess~vc tluctuations hctween 
potenual and work - until its mlntmum lcvcl is rc:rchcd. 

One may c~rnccive the path In thl!. procca :I.; hcin; dctcrm~ned by 2 landscape of 
ccrnstraints that channel the pattern of  the :rctu;rliz:~t~un O i  porcnt~;rl inlo work. An example is 
when a river emerges Rcm a m~,unt:~in lake tc, crrurse its way. hy vrnue o f  sravity. down the 
hillsides to the sea. Although at cach polnt o f  the tlttw thc rlvcr's po~en t~a l  energy is determined 
by the point's elevation ahove sea levcl. the tlow p;ttli ('I the rlvcr - the pattern o f  its 
actualizat~on o f  potential inlo work - IS ~ntluenccd hy cgrnstrarnts ohtarning to the terrain such 
as climate. vegetation. Icrpc~graphy. geology, and so itv-th. A region o f  hard rc~ck w i l l  interpose 
turhulence and require more ci f t in rhan that o is t tn  rock for the river to cawe a direct, and thus 
an encr~y-efficicnt, path trr the sc:~. 

I n  an analogous i,zchinn. a xt*ri;~l c ~ * l l ~ c t ~ v c  cttnstructs :I landscape o f  scwial constraints 
to channel the actualiziuun I I ~  the p~tcnti;rl energy o f  its memhers into usehl collccuvc work. 
T o  the extent thnt le;rst actton holds. the cffurt dem:~nJed IS th;lt t l i  seeking and then imple- 
mentlng an optrmal landscape o f  end~~gencws rei:~t~ons that prtxnote cl'ficient group action. For 
Instance. Henry Ford experimented with different w;~ys '11 j ~ i i n ~ n g  tt~gether the cnersy o f  his 
fac~ory workers tc i  find the maximally eitic~enr ~*rganiz;rt~ctn titr m;rnufacturing cnrs (Llcey. 
1986). T o  do this. he tmplemcnted a set o i  cktn?;tralnt>, hahcd on his inventitin crf the prduct inn 
line and its xsuxiated techniques o f  mass pnductilvt. that direcled and thus optimized the action 
paths among the collective o f  workers: he pnrduccd autt~mcih~les ;II mlnimum cost. which. i n  tum. 
pmved effective in the market pl:ce. 

33.  Cnn,junctinn and C r ~ n t n ~ l  * 

Within this theoretical kamework. IWII prt,cesscs can he identified that act to gencnte 
descriptions o f  the collect~ve's internal crrgnnlzatlcrn. The tirst is conjunnion. which joins the 
h i c~oc ia l  potentials nf the individu;rls armptslng the ct>llcctivc. The secund IS mn~ rn l .  the 
cnnstructicm o f  a landscape o f  s r ~ i a l  cunstr;tin~?; th:~t c1%ciently directs the trancfc~rmatit>n o f  
prlentinl into ac~lon. As dct:rilcd sht,nly. the landscape determines a ccrmmunication processing 
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netwtrrk that generates patterns of  actunliz:l~~on ~ , i  tlic pl~tenri:ll t l i  thc collect~ve. The lntncncy 
(complex~ty) of  each succrcslvc c~lntigura~rtln ot thcsc p:lttcrns IS processed hy the collect~vc as 
a mensure o f  information -.a ~ h c  me:lns for dcscr~hlng 11s endogenous ~irgantzarlon. Thus. thc 
mensure o i  informati~in provides ~i~t ,men~-hy-n~<i~nent Jcscr~p~ l l~ns  t t i  thc cndt~genous order that 
nre cnmmun~cated.hy a h~rlograpli~c-like process thn~uglicrut tltc ~ .~> l l c c t~vc  (Bradley, 1987. 
Chapter 9). 

Conjunctton is achicvcd wlthln a field ~ r i  rcc~prc~cnlly equ~vnlcnt (cqui-vulrnr. of cqual 
valuel relattons ~ m o n g  ~nclividu;~ls. Within such a ticld ;I heterarchical crrder crpcrales tn whlch 
there is an ahsence of differenti:~t~tin in tcrrns of  SOFI;II status or rank. ~i th:~t all individuals share 
in common a connectton of a>c~a l  equality. As a result. the ~ndir idu:~ls are mutually ripen to 
each other and. hy extension. open tcr thc ct~l lcct~ve ns a whule. Thuh. the tield of heterarchical 

I relauons describes the potential hioccw~al energy - [he ptrtenual tor work - of the collect~vc. 
In  the absence trf other factcvs. in~t ia l  cunditions lsuch as ncgntivc feelings like fear. 

hatred. orjealousy) wi l l  h11,ck the effic~cnt convcrslon trfp~rtenu:~l t c ~  L i~nct~c energy: In non-linear 
dynamics such systems are char:~ctcr~zcd hy ncgallvc Lyapunttv cspt3ncnlr leading to stasls. 
oss~tication (c~~mplete [physical] equ~ l ih r~u~nt .  t?r In t luctu:~t~i~n\ Jcscr~hed hy relaxat~on 

! oscillators (Abraham. IIJY I ). On tlte ~ ~ t l i r r  h:tnd. :IS el:~h{~ralcd hcla~w. initi:tl conditions such .u 

! admiration. awe. 1,r love crcate a kind t ~ f  Il:lrllilan~c rcntnancc In the rcl:lt~ons arntlng mcmhen 

j lhat wi l l  enhance the cunvcrsialn (lt pvtcn~l:ll nl kinct~c energy. Tile dilnger hcrc. i f  this cnhanccd 
kinetic energy is unconstrained. 1s t l i ; ~ ~  unduc diss~p:lt~on ( t i  energy wi l l  cnsuc: in the language 

i o f  nonlinear dynamic$. chaos wi l l  result. 
Thc sccond prrwess IS c(*n~rol. .I 1;tndscapc s~ i c~a l  cc,nstrmnts tha~ intlucnces the 

1 convcnion (k t '  potentla1 energy I*! kinct~c energy. ~h:tt IS. the p:lttcrning < l f  tlux. Control is 
achieved by a Iransit~vely ordercd structure of  sc~ci:~I rc1;rllnns :Imtrng mclnhcrs that prevents the I dissipation o f  kinctlc energy. t3y prcclucling undue Jissip:~tion, 111e ctvntr~rls sh:~pe the paths c ~ f  I 

I flux. therehy in-fiirmm!: -giving r1t;lpc 11, - thc relations :tmong individuals.' 

Surprisingly, given the rich. dense 11(1\v of  verhal :~nd nvnvcrhnl signals that comprise 
human intersctlon. inhrmation is rarely used .~r a rigortrus concept in s l r ia l  research: i n  three 
recent influential works (Coleman. IVVO: Bun. 1991: White. IVY?) it is empll>ycd .~c an undefined 
term. lnespectivc of  whether the term is explicitly defined (c.;.. R t y r s  Sr Kincsid. 1981. pp. 
38-51) or not. its use i n  snci;tl science cuncsponds to S11nnncin.s (1949) concept of  inf(>rmntlon. 
that is as a reduction IJJ unccrtuinrv rlrrorrph choice umon,q ulrurnurive,~. In  this ci>nception the 
smallest unit o f inh~rmat~on is the hir. the h i n a ~  digit - nclwadays ctrrrespc~nding trr the smallest 
standard unit uf  inR>rmatitin in ccmmpulational infvrmat~tin ryslems. Sh;lnncm's concept o f  
information applies tti symk~l-hnscd av-nmunicatic~n systems. likc Iturnan 1;lnguage. I n  such 
systems each unit of infcrrrn;~ti~~n In ;I .requcncc ct~ntrihutcs 111 rcstrlutit~n o f  the sisnnl's mccsase 
hy reducing the prohahility 111 nl1ern;ttive 1nc;lnin:s. 

I ' Thir cmtircpaonn IS -.luttllrr III &,hs! ZIIJ Hih.y.3 IIIBIII)II 111 "II.IIVC tatl<vtna~~n~on" (WC &d108~ k HiIcy. IP(I3. 
pp. 35-42.59-71). 



There is. hnwevcr. a sccc>nd concept o f  in i l r rm:~ t i~~n uacd In the physical and hlological 
sclenccs. vlnually unknown In thr s~bclal sclcnccs. Bcc:~usc wc cmploy this second concept to 
show how the tmeracnon helwecn hclenrchy and hierarchy c3pcrates xr a communication system 
to construct and distrihutc ~nformatlon. we turn to the natural sciences for our use o f  this concept. 

Our d~scussion is informed hy work cm stgnal proccsslng in telecnmmun~catinns (see 
Chcrr).. 1966. for an excellent rcv~cu*).  Two  distinct pnrpcnlcs crf the scgnal have becn utilized 
for transmtu~on in tclccommunical~(rn. Onc is the s ips1 ar a scqucncc of discrete pulses 
encoded in time. as i n  the usc n f  M18rsc lo r  similar) ccJc for t c l cg~~ph i c  u~mmunication. 'Ihc 
other encodes the s~gnal as a pattern crl cncrgy crscillat~cms a&rsr a wavchand o f  frequencies. as 
In  the encoding and transmissi(w 11f vt~cal  utterances for tc lcphl~n~c ctrmmunlcation. Although 
the frequency arpccts o f  ;I sign:~l's crscillati~*n arc ~nclevnnt tor telegraphy, for telephone 
communicat~on they arc c rn~ca l  ;IS t i d c l ~ ~ y  i\ dependent <In the spcctr;ll complrncnts of  the signal 
(frequency. amplitude. and phase). I t  took some time. th(>ugh. in the early pan o f  this century. 
to rcallze that there wns a relation hctwcen thc rate n f  trnnsmiss~cm o f  a g~vcn  quantny of 
information and frequency handwidth (Nyquist. 1023: Kupfmucllcr. 19341. This relation was 
generalized hy Hanlry (IY2S. p. 535): "the tlrtal amount ~ i I ' i n l i ~ rm :~ t~~ rn  which may hc transmlttcd 
... is prctpnnional to thc pr(lduct I I ~  trcqucncy rangc which IS ~ransnllttcd and the tlme which is 
available for the transm~ssl~~n." 

Gahnr (IUJh) f~~rrn;~llzcd this rcl;~tl~>nship In hlh 'Thc~iry o f  C~~rnmun~cat~nn." Hc noted 
that there is a rcstr~ction to the cf t ic~cncy with which n set nitelcphlrnc rign:lls can hc prnccsscd 
and communtcated. Thr  restrtctltm is Jur to thc l imit I r n  thc prcclsllw tn wh~ch  concurrent 
measurements ofspcaral ctrmponents :~nd 111c (sp;~cc~timc cp~*cl l  I I I  t l ~ c  .rlgn;ll can he made. This 
restr~ction is illustrated in thc II)~ 01 Fiy  21.2. In wlrtclr timc xnd trcuuenc?. are treated as 
orthogonal cwniinates. A l t h ( ~ ~ g h  the frequency (,I' a h:lrmnnic t ~sc i l l n t~~~n .  represented hy a 
vertical line. IS exactly defined. IK Jur;~titln In titne i r  tc~tally undetincd. Conversely. a sudden 
surge (a ‘unit impulse functl~m") t,r chnngc in thc s~_cn:~l. the hunzontal Ilne. is sharply defined 
in time. hut its cncrgy is distrihulcd cvcnly through~ut thc whtllc' frcqucncy spcctrum. Thus. 
although accurate mcxrurcmcnr c:ln hc m:~dc tn tlmc nr In frequency. rr cunnor tw ~rmulraneollrly 
m d c  in 60th hqvond u crrruir~ Irrrrr~ fC:~hor. 1946. pp. 331.132). 

Gahnr was ahlc to shc>w. matirc~nnt~c;~ll!;. that t l ~ i s  l i m ~ t  could h c  gvcn  formal cxprcssion 
hy He~senherg's unccnainty pnnctplc (Hc~scnhcrg had dcvel~rpcd h ~ s  marhcmat~cal formulation 
o f  uncenainty to define the discrctc unltb t ~ f  cncrgy. qrcur~ru. rm~ t t cd  hy suh:~tc,m~c radtalion). 
In  11s rtgorous f11rm thc unccnalnty relal l~m ib given as AI AJ r 4, wlllcll states that r (timc) and 
/(frequency) cnnnnt he s~multanc~~usly dctincd i n  ex;~ct terms. h u ~  ctnl!. with ;I I;tutudc o f  greater 
than or equal to one-half in the prtlduct o f  t l~eir  unccna~ntics. Slncc ccn:ltnly Gin he (rhtalned 
only hy minimizing unccnainty trn h u h  ct~lrdinates. thc mrnrnrlrm meu.ruremenr II~ the signal in 
time and frequency IS A1 A/= 4. which dctines an elemcnrurv unrr ~rJrn/r,rmurion (Gahor. 1946. 
pp. 431437). 

This unll o f  inl'~lrrnatla~n hmlr mlnlmlzc.; uncrn;llnty ;lnu pntvldca thc maximally efficient 
dcscr~ption o f  ctvnmunicaucln (the minimum sp:~cc nr umc of trilnsmlssion crcupied hy the signal 
that sti l l  mainta~ned the l idc l~ ty  crt ~clcphtbn~c ctrrnmun~c:~t~on). C:thcrr c:~llcd h ~ s  unit of optimal 
efficiency a lo.con. or ;I quanrrrm I J /  rn/ornrurir)n (illustrated In thc mlddlc ~ r f  Fig. 11.21, and 
showed that the si?._nal th;ll occupies 1111s nl in~lnum :Ire:l "is thc m ~ l d u l ; ~ t i ~ ~ n  product of a harmonic 
oscillation of  any frequency will1 a pulsc in the t't~rm ot'a prtrh:~hillty lunctilrn" (Gahor. 1946, p. 



135). This fundamenial unit of inl<~rrnni~lm is a sinusllid v:~r~:~hly unnstralnrd by spocr-iimc 
cnc.rdlnatrs: il differs from Sh:~nnon's unll nl' i n l ~ ~ n n i ~ o n .  ~ h c  h~n;~ry dig11 (BIT). which is a 
Borllran choice heiwcen sl~ernativrs fPrihr;tm. 1'491. p. 3). 

Fig. 212. (relb) Lun~tr nl rcmtrunrnt Ittrasurrntrnl oi lltllr ( I )  ilond I I C ~ Y C I ~ V V  (n O I  .a s~ptill. (MLIJIcI 
R I . ~ ~ ~ ~ ~ ~ I . ~ I O C ~ I ~  nl a slp~:al h! Ingnotr. (&BII~WUI RCPCK~~I:III~W~ 1,i i t t ~  *r\.t.rl.ls '11 1 r 9 - t t s .  (Frortl Cahnr. IP*. 

Figs. 1.3 a t d  1.7. Ada~stctJ \VIIIL ,>c~r~st~\\nut.i 
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A final pnrnt concerns :In lmpt>nant ~mplicat~trn r ~ i  the use tjf these mathematics for the 
role o f  cnusaltty In communlcalton rnv{rlving these clcmentary units or' iniormation. Bec3IJse 

l o ~ c n s  arc ncrt drscrcte units huc atecur as ,~vcrlapp~ng slnusoids. each wr:~pped In a Gaussian 
prohahtlrtv envclupe (illustrated In thc hcrtt~rm of Fig. 31.1). c:~ch I[>g(rn cirntalns. i n  Gabor's 
words. an 'overlap (wlthl the tuture." This 1s a result ,)tuning time :IS one elf the Imeasurcmentl 
dimensions bccnuse "the pnncrplc <nt cnusalrty requires that ;tnv qunnuty at an epoch I can depend 
oniv on data helong~ng to cp~ichs carlrcr than r .  ... In tact. srrtcl cul~sulily uxufs onlv in [he ' l ime 
lan,quuge'* (Gahor. 1946, p. 137: our cmphxsis). What IS elf specl:~l Interest here 1s the extent 
to whlch this nverlnp iin~eriercncct among Ic>$c>ns yields n ccrmmunlcntlve system In which the 
dnla rn succeeding logons IS contatned. i n  a nontr~v~:ll way. in the Ic~gons that prcccded them: In 
other words. that ~ntormaunn ahcrut the "future" order IS entolded into thc elementary uniu of 
~niormauon he~ng prnccsscd in the "present" (see Bradley. IVVh. for mtlre on this). 

The Gahnr elementar). iunctlnn. as i t  IS often referred to. has hccn round to characterize 
pcrccptual proces..lng In the ccrehral c t m e  (see Prihram. IVVI. tor a review). I t  is. thrretbrc. 
an :~lternative unlt tor hlctlrsg~cal intirrm:~trc>n prt~cr is ing 10 Sh;~nnctn's (lV4V) unrt o f  informallon. 
the BIT. .More<rvcr. two prcvit,us findlnf.; f n ~ m  the sucl:~l c(rllcccrvcs exnmlncd i n  this study 
document an lrrdcr of communic:~tion that dcres ncrt seem descrih;rhlc within the terms of 
Shannon's concept hut appear.% more readily understtu,d wlthin G;~hor's terms. One is 3 

hc>lngraplr~c-like order In which inhrrmat~t>n ahout tlle ~rrganizat~c>n of the ct~llectrvc zs a whole 
wx? tound to he distrihutcd as a nunl<lc;llizcd order to all individuals. and the sea~nd is that this 
order w m  found In he consrralncd hy a system of  hrcnrchical rclaticms (see Bradley, 19R7. Chs. 
H and 9, respect~vcly). 

Ti) summarize (Fig. '1.3). two very different modes o f  organlzatfon characterizc the 
h~crarchical and hctrrarch~cal ~,peortlg)ns nf relnlrt,ns w i t h~n  the ccrllect~ve. Because individuals 
are xsvmmetncally ci~nnectcd In the 1iieraruhic:ll order. the system of  contmls opentes 
different~ally on the collect~ve'~; memkrs. h ~ t h  wrlh respect to their panicular socio-spntial 
Icratton as well as with respect tcr :rcru:~lizat~un during pan~cular frames of ttme. By contrast. 
the symmetric hcrnds of the hcterarchical order indicate that individu;lls :Ire essentially equivalent 
i n  terms o f  the pattern I I ~  distrihutrcln crf tlux within this cndi~genc~us field. As this field is an 
energy field. it lics withtn the spcctnl domain (energy is me:~sured in terms o f  frequencv times 
Planck's constant) and is related to space and time hy way o f  a transionnation (the Fourier 
tnnsicrnn~. 

The trperaurrn t>f hierarchical cc>ntnlls on the hererarchicnl d is t r ihu t~~~n o f  flux gcncrates 
a moment-hy-mcrment - qwnltzcd - dcscriptitrn o f  the collcatvc in terms of both structure 
(spatial-tempnnl pcrsition) and tlux (frequencies cr i  rrscillation elf unfedding relations). By 
providing, thus. a succession o f  de%crtpttonr within sp;~ce-time and spcctral coordinatrs, quantum- 
like Cahcrr untu t i t  rninrmatlcrn ;rre utnslructcd and a~mmunicatcd. via a holographic-like 
pnxcs.;. thrcrughc,ut the collective. These un i~ r  o f  ~niormation characterize thc endogenous order 
a$ it cvolves in a ccwtinuing sertcs crf interscuc,ns. Bccause each unit of iniormation overlaps 
with the unit that succeeds 11. tach onit cxmtains init~rmatic~n ahjut the future (potential) order 
of the colleaive. However, whenever there is :tn imhnlancc hetween the amcrunt crf distribution 
crf tlux and the amount oic~mrrc~l.  the ~Tficicnt clpcratic~n o f  the cr~llcctive hecomes impaired and 
the prclhahility (if inslahilily IS ~ncre:bcd. This. imp:tirmcnt 1s due 111 what Ashhy (1956) 
charactcrtzcs ns the neccsslty hir 'requisite v:rrlety." 
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The data wcre gathered iwer ;I dec:lde ;1g1 :IS p:lrt of':! n:~t~c*nw~dc Ionglrudinal field study 
uf h(l urhan communes (L~hlclcki. 1OXll): ;I ct~mmune w;a c~pec~t~c>nally defined a% a min~mum 
of thrcc fnmilies. or five non-hltrd-rel:~tcd adults (persons aged I5  yc:~rs tir older), who shared. 
to some degree, common gccrgraphical 'location. vo lunta~ mcmhemhip. economic interdepen- 
dence. and some program c>f cnmmnn cntcrprlsc. usually spiritual. social-psycholi>gica1. politccnl. 
cultunl. or some combination nf thc.x (Bradley. 19x7. p. 14). Strat~ficd (in a number of basic 
social characteristics. and snmplcd in equal numhcrs fmm six Standard Metropolitan Statistical 
Area3 (Atlanta, Boston. Hc9ustcin. LIS hngelcs. Minneapolis-Saint Paul. and New York). various 
formal and informal methcds were used tct study ihr o~mmunc.. . Datn I r tm 57 communes are 
used in this repcm: three ct>mmunc.s from the origin:ll s;~mplc wcre mvt included .u membenh~p 
in these gmups wns nor completely vc~lunt:lry (for more detail on thc methcds and sample of the 
orisinn1 study, see Zahlwki. 19)iO. 5( Bradley. l'Jfi7). 

In terms o f  the sample's utcinl chnr:~ctrri>tim (T:~hle 21.1) at the time of the first wave 
of d:11a collection (the summer cif 1974). the c~immunes n n p d  in size from 5 to 35 permanent 
adult memhen (mean size = 10 memhers) ;~nd had hcen in cxtstence from 3 months to 9 yens 
(mean commune aSe = 3 years). A tt>tal 14 566 adults ( I S  years and older; mean nge = 25 
years). with slightly more men than women. were rrsiding in the ce~mmuncs: melst had never 
hcen mamed. Being n generally well-cduc:~tcd pc>pul:~ti~>n. must reponed working at a full-time 
white collar or professional juh. In terms of ulcial t'rganiz;~ti~,n. the communes covered a wide 
spectrum of cultural values and included Clir~stian religious. E;~stcrn rcligic~us. personal growth. 
family. countercultural. ;tnd political idenlogies. Mcht cr~mmuncs h;~d special requirements for 
memhenhip. and most alstr had inarrpc~r:~ted elements i i f  fi?rm:tl organiznticin into their social 
structure (e.~.. chcrre n>tatlnn. maniI:~tt~w mlcs. piwtlons ut' leadership and of'ticc. decision- 
making prncedures. gnlup ritu:lls ctc.) 



nc ilriIow~r,g ul nl otcm\ I* Ircm ' p g r  I ~ ~ C U '  ..I I ~ C  'Rcl:,!hnnrn,p Ouc,~nmn.u!ru' (ur. 8r:,lilcr. 14wll. lor lhc complclr 
,nsnrumcnll .tnJ 6% the usurcc ,?I rnt8.8 8 3 1  nhc rcl.ttnssn;ti &,I:, 8r:dJcv cnlpitlwd tn ha\ .IUJV. E.Ic~ rcsp"nJcn1 rccclvcd 3 
q~~.$~,,nn:~~rc wulh mull$plc arpaer *,I "pspc ~ h r c c '  ~ n e r t c l r  tn 8 1  - 1-nc p : ' ~  1'91 c:ch ~slhcr :~Jull rc*dcnl. h r c z v d c n l  
10 .r cornrnunc w ~ h  a pspui.annn 3x1 nlnc. 1t9r cr.tml*lc. utwlJ rcrczvc :I qucs~tt~nn:tnrc w81h clgh~ p . 8 ~ ~  Ihrcc,. Encn ~ f l h r s ~  
FF th rco  h,J m e  u i  ~ h c  ,wmmunc mcmh-n' n;nma. t \ 'Fd  an 3, mp ,c.E.. 771,. rncct I. .ah*ul 7. 

Bv cl~mplellnglhls q u ~ l l l ~ * n n ~ t r c .  C:IC~ t c ~ p s n l ~ n l  w ~ n b c d  tnltWmi8lst~n ~ ~ ~ ~ c m i $ l # c i ~ l I ?  Jcsrvhtng h,*thcr rC:llll~3n'(llhlp wllh 
czch r l i  the orhrr mrmhet. ni  lhclr rt?mnlunv. 

J .  Thm rhcel IS ahnuf 
a. H.~W long have you known tne ~iu,vc n:tmcJ pou)n! 

Yean  - Hnnlh. - 
b. In your mm word* hrtclly ch;rr;n-lcrwr ~ h c  ch.ngrr unMh h:tvc nr-tuncd tn yvur unnque rrl;sl~nn.htp wnlh lhlr  p c M n  

1. r rcllnw cpmmunc mcmkr  over thr 1.m1 luclvc rntlnlh\ or. t I  Ic,,. lor thc Ilmc ytsu havc k n o w  cach olhel. 

d. II you hsppcn In knnw ,I. u;ltr u-n:,~ rlml 01 w a x  lhlvherl ~:,lhcr JsJ u n ~ l c  rhc pcmm n;lmcJ ~ h w c  w:u\ g w l n g  
UP. 

c. Evcn ~ h c  m r r l  equ;d 01 r c i > t w n ~ h ~ -  rrneltna, knr p w c t  clrmcn~ ~nr~sh~cd.  H*,wcvct tn.~yal#c;#n~ $1 may he in 

your rch l~omhlp  wtlh lhls (vrum. a n k h  ('I !ISY J,I ~ I ' U  think h#nlJ, Ihc gcillcf ilnllwnl 1.1 PIVCr In )IOU, 
rcI~tuon\h~p! 

Wnrk logclhcr Y,, - Nts - Snrncllmcl - 
Spcnd ircc lfmc Ic,grhcr y,, - 31s - S~~melurncs - 
H i d  ch,lJrcn Inglncr Yc\ - No - Sc~mcl#mn - 
S l n p  lngclhrr Yc, - N o  - S<~mcl lmo - 
t n t i k  In ocn tither Yc, - NI. - St,mcttmu - 
b ~ n g  Yc, - No - L~rncltmcr - 
t n l ~ n g  y,, -30 - Somc~#rncs - 
Avkwad YCS - Nc? Somcl~rncs - 
Feel clme to u c h  suhcr Yc, - Nat - L~mcl lmer  - 
Tnrv Yc, - No - L~mcl8mm - 
Jcsknn YFI - Ntl - Stmclnnu _ 
Agct  m u$mmunsl pllbcy Ycs - No - L>mcl imu - 
Fccl c.anngcd lnrm c;wh s-lhcr Yc, - Nn - S > m a ~ m n  - 
tplcv l i vc  Yc, - N ~ I  - Svmcrtrnc~ 

Hateful Yc, -No  - knnclnmcs - 
lmpmrlng Yes - N ~ I  - t n n r l l m c l  - 
Scxv=l Ye, - NU - Snmcl~mcr - 

h. D o  )mu fct l  lhnl lhc trvnall rcl:$l~tln~h,pl*.luucn lhr s r n ,  a d  yvu I. more tmpwlanl 1'1 ylru. tn 41% you icci 81 BS mart 
o m p u s  l o  ~ h c  .bh,ve s,mvJ pcmw! 

- Mort rrnp,n:lnl 11) gnu - M-src tmp-n:ml 11, homrhe, 

i. In your rcl>lm\htp wtlh lhm pcw.". &<I hcMc CYH icI 1%) ?IW :I* J 1;llh~r (3 ,  mtlthcf, w\tcr Or hrolher. wn Or 
bughlcr. ur m+nc n( I~CXP! 



big. 21.4. Ht,llnnd and L h n l ~ i ~ r d ~ ' .  Ih i ~ ~ ~ ~ ~ ~ ~ ~ r p l ~ ~ ~ .  ltti~J 1!1ws: 1111. Ih i ~ ~ ~ ~ ~ ~ a t r l ~ l ~ i \ r ~ ~  CI~S.= lor diqmphs wulb 
E = 3 (lhac a. the Irlad lylw>). Triad l*h.lao#?: ~~IIIVCIIIIIIII: l l t c  linl Jtgil LI IIIC I ~ U I I ~ ~ I  nl IIIUIUII dyads: Lhe 
rccnnd digit rt l l lc  ttutl~hrr ~ 1 '  asyttlttsrtrlr dyi ld~: 1111. lhlrJ dig81 I) I ~ C  ttuttthcr 111 IIUII Jvads: lratlit~s lencrr 
lurlhcr diflercnl~alc a#tu*ltg Ihc lrwd Iv(*.s. Fuur \ybtnt(n.trrc lriad ly~w, (utahrok~.~~ t.trcIc) WCIC Y Y ~  in Ihc 

struclunl attalyra o l  llux relill~~at, and srvctt arya~tntctra~. lrwd l y l u  (hmkcs rlrrlc) wctc uwd in thc a t ~ a l v s u  
nlcnatrnl rclarnnts: Ibc 'va<unur' lYI.1 lrud w z ~  uard la Ir*lh aonl?wa. Fn,at Hollr~td and Lca~l~anlt (1976. ' 

p. 6. Fig. 2. Ahpied w~l l j  ~r.nats\iott.) 

The triad types are distinguished f r ~ m  onr anllthrr structur:illy hy their cornpsil ion in 
terms o f  three kinds o f  dyads: mu~u;tl dyads (M). i n  which a symmetric rclaurtn connects the two 
indiv~duals: asymmetric dyads (A). involving an ordered or directed relalitm hcnvccn the two; 
and null dyads (N). in which there is ntl relation hetween the twt,. Hence each triad type can be 
uniquely identified and laheled i n  terms of its dyadic c~rmpcaition. For example. the 012 tnad 
(see Fig. 21.4) has no mutual relations. tinr usymmctric relatliln. and two null relations. 

Of  the I6 mad types. 3 are symmetrtc i n  Rlrm in that they arc cc*mpcsed exclusively of  
positively reciprwa~cd dyads (see Fig. 11.1: the l(12. 1111. and 300 tri:ld types. enclosed by a 
solid circle). Agrcgntcd ncmss the "lovln;." " itnprt~ving." and "cxciting" relatic>m. !he mean 
sum o f  these three triads as a prtymmit~n t i t  nil pwsihle triads in n cctmrnunc was used ro measure 
the amount of flux. A har ;rap11 in Fig. 21.5 phits the results clt' this prc~cdure 2nd shows a 
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pcrsitivelv skewed distrlhuuc,n itlr IIIC ~ne:~sure tlux I me:~n sum = 62'). standard devlat~on [SD] 
= ,196). 

Seven other triad types icnclcaed hy a hr~lkcn c~rcle In Fig. 21.4) are composed 
cxclus~vcly o f  srvmmelnc dyadh. Bnhed on ~he l r  succcssiul use In previous analyses (Bmdley. 
1987; Bradley & Rohens. I9XVal. three I I~ these tr~ad types (the 021C. the 021D. and the 030T. 
summed and expressed rn the prciponton ~ l f  all pc?ss~hle triads) were used to measure the amount 
o f  control. Aggrcgaled for "ptiwcr" rela~ions. thc three tnad types const~tuted just over half 
(.ZTr)), on average. of all p~,ssihle tri;~ds ~ r i  contrul 1n the communes. A bar graph o f  the result 
for all communes is shown In Fig. '1.5 in which a tl:~[ter distnhuucrn is'cvident (mean sum = 
.5111. SD = 218). The mean results of the triadic iensus for all communes for symmetric 
relatilms o f  flux and the :~symme~ric relations ( i f  c o n ~ r ~ l l  are provided in the Appendix. 

Srohiliry. thc degree lo whlch [he collccuve is nhlc to mnlnrnln ~ tsc l f  ns an cndurin!. self- 
sustain~ng cntlty. wns me:tsured hy :I cnmniune's suwiv:~l  itatus nt a specitic moment In time. 
CI:~s.*~ried into one 1 1 i  IWI, c.:~~egt~r~c.\. ,rrrt?rrtr or norr.~rrrrrrr,r.. c:lch ct>mmune'c stability was 
dcterm~ned at cnch 4 1 i  lhc hsur succcss~vc 12 month intervals rh:~l ~~hscw;~t ions were collected; 
Time 0 1s the pmnt In lime wlien a sc>mmune W: I~  t i~undcd :lnd Time I is moment o i  [he first 
wave o f  data collectinn (August 1071). St;~rt~ng with Time I. me:auremcnt o f  each commune's 
stah~lilv Isurv~vnl status) wxs ~n:lde nt I l - ~ n t - n ~ h  intcn.als hlr thc iucceeding 4 years. that is. 
through Time 3. Twenty-two (48%) o f  the 46 communes \urv~vcd the 48-mcinth ohsewation 
perl~d. A pattern of declin~ng in\tahtllry lwer tllnc w:15 oh\cwcd. rrum .?lob hy the end o i  the 
t i n t  12 months. 31 Time 1. 111 SEb :liter hl) ~nt~ntli.\. :it Time 5 (ace ~ppcnd ix l . '  

5. E>IPIRIC.AL ANALYSES 

Ttsrtng the t h e o ~  entniled :In annlyc~s 111 determine the dcgree 111 which the ohserved 
patterns n f  commune hehavlcv with respect tlr our mr:aures I I ~  tlux. cr~ntrnl. :tnd stability were 
consistent with the expected patterns. Among other techniquch. a spatla1 representation o f  the 
data w.u derived ;LF the theory rests on a field-the~tretic crmcept cjf energy -a conceptualization 
of the collect~ve's potcnt~al i ~ r r  :Ictlon as :In cnd~,genc~us jield of  h t (~s~~c i :~ l  energy that operates 
along twc~ dimensions: an un~~rdered dimens~t~n n i  cqrrr-valenr. symme[r~cal relnt i t~m (flux); and 
an tmdcrcd dimensl~in oi(transilive) :Ibymnlctrlc relnti~~nsdiflcrentiated hy spa~~c~tempcirnl position 
(cnntrnl). 

'A l~htn~~h ~hc rncnnwalrr n t ~ ~ c J  in  grt~ult r S r  tra,1,1 3 III~M*I~> Itr V V C ~ D  41 T~II~C I. lherc is l i l l l c  evdcncc 
lhat - ~ n t d  cflcnr" (Jill'errnrn 11, grnu(, act a1 lhr lint*. dala L(II/PL.IIIIII L<IIIIIOCSLCJ) cx j l l a~ t t  Ihe varuhilily in 
rurv~vrl srrlur. D~viding Ihr unqllr inlat "yt-utts" ( 2  or It.>* ycan: .V = 23) ~IIJ "AJ" ( tnc~ru lhatt ? "can; .V = 23) 
calcsrnlcs 8 3 1  group agr rt Ti#nc I. .IIIJ CI~~\~-I~IIUIIIOII~ IIIRC clil-ilica~*a*etr hv >u~ivaI  rtatub g r~uvd  ill lhrcc 
calrSwto {dis\nlvrd hy Timr ? '31 Timr I: .V = 17: d~\urlurJ I 8 8  Timr 4 or Tittle 5 .  ,V n 7: %uNivcd hcynnd Tilnc 
5 :  N = 12) rhow\ noncarslcsl (ll'.() In a~<dr\l 1 1  2'.i I ~ut~u~rlrU~l~~allv \ignalin~tl dil l&.r~~t~xs ~IWCCI I  I ~ C  "youn~" a114 
"~IIJ" &-al r~ocics nl'mntnwncs (rh-uluarr rur.lliviren1 wnlla lwa, J r ~ r r o  1-1 lr~rJt-#n = I.2hll. ~ r .  = 533).  



Distribution of Flax at Tie 1 

Distribution of Control nt Tie 1 
M C c e r r n - Y )  

+i~. 215.  Bar rhrns shawtnts VIIIIIIIIUIIC diblrlhu11(111 lllr IIUX and (xnu~rt~l a t  Tintc I 
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0 2 .4 .a .a l a  

P L U X  

Thccirettcally. i t  w;~s cxprc~cd ~hnt  :In ctticlent cr~mnlun~caticm prc~cessing ncrwork 
requlred a ccna~n amount ~gf tlux In inrernctte>n with :I cenaln :tmount trt ctrntrcrl. and that the 
tendency toward l es t  action wctuld result in ;In ~ncre:tstnglv clcrser .ccirrespcindencr in theft 
respective values at higher m:tgnitudes elf tlux. This IS hec:tu>c there wc>uld he an incresed risk 
o f  turbulence. resulting fmm undue Jisslpntictn rrf kinetic energy. when the conversion of 
potential to kinetic cnergy is enhanced at higher levels c>f tlux. Dale hearing on the nlnt~onship 
hetwecn flux and contrnl are sherun in the rcatterplrtt i n  Fig. 21.h. I n  accordance with the 
dimensionality o f  cwr concepts of tlux and ct~ntrcrl. the mensure o f  ~.lrntrcd is the v e n i c ~ l  ordinate 
and that fnr flux is the horizc>ntal trrdinatc. I t  can hc sern th:tt t l ~ e  null hypt,thesis - an equal 
or random distrihuticln crf gruups elver all Ic~;ltions i n  thc cndt>pnr~us ticld -dews nert hold. and 
that the low nomignitican~ corrclatictn (Pearscm's r = . I I ;  pr. > r. ,431 nctunlly mnsb  a nonlinear 
ssctci~tion. Morenvcr. with the exccptiern & t i  tivc tjutlying ca..c\ (hc~l l t~w do~c i n  Fig. 21.6). the 
ohserved pattern -a triangular diar ihu~ion with :I wide h:se and lo apex i n  the high-flux~high- 
contrnl region (upper right qundrnnr) - is consistent with the theerr).. Thus. there is an ahscncc 
(with one cxccptlon) o f  communes i n  the I11gh-tlux~lt>w-ccjntrerl regicnn (luwcr right qu;~drsnt), an 
absence in the low-tlux~high-ccrntrc~l regttrn (upper Ieit quadrant). and (with two exceptions) an 
ahsence o f  communes in the Icw- tlux/lc~w-ctrntnrl reglcrn (Itrwer left quadrant). 

In addition tcr the relntivc ;trnc*unts crf tlux ;tnd cetntnrl invc~lvod, thee~rcticnlly it was 
cxprdcd that there alscr w;s a limit c*n the rntul un~r, lu~~ o f  inferrmatictn proccssrd hy a collective 
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in a given unlt o i  space nr ume. Thus. when the Intal nmounr n i  inil,rmauon c~ceeds the 
processing capactty o i  the summunic:~tlon hvstem. it IS pr~~cesscd :a 'nc~~se" and resulu in 
uwynchronlzcd act~on with a h i ~ h  likelihtxd : ~ f  turhulrnce :~nd inslahilily; on the cithcr hand. 
when the total amount of inhwmation is inxufficlent ti1 ulnvcy. current descr~ptions o f  the ever- 
evolving endogenous order. collect~ve acthrn wi l l  he Iargcly un~ntcirmed and ineffective. with 
dissolution a likely rcsult. 

A mesure oi the ttrtal :Imuunt r~l ' inf~~rmi~t l rrn prncessed hv a collecr~ve nt a gven moment 
in lime was computed hy summing :~nd :Iver:lg!nc. l i ~ r  each commune. the total for flux and 
contnll at Time I (.mean ior all comlnunes = .56V. mcdi:ln = ,553. nnd SD = ,155'1. The values 

' 
for all communes were ~r l tupcd Inltl . I 0  intervals 2nd. hcild~ng lhesc values on th~s messure 
constant at Time 1. the sample was p:~n~titlned hy .;urvivnl status 2nd the Jistrihution nisurv~vors 
and nunsuw~vors was pllrtted nn a time scries o fh :~ r  ch:lrts at 13.mt1nth in~ervais, that IS, from 
Time 2 through Time 5 (see Fig. 31.n. 

Exam~n~ng the pattern 11i  results i n  Fig. 21.7. I~I ,  things stand nut. First. the distrihutron 
hir the Intal amount ( t i  inhlrm:tti~~n t'or :)I1 cummune?; ; ~ t  Time I IS hell-sltnpcd w ~ t h  67% t i l l ing 
within one standard deviaticin 11i ellher .ride a , i  tlie rnc:tn. Sccrmd. this hcll-<hnped dislrihuuon 
gradually devolves over time intc* nrr, r,mtru.wn&' pcrrterns th:~t :[re vlnu;llly the rnversc of each 
other hy Time 5 :  a stngle-peaked dis~r ihu~i l ln ior the 33 survivurs with 11s mcde (9 ca~es. 11%) 
i n  tlrc .5(Kb.599 interval: :I h i -~n t~d :~ l  distr~hutt~w ibr the twenty-four n~>nsurvivc~rs w ~ l h  ~LS 

trough (2 cnscs. 8%) in the .5IML.S')'4 interv:~l :tnd 11s twln pc:~ks (6 szses (35%) cnch) in the 
tw11 :~djacent ~ntervals t ~ f  .1 I I lL .40~1 :~nd .hlWL.lrV'I. Th~s  diltcrcncc In surviv:~l rates hctwecn 
the grnupsin ,500-,599 interv:~l :lnd the tlthcr grrwps ltursidc this r:lngc IS s~atistrc;~lly significant 
(chi-square = 6.695. pr. = .OIO). 

Taken to~cthcr. these twit p:ltterns ;!ppc:lr n! m:~rk thc h~#unrl.s I I ~  a rrgllln where the 
prohahility nf  stability IS m:~xim~zed. that IS In llre .5(N&.5YV tnrervnl. SII that although. in l h ~ s  
interval. the rate of inslahilily for ;III a>mrnunes is I<~ucst ( ISFt. 2 c + i  I I gnwps). rt rise sharply 
In the adjo~ning intervals: 60%. h ,sf 111 groups in the cnch O i  the .4lllL.4OY and .6-,699 
intervals; 75%. three [if iour grtwps in e:~ch o f  tlic .30ll-.3YV. .71HI-,799. and .R(K)--,899 
intervals. When computed i i v  the cummuneb in tl~exc :tdj<$in~ng interv:~ls n[ Time I. the rate u f  
instnhility hy Time 5 inr these tw~ r  sets 1 3 i  inlerv;~ls is 6370 (~WCJVC of ninctccn gmups at .MK) 
and ahove, and [en of sixteen groups :1t .WY :lnd hel~tw), which is significantly different than !he 
18% for the eleven goups in tlic .SlWl-.FUV ~nterv:~l (chi-squ:~re r h.Y(th. pr. = .1)35). Thus i t  
would appear that the trt~al amclunt of infnrm;~tic~n in thc inrerv:~ls atv~ve 399  was excessive in 
terms o f  i n i oma t i~m prc~essing cap;lcicy. whcrc:~r the ;Imnunt c ~ f  inhtrmntic~n i n  the intervals 
hclow .SlHl was insulficient to sust:lln a vi;~hlc c~~llcctive. 

Two further interrelated lhct>retical cxpcct:luons were invcstl~nted. The tin1 of these 
that there would,he rrstr~ctit,ns on the rc1ultr.c ;Imt,tlnls ut' t lur and con~rtll involved In 

communication -that there wrwld hc h ~ h  :I bwcr  :lnd an tl lrlxr limit ttn the amounu o f  each 
o f  these proccsvd hy an ~ i t ' c c t i v ~  cc~ l lec t~v~.  Cu~nhin:ltlc~ns ,~i tlux and a~nrro l  that fall outside 
the l im i~c  were expected I~I rwult in c~~l lect ive dysfunctilm. The second cxprcmtit~n, for 
cnllcuives openting within these limtts. w;r, th:~t the displnttion o f  [he c~~ l l ea i ve  at a future 
moment wnuld he onfitlded in [he ~ni l>rrn:~t i~ln prtwcxscd hy the c~rmmunic~tive slmcture in the 
present. This follows frcrm the ttvcrl;lp :tmt)n: these Iogtn-likc clemenl;~ry un i~s  o f  informallon 
hy means u f  which the present tjrder 1s ot-li~rmed (g~ven shap to) hy the order ~mpl ic i t  i n  the 



N m w ~ r o n .  lim 2 
IN.111 

Noruuw~*on. l ime 5 .- (ti = 24) 

Total Amount of Information. Time I 

f ig .  21.7. Bar chans rluwing J ~ \ l r ~ l ~ t ~ l ~ t ~ ~ ~  14 1'111111111111(.\ 1411 b s q l i ~ l  i l t ~ , t * t l ~ t l  191 ~ t a l u r t t a i l ~ t n ~ n  31 T ~ I I ~ C  I hy 
u r v ~ v r l  slang\ a1 Toonr 2 ll~rawgll Twr  5 .  
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hcrles of succced~ng moments I r c c  Br;ldfc!. IV')6). Thu*. cnmhtn:it~~rns n f  l lux and cr>nt r~ l  w i t h~n  
the limits at a given m<rmcnt wcrc cxpectcd to yield :In incrc:~hcd pvtentl;~l for cffrcuve actlon 
In succeedlng moments. 

Figure 21.8 prehcnts :I tlmc->crlc.h of ~ c a t ~ e r p l ~ ~ t s  \ht)w~ng thc rel;~t~onsh~p bctwccn [lux 
and control at Time 1 to stahility ;it Timc 3 and ;II Time )-In other wnrds, the rclnt~onship 
hetween thc cornpsilion (in terms of tlux and cnntnd) n f  the infnrmaticrn provided hy a 
collenlve's cornrnunlcallon system :I! a pvcn po~nt in time. and thc stahil~ty v f  the'collect~vc at 
two suucssivr moments in tlic tuture. The scatlerpltr: on the b r  lch-hand sidc is for all 
communes plotted hy their valucs for flux (h~lrlzontal trrd~natc! and ccintrol (ven~cel ordinate) at 
Time 1, the first point of mcasurcment. Hnldin; thc values for each cmnmune on flux and 
control constant at Timc 1. thc scaticrpltrts foc Time 2 and Timc 3 are divided into a plot for 

I suwivun (top row of scatterplnts In Fig. 21.);) and n plot for ntrnsurvlvors fhottom row). This 
I provides a view of the relatlonrhip hetwecn init>rmnlit,n on the cndvgenous order at a given 

mclment in lime and ci~l lect~vc stahility ar t u ~ l v c  and ;it twenty-t'crur mtlnths Inter.' 
Slanlng with the h;tscfinc p:ttlcrn :II Time 1 icrr all cttmmunea. three related patterns 

hearme increasingly rvident as sutvlval st;~tu\ 15 plotted :I! Timc 2 :tnd Ttmc 3. Fitst. ~nstahility 
i tends In hc highest for p u p s  in t l i r  pcr~pltcrnl regions o f  t11e ticld - th:tt ia. for groups wlth 

the greatest imbalance hetween tlux ;~nd c~rntnrl. Second. with thc exccptlon [ i f  three stahlc 

j Zroups In the high-tluxih~gh-cttntc111 reginn. hurvlvtvh tend 10 itrnn :I triangular pattcrn wi lh most 
I groups clustered to:ethcr in t l lc niid-rcgit~n And ~hircl. that I~\C:I I I~~ ~n !hi.; m~d-region at T imr  

I 1 is strongly rclntcd 11, surv~v;~l ;II T~n i c  3. 2.1 m~lnthr Inlo thc future. What IS most striking 

! ahjut thc results i \  that thc p;lttcrn for s u n ~ v c ~ n  th \,~nu;illy thr cc\mplemcnt of that for 

I nonsuwivlrrs: rhcrc rr o complerc uhwncr t,/ trfm.\ru.rnor.v m rhe mrd-rcprnn wncrc rhc prcorcsr 

! conccntraiton o/ survivors IS oh\o.~.r.d. 

I h o k i n g  mtirc closely at tlrc pattern iilr thc 17 nonsurvlvtrn. two h;lnds of' instahifit!. 
hecome clearly apparent hy Timc 3: the upper hand o f  12 (71%) nt~nsurviv~~m. marks a reginn 
of high tnstahility: thc lower hand l't~rmed hy tla otllcr 5 m$niurvlvt,n. appran to define n Inu.cr 
hound to the region of stahil~ty. In sllort. t l tc twc, h:lnds of' ~nstnhility seem to distinguish 
hncticmal from dyshncttonal cc~mh~nat~tin* t>f llux ;~nd control. 

To lest the veraciiy (if 1111s intcrpretnt~~w. we divided the full s:lmple oI' communes into 
stable and unstahlc sets such that  lie pr~)h;~hility ~~f 'survival  was m;~x~mtzrd h r  thc f~rrmcr while 
hetng rn~nirnizcd for the laner. 0per:ititm:tlly. thi* cnt;~ilrd estahltshing p:lnitions that would 
mark the upper and lower ht~und.; 111 the rcgit~n wlicrc st:~hility IS t~ptimized. 

The hnundary cif thc Iowrr h ~ u n d  u.ns cst;~hlished hy thc tour communes (sec thc 
scatterplot for nonsuwlvon. Timc 3. Fig. 2I.K) \tn a line i n  the Itrwcr hand crf instability 
onhogonal to the low-flux-low ccrntrolihigh-tlux-higli c[rntrol ;!xis. A tcrtal o f  six communes wns 
t>hserved tn this region. of which fivc ( K 3 t )  h:td hec~~me nonhunvvcrrs h!. Timc 3. For 

7 h r \  utnr wrurr nl U=IIC~~IIII\ IMI rtilIu111\ xviv. NII CIUI il(.rt~rh IIIC lull 1s 111111t111~ (a.c.. Tt~nc I l h r ~ u q h  Timr 
5 )  In, wbich nhrrrval~t*llr wrtt. ~.a>llr<~rJ 1111 1118. L.OIIIIIIYIII.,  TIIC I~~uII, I U ~  1111. IIRI 4 tolotblh~ 1t.c.. thrnugt! Tiwc 
3 a> sttt*wt, I, Ftg. 2l.S) SUggC\l lba\ ~r rcrz~~~~nhic ~n.rltJ uvr r  wltorl~ III ;IS.~~V~:~IC, ~urwnvat SI~IYS 10 ~CCUIIIUIIIC 
ctlnugh nottsurvlr8#lg car- IIIIIIIIUP~Y~~\ nl Tiloll. 3 i I 7  ~4.t.- I I 1 0  111,. a ~ ~ i l l y \ n .  t lw  \1'8111.r)lIt1l\ t0r Tiwc 4 a114 Tin>< 
5 l11n1 Jbl~tavrJl show r v d r t ~ r r  01 r Jt.trr~ttr~lnt#b 881 1111 -IIIC~IL,II(.L. lw\ \ r r -  1 9 1  1 1 1 ~  t n l n w t t n i l l v ~  I~~<BYII)uJ hy IIYX and 
ro~~lmt a1 Time I l o r  r~rhitoty Iwyot~J ?.I IIIII~SI~I\. 



cornparlson. the hasel~ne rate t l i  in.it:~hility twcr ill1 cnmmunes W;LS 372. 17 nunsurvlvors uut of 
J6 $roups. 

All Cornrnunos Survivorr Survtvor r 

F L U X  Nonsurv i rors  Nonrurvivora 

For a huundary markins the upper htund the rcglttn t,f m;lx~m:~l stability. there were 
t w ~  p~ssihilitics. The t in t  1s the line (unht*ytin:~l III tile :IXIS jus~ mentioned) established by the 
three communes :I[ the hotu>m t ~ f  the upper h:~nd n i  inhtilhility: thi\ IS m i  an t~ptirnal pan~tion 
hccnuse nlthough the prr>h:~hility c*f.uwiv:~l is m:~ximizcd I 1IH)'"o: there arc ntl nclnsurvivors) for 
the 15 groups in the area detined hy this l~ne :~nd tl ie lower ht,und. the prohahilit! o f  instnhility 
is not maximized t'nr the 25 yrnups ulnxsificd hy this line ;IS helonsiny 10 thc upper hand region 
of  insti~hility !nonsuwivon = 12 utlmnluncs. 48%). The 5ec11nd pohxihility IS the line (nnhogonal 
to the same axis) estahl~shed hy llle itlur nlmhurvlvtvs ~mmedi:~tcly :lhuvc the three communes. 
This scctlnd line meets our nv11 critrri:~ for :In L)PIIIII;II p;~nit~t~n. First, hetwecn tile lower hcrund 
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prnvidcs n rigorous mean% t,i v e r ~ f y ~ n ~  the rindin; 1h;lt. In rei;rt~lw tc! the rlthcr tactors cxarn~ned 
here. tlur measures t it '  tlux :lnd cc*ntrol pr~>v~dc the hrhl mc:ln:. t , i  prcdlctln$ up11m;ll ccillccllve 
action. 

F L U X .  Tim# 1 

To perform the discriminnnl analysis. the cnmmuncs were cl:lssitied tntn one of the three 
arcgnries of stability at Time 3 csrahlished alu~ve. 2s shown in Fig. 21.9: namely. locatton in Ihe 
upper reglon of  inslahilily (N = IS: .wrviv<,rs = h [.11101,) c~rmmuncs~: I~~eat i (~n in the srahle (mid) 
region (N = 25: survtvt>n = 22 [XXObJ ctrmrnuncs): nr loc:~tictn in thc lower resion of  instnbilit). 
(N = 6: survivors = I (17"bI communel. Fttr rhc purprl\cs c~ f  this :rn;~l).sis. wc will reirr In lhcse 
three grnuplngs of the ctvnmuner :IS rrrmr~ptmrul - ripper replan. o p ~ m ~ u l  - m i d  rc,clon. and 
nonr~piirnul - lonur rejiron. rcspecr~vcly. Along w ~ i l l  our mc;lsurcr t > i  tlux and conrrcrl. cighr 
soci~~log~cal vnri:thles with lirn~tsd misin;. J:II:I wcrc uscd ;L% ~ndcpendcnt vnri:thles for the 



OPTISIALITY IN  BIOSOCIAL COLLECTIVES 177 

stepwlse multivar~atr ;~naly.;~s. The unl\:lr!:lte I:IIIMICS (means. SDs. W i l b '  lomhda. and 

un~vnriate F rmo l  are zivcn In T:~hlc 21.3:1. 
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latent rclatlonsh~ps hctwccn our rncasurcx of tlux. CII~I~I,~. t~pt~rnaliry. and rhc other soc~olog~cal 
vartahlcs w t  cram~ncd is pan~cui:~rly n l>~ rw~>nhy .  tor II tlics In  the tact of  conventional 
soc lo lnpc~ l  theory (see Turner. Ivxh). T h ~ s  wtruld suggest thnt 11rc?t111n tn the rcglon of npt~rnal 
stahiltty may havc lu hasis In a di f fc~cnt Ioclc and dvnarntcs than that ernhndled by current 
soclnlngtul th~nktng (e.~.. Bun. tVV2: Cnlernan. IYVO; Whttc. 1992). It is toward an 
undcrstandlng of t hcu  dynrrnlcs and thctr irnplicatl~~ns that the tollcrwing discussion is directed. 

Dnwln: nn thc thc'xn :lnd cmpir lwl  result* prcacn~cd nhwc. ;I m ~ ~ d c l  of the cornmu- 
ni~711ve struuure of  thc cc~llcctivc W;IS omstruncd Iscc Fig. 21.10). In  thc tcnns n l  thts model. 
the cnrnrnunlcatlvc structure IS torrned hy thc Intcractltrn o i  n c t w t i r l  111 endogenous rclaIlOnS 
organmcd along twn d~rncns~<~ns in which rllc va luc~ n l l~~catcd  In  c ~ c h  dtrncns~~in deiine potnts 
w~thrn  a relauonal field (Br:~Jlcy .L Rt,hens. lLluV:~l. Thc v;lluch :~>cr~hcd t r ~  thc hnrlzontal 
d~rncnslnn represent flux. thc :tmcnunl trt ;tcttvatltrn or p~*tcnt~:t l  energy In :I s~~cl : l l  c~r l lcct~vc. The 
values ,ucrihcd to the vcntc;~l d~n~cnsitrn rcprc\cnc [ltc arntlunt r ~ t  cr~ntr<al fthc dcfrcc In which 
tndividurls are ~ntcrcnnncctcd h! n tr:lnsltrvc netwt>ri; I~~ ' IC~ : I I I~ I~SI  cxcrc~scd :tt that Itrcntlon. Thc 
cnrrdlnates rcprcscntlnz the d~rncns~~tnn h w n d  a ph;~rc spacc wlthln whlcn c:lch vaiuc reprcsenrc 
an arntlunl o f  tntonnntocm I In G:lh,r's tcrrnsl iIi:!r;~cicrlsl~c art l l lc ealrnniunlCIIIVe SlrUCIUrc o f  the 
~ ~ ~ I c L ~ I v c .  

Twn reg~onw\ f s~ah~ l i t y  can hc dist~ngu~.;hcJ w l t h~n  the ph:lrc sp:!cc. Thesc arc rcgi~lns 
associated with viahlc patterns trl gllrh:tl ctrn~rnun~cnt~tin. Thcy arc Iocntcd w~ th tn  a lnrger rcglon 
in which thc rnlnlrnurn valuer tnr gloh;tl cc*rnrnunlc:lro<ln :,re n<$t rncr SI, that varitrus forms of 
collerrive dysfunction resuli. 

A l l  rcpons arc heparaled trnm cach trtlicr. marked. In thc !em.; 01 nonlinear dvnamia. 
hy a phwc tnnsltnnn trorn psycl11m1,cinl ~naah i l i t ~c \  to [fnr-trt>rn-(pn!.sic;~l I-cquilihr~um] psycho- 
socl:~l stahil~t~es in crrl lc~?~ve t>rg:tnrz:lrllm iprignftnc 6: Stcngcrs. IVSA). f h c  rrginn of optlrnal 
functl~tn reprcxnts. thcrcl~~rc.  ;I uu ;~ l~~ :~ t i v c  cn:tnfc In psych~*\a~c~;~l  nrg:lnrzlucln. Thc ph.ue 
rnnsltton trnrn dy<tunct~on:~l 111 stahlc c ~ > l l c a ~ v c  iorrns (\vhlch I~CIUJCZ the arc:! herween the rwo 
stahlc regtons! IS dcscrihcd h! tlucru;~~lc~ns tn p*rcnt~:ll and cr,n~r~d that end in a polnl !!he 
hifurcart~m plilnt) whcrc thc paticrn\ 1 1 1  cncrgy :tctl\.:ttl((n and c x p c n d ~ t ~ ~ c  no Iongcr dlsstpate Into 
thc cnvtrnnmenl -no Iongcr avcr:tgc I>UI III cqu:ll thc cncrg!. I r r c l ~  111 the surround~ng context. 
h u ~  c~mlcscr tn c ~ s t a l l ~ z c  :IS :In cnierscnt st;~hic c~ i l l ccc~\~c  ~lrder. 7'8 Jet! tltc tendency toward 
entropy (dlsnrder), and suctain tlrr stnhlc r . ~~ l l c c t~vc  nrdcr. requlrcs rntnlrntzlnp thc tlucluattons 
hy linking the actl\:lt!#rn crl p,tcntlal I*, lltc ctmtrt~l t>pccllnm* h,n that thc cncrgy cxpcnd~turc o f  
all mcmherr. IS m-ttrrrncd In rel:tt~t>n III tltr CLIIICCIIVC~S actlttn. In  rhc d!*siunct~~~nal regton. the 
pattern.; of pc~tcnt~;~l and crm~ri i l  :#re r l ~ r r c l ~ \ r c  c ~ t l ~ e r  un:thlc III est;~hl~sh Iir un:~hlc I n  susraln stablt 
frrrmr (11 c ~ ~ l l c c t ~ v r  ttrg:lnlz:ltltrn. V:~luch Innv p,~tcnr~;~l :tnd luu  cnntrol (the ;Iten lnheled as 
in.r~rfic~enc\ In FIG. 11.1tI) t:~il I,, prttvidc slahii~ty hcc;tu\e. In :~Jdtltt~n lu rcuuirlng a ccnaln 
rnlntrnurn 01' ktnci~c cncrg). stnhillry :~iwg ~C~UIICI :I! IC~ISI :I rnrnlmum 1 1 1 '  d~rcctlnn glvcn to that 
encrg!. As shown :IIIOVC. t h ~ s  d~tect~t(n comcs rrvrn thr lntzractltrn hctwccn llux and control that 
an-forrn\ thc path\ hy wn~ch  ktnettc cncrgy I\ cxpcnded In :Icllon. Thuh. in t e n s  o f  thc dam 
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presented in Fig. 21.1. stahlc organtzatlt>n rcuulrcs horh a mlnlmum t l f  flux und a mlnimum of 
conlml: a nctwork of rcctpmc:ll eqltr-valent connccttons I~nking cvcry indiv~dual to at I c x l  one 
other pcrsnn: this connection must hc coupled 111 :I Iranbltlvc cnrderlny elf asymmetric relations 
l~nktn; thc action of each individu;ll 113 that 01 at Ic:al cnc cilhrr pcmon. Failing to meet these 
minima, a collec~~ve would dcvtilvc lntnr n Icxac ;~ggrcga~~nn 111. dls~f~inted cliques and isolalcd 
individuals unahle 10 communicate and. consequently, funolun as a v r i a l  collectlvc. 

KEY 

vmbb - 
5prm, 

LDI nok 
... FU~C(IONI FLUX 

n o  
S t M .  -+. 

Tw0 other cumhln:lllatn\ nrc ;IISI~ ahntwn 11' praduct. ~n.i:i~hili~).. Ccxiru~natc valucs 

rcprescnung h~gh ccintrol :~nd I t ~ u  tlux (I:~hcllcJ u , . ~ i l i ~ u ~ t ~ ~ n  ~n F I ~  21.101 deiinealc a r ~ g d  
rrrg3ntza11on In whlch tn.wflic~cn~ tlux I\ ;~v:~tl;~nlc tor gi~8h:tl it*mmunlc:ll#ctn Thr lack of 

crimmunlLltaon me:ln\  hint I ~ C  p:~th. I*) :tctlltn ;IIC lixcd. ntll :~Jruu:~lcl! ~n~twrncd hy Currcnl 
clrcumstanccs. and :~rc thc~clc>rc un;thlr 11) ;nJ:~pl :tnd rvtdvc ;h ~ h r  ~IIU:IIII~~ cn:lngc:. 
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At the other extreme. comh~nations of high flux and low crrntrol (Iahcllcd wlatiliry) 
delineate a turbulent situation in which little o i  the enormous flux is guided by hierarchic 
controls. Communicat~on is 1n;ldcquate as insufficient inlormntlon ahout the ever-changing 
situat~on is distributed. 

The rcgion of dysfunctio? sunounds the region ot' ilpiimal collective Function which is 
centered along a main diagonal of the phase space. and wh~ch. as noted. crnhodics a qualitative 
change in psychosocial organizatinn. The lt>wer and upper hc~undaries crf this rcgion define thc 
values rcprcsenllng eficient inftrrm:~t~t~n pnlcesslng: this rcgron is consistent with thermodynami- 
cally insp~red connectionist mcdels of neural netwclrks (e.~., Hinton & Sejnowski. 1986; 
Hopfirid. 1982). In such models efficient pattcrn matching is found to llccur tn a region between 
total randomness and tntal organiz:~t~i~n: in crur terms. hetween rapid flux and rigid organization. 
The rclat~onshrp between flux and cc\ntrol narrows progressiveiy frnm many degrees of freedom 
at the low end of the phase spcc. to an almost one-to-(me ccinespnndencc at the high end. Thus 
the shape of the spacc of optimal function IS triangular. Figure 21 . l o  shows that this space can 
he suhdivided Into two distinct kindh of glcrhal ermmunicatilrn: iunciional and transformational. 
Transitions from one suhregion to anc,ther are no! gradual hut involvc qualitat~ve change; distinct 
lypes of  c~rmmunicatinn can he defined. In htrwcen suhrcgions is a ph:~sc transition characterized 
hy turhulcncc and instahilily. Each suhrc:lvn is ccvnpcscd c l i  diflcrent c~rrnhinations of values 
of  flux and control so that a s(ri:ll ci~lleaivc can only hnve one oithese cummunic3tion pattcrns 
at sn), grvcn lime. 

Funhennore. thcre IS consider~hle difference in vulnernhility to crlllective dysfunction 
hetween the pattcrns ctrnsliluling the suhrcgions. At the low cnd o i  thc funcuelnal suhregion. the 
range of combinations of  flux and control is :re;lt nnd there are thus many different viahle 
pattcrns of communicatiirn possible. AT a result of this Irnrse aniculatron hctween flux and 
control. communicauon tends to he rifcrnless hut minimally eiticirnt. At the high end of this 
subrec~on. there is a clobe ;~niculnucm hctwecn !lux and ctrn~rtrl so that the patterns of 
informnuern proccsslng here tend to he crptimnl - m:~xrmnlly cftic~enl and h~ghly stable. 

Beyond this. at the apcx i ~ f  the viahle reyittn. is :I small suhrcgion. laheled rransjor- 
marronol (separated from thc.regi~tn tlf stability hy ;I tilrhulrnt gp ) .  dclincd hy an almost one-to- 
one ratlo httwcen flux and contrill. Tcr axsure st:lhility this r;tticr must he maintained, a not-so- 
easy task: Ihe greater the tlux the more contrcll must he exercised and vice versa. taking much 
cffon. Often. whcn such an cffonful ccrursc is in (lpr:ltlitn. a sudden organizational spasm 
occurs. The spsm has wn possible trutcumes. One is a structural transformation in the pattern 
of  information processing, resulting in total renr_~nnizati~~n to i i~r rn a ncivcl. qualitatively different 
collrcuve. The other is str~ctural devcrluti~ln. the cnmplc~c hreakdown and collapse of (he 
collective .~r a viahle social entity. 

7. SUMSlARY AND II\IPLICATIOSS 

7.1. Emriencr 111 C~~mrnllnic;rlit~n and Oplirnul C~~llcutive Aeth~n 

Our model ccrnccrns the intern:ll structure c r l  the collec~ivc. This intern:~l structure is conceived 
to he hasrd on thc h~illopcal potent~:ll n i  thc tndividu:~ls composing the c~llccuve to engage in 
work. measured as cncrgy. Th~s  hi~>l iyic:~l p*lenll:~l appears III hc hcterarchically organized and. 
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when activated hy the collective. is made avnilnhlc itjr sl>cial inlerncttt~n and hchavtor ac a pool 
or field o f  latent hiosocial energy. We hnvc I;tklcd this dimenstt,n trf the endt~gent,us ordcrpur. 

In Ihe other dimension. individuals are cnnnccted hi~rnrchlcnl l~.  We have laheled this 
dimension conrrol hemuse it appr;trs 11, direct and regulate thc ;tcttvation of the hilwctal energy 

o f  tht collcctive. Contrtrls over the acttvaticln and distrihulinn o f  tlux result In global 
comrnunicnlion hy way o f  quantum-like untrs of inforrn:ttinn (logons) - moment-hy-moment 
descriptions, in terms of sp;tce-umc and sp-etral ccn~rdinatrs. o f  the ct~llecttvc's endogenous 
orpnitation. Because these elementary untts o f  informa~t~rn c~verlop KS a scrics. the collrttive's 
ordcr at a given moment IS tnflrmed hy the ordcr implicit in the unta o f  the succecdtng 
moments. 

A simplifying zcsumption was that stahility can k idcntified with survival. Unless the 
collective remains a stable. dur;thlc sclcial entity. therc IS little tct cnquirc ahjut. Thus in order 
to understand how stahility is accrvnplishcd. wc have restricted our concern ttr the structure and 
internal dynamics of the ct~llccttvc. :tnd ltavc left ;tsidc its hclt:tv~or:tl ct'fcctivencss as an enttty 
operating on its environment. It m;ty well hc that lcss stahlc c~illcctives ctvuld hr more cffecttve 
under cennin condittons thsn hyprst;thlc ttnes (Rohcn S: Br;tdlc).. IVXHI. 

The cffictency crfthc tnmm:~l dvnamt~s. and its rrl:ni~~nshtp to tlte all lcatvc's amon. w a  
found to display an optini;tl (energy ct*n\crving) c~ltnhin;tttr~n of tlux ;tnd cr,ntrol that is 
.z~socimed with stahle cc~llccttve scttcm. Our rcsults thus slitrw th:tt for the Srwp to survive a 
an effrctive working unit. :In eflictent ct~mmunic:tttve structure u,az required. Only those 
configurations o f  hcter;trchy and hiecnrchy th:tt pnduccd :I p;ttlr IC;LXI ;tctiun - m e  that 
entailed the smallest amcrunt 11f turhulcncc - rehulled i n  ;I st:thle. efiecttve collcaive. The 
f ind ing indicate. i n  the terms o f  Shannctn and We;tvcr I IYJVI ;I( tlrc opcnlnf ( t i  lhis chnp~er. that 
hcternrchy and hierarchy arc related ;IS cclnjug:ltc c~rdcn: th;tt wtthin ~ h c  Itmits of its htococial 
energy. thc social collcctive must ;tchievc an 13ptini;tl ct~mhinatit~n o f  tlux and amtrc~l to prnduce 
efficient communicatton. 

A final piin1 clineern.; the implia~tions 1 3 i  this rnultilcvel ~nvcstip;tti~,n inr the stngle-level 
approach generally pursued hy sl~ci:tl science. I n  ct1ntr:tst 11, such di>cipline-specific accounts of 
collcaives, our approach h;a hecn III heel; a ccltnmtln scientific 1;tngu:tgc - to  cxplnre the dc;rcc 
to which insigha and prtnciplrs from thermirlyn;tmics and tnform:t~itrn mcasurrmcnt theory could 
he used to huild a rtplrcvus and t~stahlc understanding trf thc c t~mmuni~~t t tvc  structure of soctal 
collectivcr. Although this acctrunt has dr:~wn little tnwn (and iound little empirtcnl suppcln for) 
the normative scsinlogical concepts usu:tlly cmpl~lyed t c b  exp1:tin the khavinr oTsclct;tl collectivrc 
(viz.. ideology, values. fnrmal orgnniznt~nn. role structure. Iendcrshtp, memhcr ccrrnmitment ctc.; 
see thc review hy Turner. IOXh. ur J:thltn e l  21.. 1'4x7. hlr ex;tmplrs), we hclicvc thal our results 
demonstrate the utility nf an apprn;~ch that ;'round cxpl:tnatictn In the cttmmon;~lities and 
dynamics o f  collectives more gcner;~lly. Tliib is  nor tu %I), th:tt t l ~  t:~ctt,rb identtficd by stnglc- 
level descriptions arc untmpl*n;tnt. httt mtltcr tlr;tl ;I :cncr;tl undcrht:~ndin$ I~I cc~llcct~vcs wi l l  c~nly 
arise as a result o f  cnmp1rn~cnt;try wurk on llir interlink;~ge hctwccn system5 ~ r f  r~rcantzed 
hehavicir at different levelc jc.;.. Csinyt. IC)R9). In thts wit). ~IIC rcl:~t~%~nship hctwccn gcneral 
princtples o f  system hchavtt~r itnd tltc spccilic ct*nJit~tms 1h;tt 13ht;ttn :tt dill'crent structural levels 
w i l l  he addressed and n gcner;tl sciencc 01' <c~i: t l  hch:wit?r will he h ~ r n .  
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