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Abstract

Givena setof requirementgor a definition of communicationwe can
definea communicatiorasinformationthatentersa procesandeventually
leavesits inverseprocessFor example jinformationis transmittedy speak-
ing andreceved afterprocessindy its inverse hearing.This definitioncan
be usedto preciselydescribeandexplain communicatiorphenomenén an
inclusive andexactmanner The natureof processeandtheir development
is considered.Communicatiomprocessesnay supportotherprocessesn-
cluding non-communicatie, evolutionarily adaptve processesupporting
survival andreproduction.Communicatioris expectedto developin self-
organizingsystemsgivencertainassumptionsReceving processemaybe
understoodsinformationfiltersandtheirperformance&escribedpredicted,
andunderstood.Theseprecisedefinitionsof communicatiorandinforma-
tion cansene asthebasisfor a scienceof librarianship.

*Theauthorwishesto thankDianeSonnenvald andthememberof herCommunicatiorsem-
inar for valuablecommentontheideaspresentedhere,aswell asElfredaChatmarfor corversa-
tionsaboutdefininginformation.



1 Intr oduction

Communicatioroccursonly whentherearetwo associatethformationproducing
processeandthe outputfrom one processs the functionalinverseof the other
processs output. We cansaythatcommunicatioroccurredandthatinformation

wastransferreetweertheinputto thefirst processandthe outputof thesecond.
Notethatcommunicatiorandinformationarenot synorymousterms.Theformal

incorporationof informationandprocessnto adefinitionof communicatiorpro-

videsamodelof communicatiorthatcapturesnuchof thecommonsensemean-
ing of communicatiorwhile allowing usto bothaccuratelypredictandprecisely
explainagreatdealaboutcommunicatiorsystemsDervin [Der93],in discussing
the discipline of communicationnotesthat “It is processhowever—the verbs
of communicating—wherge have somethingto offer thatis, if not ultimately

unique,atleastfor now aheadf the others.

How do we study“what happensn the elusve momentsof humancommu-
nicatings” [Der93], and what are “communicatings”? When communications
definedin termsof informative processesynecanstudyboththeinformationthat
is corveyed andthe processesghat carryit. Definitionsof communicatioroften
involve termssuchasknowledg, belief meaning or intention Moving beyond
terminologyaboutwhich mary epistemologistandcognitive psychologistglis-
agreeto a definitionthatis often consistentvith theseabstracideasbut is based
on morepreciseconceptenablesisto useandbuild onthedefinition,aswell as
measurehe outputof communicatingphenomenahoth humanandnon-human.
Humancommunicationa subsebf all communicationplaysaspecialrole in the
studyof communicationbut humancommunications not equvalentto commu-
nication, andthe former needso studiedasa subsebf the latter A precisebut
generaldefinitionof communicatiorbasedon informationrequiresa preciseand
disciplineindependentefinition of information[Los97. This will be provided
below.

Thestudyof communicatiorphenomenanaybedividedinto theexperimental
andthetheoretical Experimentaktudiesof communicatiorphenomenaxamine
how informative processesvork and preciselywhat informationis provided by
them. Statementsre particularto a specificsituationor domainand general-
izability often becomegproblematic. Theoreticalstudiesof communicationpn
the otherhand,addres®n a moreabstractevel the natureof processeandtheir
outputs,aswell astheinter-relationshipdetweerprocesseandtheir inputsand
outputs. Mentioning inputs and outputsbrings to mind introductory computer
classesvherethis terminologyis often introduced. Theoreticalcommunication
studiesoftenuseterminologysimilar to thatusedin computersciencewith both
disciplinesborraving terminologyfrom the interdisciplinarytheory developing
in anareaintersectingnathematicscomputerscience communicationsanden-
gineering. Processandinformationarebasedon conceptsn this intersectionof



disciplines.

Why shouldonebeinterestedn a precisedefinitionof communicationHav-
ing a usefuldefinition or modelof a phenomenormllows oneto describeobser
vationsin a consistentvay. In addition,sucha modelmayallow usto accurately
predictthe characteristic®f previously unseencommunicationsystems. Most
importantly a successfutlefinitionandmodelhelpsusto explain how the system
operatesleadingoneto anunderstandingf the natureof the system.

A satishctorydefinitionof communicatiorshouldpresere someof theideas
in thecommonunderstandin@f theterm. Sucha definition shouldbe consistent
andincludeonly thoseitemsthatneedto beincluded,omiting mentionof aspects
thatneednot beincluded.At the sametime, a definitionshouldallows usto both
betterunderstandvhat communications, defining clearly what phenomenare
to be includedand which areto be excludedfrom the domainof communica-
tive phenomenaaswell asto measurendevaluatecommunicatiorsystemsoth
guantitatvely and qualitatively. Qualitatve studiesemphasizeinderstandingn
a way that demandgprecision,and we believe that this definition bringsto the
disciplineof communicatiora precisionthatis necessaryandsuficientfor both
gualitatve and quantitatve studies. The increasedunderstandingainedfrom a
precisedefinition comesfrom statement®f whatis andwhatisn’t communica-
tion, aswell ashow a communicatre systemfunctions. Being ableto describe
how communicationtakes placeallows oneto manipulatesystemcomponents,
improving thequantityor quality of communicatiortakingplace.A precisestate-
mentof thefunctionof a systemalsoleadsto improvedevaluatve methodswith
feedbackrom thesdeadingto improvedsystemsandsoforth. A clearstatement
of thedomainof studyallows oneto focusonaphenomenothatis definitelypart
of communicationandthusworthy of studyin depth,or onemay addresther
phenomenavith theunderstandinghatthey areclearlylesscentralto thefield.

2 Information

Informationhashistorically beenunderstoodand measuredn a wide variety of
ways.Usuallythesemodelsaredisciplinespecificor limited in scope.For exam-
ple, physicistsspeakof informationin thermodynamid¢erms,while epistemolo-
gistsdescribeinformationas somethinghat occurswithin the contect of higher
level humancognitive processesWe briefly presentherea numberof different
ideasaboutinformation, concludingwith a disciplineindependendefinition of
informationthatcanbeusedto provide a basisfor a generadefinitionof commu-
nication.

Themostwidely understooaotion of informationfor Englishspeakingchil-
drenmaybeseenn CookieMonstersdefinitionof informationas“news or facts
aboutsomething. Otherdefinitionstendto be more explicitly human-centered,
suchas“information is knowledge: Similarly, Dretsle [Dre81] views informa-
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tion assomethinghat bringsus to certainty a definition thatanngs thosewho
useprobabilitytheoryandassumehatonecannever be absolutelycertainabout
arything. More formal thanthis is Bar Hillel’ s modelof informationaswhatis
excludedby astatemenfBHC53, BH55]. BarHillel’ sdefinitionprovidesabridge
betweerformal andrigorousdefinitionsof informationandtheideaof meaning.
Baseduponearlierthermodynamienodelsof entroyy, Brillouin [Bri56] suggests
that“informationis afunctionof theratio of the numberof possibleanswerde-
fore and after..” andthat anything that reducesthe size of the setof answers
providesinformation. Shannors modelof informationandcommunicationyith
which we assumehe readeris familiar, measuresnformationasinverselypro-
portionalto the probabilityof asignal[Sha93bRit86, Rit91,Los9(J. Mostof the
measuresf informationproducenumberssimilarto thoseproducedy thefamil-
iar Shannormodel,with the amountof informationbeinginverselyproportional
to the probabilityof anevent.

Severalmeasuresf compleity andinformationexplicitly addresgprocesses.
Forexample severalscholarsincludingKolmogoro [Kol65], Solomonof [Sol64a,
Sol64h, and Chaitin [Cha77],have separatelydevelopedmeasure®f the com-
plexity orinformationinherentin aprocesssthesmallesalgorithmthatproduces
the outputproducedby the processn question.The Minimal Description(MD)
of the processwith all redundang and extraneousmaterialremoved, captures
the essentiahatureof the process. Slightly differentthanthis is the Minimum
DescriptionLength(MDL), the lengthof the smallestdescriptionfor a process,
proposedy Wallace[WF87,WB68] andRissannelfRis89].

One measureof information, seeminglymore popularin the U.K. thanin
North America, measuresnformation as inverselyrelatedto the varianceof a
variable[Fis25,Mac69]. As we learnmoreabouta variableor anevent(e.g. the
averageheightof communicatiorscholarsthevarianceof our estimatedecreases
andtheinformationincreases.

Thereis alarge gapbetweenwhatis provided by a measureandwhatis pro-
videdby adefinition,andmary of themeasureslevelopedin the“hardest”of the
scienceslo notexplicitly provide anassociatedefinition. Informationscientists,
for example,may proposea model of an informationrelatedprocessand then
measure characteristiof the modelwithout necessarilyroviding a cleardefi-
nition of theirterms.Definitionshelpclarify theessencef aphenomenonyhile
ameasuremay capturewhatis importantin somerespectaboutthe phenomena.
A measuravithoutadefinitionis still useful,howeveradefinitionwouldimprove
the understandin@f the context for mostmeasuresWe proposea definition of
information,followed by a definition of communicationput onemay alsothink
of eithermoregenerallyasa modelallowing usto measuregescribeandpredict
characteristicandrelationships.

Information and communicationmay be definedin relationshipto the pro-
cesseshatmove theinformationfrom the beginning, or entry of the information



into the channelto its exit from the channel A processs anaction-mediunthat
movesaninput presentedo theprocesdo theoutput,possiblyassigninghew val-
uesto oneor moreoutputvariables We usethetermprocessecausef Churchs
thesis,widely believed to be correct[KMA82], which suggestshat processes,
functions,andalgorithmsall describehe samephenomenonall thesemodelsof
computatiorfor mostpurposesreequivalentandonemaydescribeusingoneof
theseandatthe sametime satisfctorily alsodescribeaseffectively asif onewere
usingoneof theothermodels.
Informationmaybedefined[Los97] as

the valuesfor all variablesin the outputof arny process.This infor-
mationis abouteitherthe processpor the inputsto the procesqthe
context of theprocess)pr both.

A processs a setof relatedcomponentghat produceor changesomething.
Whenstudyinganinformationsystemtheremaybe onelarge procesor several
smallerprocessesThe scopeof the processs notimportantto our definition of
information, or later to our definition of communication. However, the choice
of how to view a processwill affect how onemay studyor understandhe pro-
cess.For example thereademayview the entireprocesshattakesthe authors
thoughtsandresultsin thethoughtseingunderstoodby thereadermsacommuni-
cationprocesspr onemayview numerousmall stepsin thewriting, publishing,
andreadingprocessesaslinked processesWhetherviewed asonelarge process
or several smallerprocessesthe information presentedat the end of the entire
large procesor atthe endof the setof smallerprocessess the same.

The amountof informationproducedoy a processnay be measuredaswith
Shannors model,asthelogarithm[Har28] of theinverseof the probabilityof the
stateof naturefoundat the outputof the processThis maybeusedfor thevalues
of bothdiscreteandcontinuousoutputvariables.An outputvariablewith avalue
having associategrobability of 1/4 may be computedashaving log, 4 = 2 bits
of information,for example.

We referto a procesghatproduce®utputfrom a context (definedasthe setof
valuespresentedo theinputof aprocesspasaninformationchannel. Thechannel
is thatsetof componentshatimplementghefunctionalityinherentn theprocess.
A channeimightbeimplementedy a computerandits program,or it mightbea
mechanicatievice suchasa pantographhatreproducesaninputmovementatthe
outputwith a pre-specifiediegreeof magnification.

Processemayconsistentlyproduceghesameresultwhengiventhesamanput
andcontet. Thesedeterministiqprocessearewhatmostpeoplemeanwhenthey
referto a processn anunqualifiedmanner Giventhe sameinput, two identical
probabilisticprocessesnay producedifferentresults.The outputof a probabilis-
tic procesamay be describedoy a probabilisticdistribution or densityfunction.
Obserersof sucha processnayunderstandherandomnesascomingfrom two
sourcesinherentlyrandomprocesseanderrorproducingnoise.
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The processhaseddefinition of informationdiffersin several respectdrom
Shannors modelof information, to the extentthat Shannors ideasaboutinfor-
mationmaybeseparateffom thosehehadaboutcommunicationShannorviews
communicatiorsystemgprimarily astransmittingsymbolshetweerasourceanda
destination.Thisis very differentfrom the processnodelproposedbore which
producesoutputfrom input, with no explicit attemptbeingmadeto encodeor
represensomethingsymbolically or to be messagdased. Shannomotesthat
his theoryis “quite differentfrom classicalcommunicationengineeringtheory
which dealswith thedevicesemployedbut not with thatwhichis communicated”
[Sha93ap. 212]. Shannors focusclearlywasonthe message.

Unlike Shannors model,the processnodeldescribesnformationasthe out-
comeof arny processnot just anencodingprocessn a symbolbasedcommuni-
cation system. The processmodel of information,for example,canbe usedto
describeanadditionprocesgshatacceptdwo inputsandproduceshe sum(infor-
mation)at the output. This outputis informative aboutthe additive processand
the inputs. This notion of aboutnesss similar to Devlin’s notion of a constraint
[Dev91]. While the additionprocesscould be interpretedasencodingthe input,
thatis certainly not a very naturalinterpretationandis certainly not a required
interpretationif we wish to understandarithmeticsums. Similarly, the process
model of information measureshe information at the outputas proportionalto
thenumberof possiblestatesandtheir relatve frequeng in the output.

Each processacceptsinputs or ervironmentalcharacteristicand produces
something(or nothing),giventheseinput values. The function f(z) denoteghe
processingor encoding)of x by function f(). A function f(), whencombined
with its functionalinversef~'(), acceptsa variablez andproducesasoutputz,
which waspresentedo the processeat theinput;i.e. f (f~!(z)) = z. For ex-
ample,the squareandthe square-roofunctionsare well known functionswith
eachbeingthe inverseof the otherfor positive numbers. Thus, /32 = 3 and
(v3) =3

Consideragaintheadditionfunctionandits inverse.An additionfunctionthat
acceptswo inputs and producesan output, the sum, discardsinformation that
waspresentat the input (the outputof otherprocesses)Onecannotwork back-
wardsfrom only the sumto theoriginal two numbergthereaderis encouragetb
considemwhattheoriginal pair of numberanight have beenif thesumis 3.)

Considera functionwhich producesoththe sumof two presentechumbers
andthe differencebetweerthe two numbers.This function hasnt discardecary
informationin producingthe sumandthe difference n thatonecanwork back-
wardto producethe original numbers.Considera sumof 3 anda differenceof 1;
onecansolvezr +y = 3 andx — y = 1 to producey = 1 andx = 2. Givena
losslesgprocessin whichnoinformationis lostduringprocessingthereis always
aninverseprocesghatcanrecreateéheinputto thefirst process.

Is this precisemodelof informationtoo narrav to be of muchpracticaluseby



scholars?Saraceic andKantor[SK97] suggesthatsuchnormatve approaches,
including “formal and rigorousmodelsinvolving uncertainty..” (p. 532) take
“the narravestview of information? We disagreebpelieving thatthe above rig-
orousandgeneraimodelrepresenta very broadview of information,with other
modelsof informationbeing capableof beingshowvn to be specialcaseof this
model. Below, we presentwhatwe similarly considerto be a generalyetrigor-
ous,definitionof communication.

3 Defining Communication

Hundredsof explicit andimplicit definitionsof communicatiorhave beenpub-
lishedin the communicatiorandrelatedliteraturesfor useby scholarsandprac-
titionerstrying to describe predict,and understanccommunicatre phenomena.
Thesedefinitionsvary aroundthe commonlanguagedefinitions,with variations
dependingon individual scholarlyinterestsandgeneralscholarlytrends. The di-
versedefinitionsof communicatiorofferedby Hauserf[Hau96 p. 7] sene asa
representate, albeit small, sampleof ideasaboutcommunicatiorfrom a wide
rangeof disciplines. Of seven definitionsprovided by Hauser threedefinitions
of communicatiorplacecommunicatiornin the context of humansor organisms,
while amajority mentionthe effect of amessagenits recipient.

Edward Wilson notesthat “the ongoingfragmentatiorof knowledgeandre-
sulting chaosin philosophyare not reflectionsof the real world but artifacts of
scholarship’TWil98, p. 8]. Thedefinitionof communicatiordevelopedbelow is
bothrigorousandgeneraln capturingall andonly thecommunicatiophenomena
in the “real world” We arenot trying to build on traditionaldefinitionsof com-
municationandour definitionisn’t “an artifactof scholarship”jnstead we build
amodelof communication®n both a precisedefinition of informationandon a
list of requiredcharacteristicgor adefinitionof communicationThus,thereis no
explicit preferencdor which side shouldwin in long-runningintra-disciplinary
debatessuchaswhetherthereis intrapersonatommunicationfor example.We
assumehatcommunicatiorhasthefollowing characteristicéderivedin partfrom
guestiongposedoy Motley [Mot9Q]):

1. communications characterizethy informationtransfer
2. processindgakesplacein communicatiorsystems,

3. boththe senderandthe recever areactiely involvedin a communication
systemand

4. thequality of communicationsaries.



Communicatiorshouldbe definedwithout regardto possiblyfalseassumptions
madeaboutportionsof the communicatiorsystem. Put differently, we will as-
sumethat numbersl through4 abose needbe the only characteristicaisedin
developinga definition of communication.We thusbegin developingour model
of communicatiorfrom obsenable phenomenandthe desirablecharacteristics
of adefinitiondescribinghe phenomenayot from traditionaldefinitions.

We choosenotto placeanemphasi®n communicatiorassymbolicin nature.
Motley [Mot90] emphasizeshis symbolic nature, mentioningthat “Cronkhite
(1986) presentsa very compellingcasefor symbolic behaior asthe common
denominatoiof all communicatiorstudy’” However, asHauserfHau96,p. 507]
notes,the symbolicapproachmay not be the bestin all situations,althoughit is
certainlya reasonablessumptiorfor somemodelsof communication.We also
choosenotto focuson intentionality motivation,or the behaior of the senderor
recever. Insteadwe adoptanapproactthat, with the precisemodelof informa-
tion developedabove, providesus with a morephysical,obserable,andprecise
setof requirementsor a definitionof communication.

We may definecommunicationin a preciseand information-basednanner
usingthecharacteristicabove, allowing usto understandhe mechanismsinder
lying communication.

Communicatioroccursif, andonly if, informationmovesfrom the
input to one procesgo the outputfrom a secondprocessthe latter
procesdeingtheinverseof thefirst process.

We referto the informationat the outputof this inverse,receving, processasa
communicationCommunications morecomple thaninformation;communica-
tion processearecomposeaf multiple complementarynformative processes.

Herewe have two informative processeghe seconddf which “undoes”what
thefirst processdoes’ Viewedloosely hearing for example,undoesvhatspeak-
ing does. Telephonegrovide communicatiorcircuits, providing aninput device
at one end of a connectionand an inverse,decodingprocessat the other end.
Similarly, the languagecomponenbf a persontalking on the telephonemay be
saidto communicatevith the (inverse)languagecomponenbf thelistener The
knowledgecomponentsf thetwo arein communication.

Usingthis modelof communicationywe maydefineacommunicatiomeceiver
astheimplementatiorof afunction f ~*() wheref () is referredto asthe commu-
nicationtransmitter

If thefirst processmerelycopiestheinputto the output,andtheinversepro-
cesscopiedts inputto its output,communications takingplaceunderour model.
This “straightwire” systemclearly neitherencodeshor decodesshaving anob-
vious differencebetweenthis model and other modelsbasedon encodingand
decodingof messges Noneof thesethreeconceptds essentiato our modelof
communicationWe usethecommunicationargon“encoding”and“decoding’to
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Figurel: A hierarchicalmodelof humancommunicationsepresentinghe pas-
sageof somethingbeingtransmittedpeingtransformecdr encodedleft) andde-
coded(right). The straightright arrav representa physicalconnectiorbetween
the processesyhile the squiglyright arrows for the higherlevelsrepresenthan-
nelsprovidedby thelower level processes.

represeny () andf~1() but notethatin casesuchasthe“straightwire” systemit
becomeslearthatthisterminologycapturesheessencef this copying operation
only weakly, if atall.

Not all informationtransmittedrepresentsommunication.Given communi-
cationdefinedin termsof inverseprocesseshe pageyou arereadingisn’t com-
municatingwith you. You arereceving the informationthatis on the pagebe-
causeof visual processesThe authoris communicatingwith you throughpro-
cesseshatfirst took ideasresultingin written text, andaninverseprocesswithin
thereadeiis takingwritten text andtransformingt backinto thoughts.Similarly,
if onepersonis talking to anotherandis nenous,the nenousnessnay be com-
municatedo anyonewho cantranslateobsered perspiringor a quiveringvoice
or shakinghandsnto anunderstandinghatthefirst persons nenous.

Figurel shavsahierarchyof processeasedor informationtransferandcom-
munication.Considereachhierarchyrepresentingnindividual. Onecommuni-
catesheror his knowledgein languagewhich s furthertransformecdr encoded
assoundsThesearedecodedntheright handside,producinganguagdrom the
soundausinganinversefunction,andthelanguageas corvertedbackinto knowl-
edge,againthroughthefunctioninverseto the functionthatinitially transformed
theinformation. The decodingakesplaceon theright handside,with ascending
functionf~!(z) representingheinverseof the f () function;thefunctionsonthe
right handsideof Figurel “undo” whattheearlierprocessesn theleft “did.”

In additionto differentphysicalphenomend&eingmodeledby specificlayers
of ahierarchypsychologicahndepistemologicagphenomenanayberepresented
by layersin acommunicatiorhierarchy[Los97]. For example,aperceptiorfunc-
tion mayhave asoutputabeliefinstilledin theindividual,andabelieffunctionin



turn may produceknowledge.

Notethatthe choiceof a hierarchyasa structureis arbitraryandthata setof
communicatiorprocessemaybealsounderstoodsplacedn astraightline, with
onesetof processeproducinginformationwhich is thenpresentedo theinputs
to theinverseprocessedJsingthenotionof a hierarchyfacilitatesanunderstand-
ing of the relationshipbetweerrelatedindividual informationprocessesandthe
larger communicatiorprocessesWe alsodo not meanto imply thatencodingor
decodingasShannorviewedtheseoperationsareessentiato this modelof com-
munication.While thehierarchicaimodelemphasizegansformationsvhich may
beinterpretedasthetraditionalencodinganddecodingfoundin moretraditional
Shannesqumodelsremembethata straightwire mayallow oneendto commu-
nicatewith the otherend, with little processingresento suggesthe encoding
anddecodingmetaphor

This modelof communicatiordiffersfrom mary moretraditionalapproaches
to communicationAt the coreof thedifferenceis thatthemodelusedhereis not
human-centeredt doesnt have beinghuman,or evenorganic,asa prerequisite
for beingan endpointin a communicatiorsystem.This expandscommunication
systemdo includeprocessorsuchascomputersaswell aslesssophisticatede-
producingdevicessuchasphotocopiersBy notarbitrarily limiting the systemto
humanslittle is lostandmuchis gained,both by describingphenomenautside
humanghatseemvery similar to whatis traditionallyreferredto ascommunica-
tion andby greatlysimplifying the definitionandmakingit precise.Becausdhe
definitionis not explicitly biologicalin nature,it is alsonotexplicitly intentional
in nature.Intentionalcharacteristiceanbeincorporatednto processesnodeling
communicationas complementaryprocessegan be consistentwith intentional
processesand humancommunicationallowing modelsof communicatiorsuch
asthatdescribedby SperberandWilson [SW95] to be seenasdescribingcom-
municationghatarespecialcasesf this moregeneraimodelof communication.
Unlike mary modelsof communicationhowever, our communicatiorprocesses
are not limited to intentionalor humanphenomena.Similarly, communication
doesnot have to transmitmeaningor be intrinsically symbolic, althoughthese
phenomena@anbe incorporated.This differsfrom Shannors modelof commu-
nication,which begins with a sourcewhich "producesa messager sequencef
messaged be communicatedo the receving terminal” [Sha93bp. 6]. Simi-
larly, whenShannorsaysthatwe can’roughly classifycommunicatiorsystems,
the categyoriesaredescribedashaving amessageomponen{Sha93bp. 7-8].

ScholarsuchasOliphant[Oli97] have acceptedhatmary of the popularex-
isting definitionsof informationareinadequatéor theirwork andhave developed
their own definitionsfor the purposeof their research We believe thatthe pro-
poseddefinitionof communicatioris a universal,domainindependendefinition
thatallows for mary of the concernsnotivating otherdefinitionsof information.
We thusfeel thatthis definitionsenesasa commondefinitionof communication
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for thefield, providing acommonlanguage Additional constraintsnaybeadded
to this, but they arenot partof thefundamentahatureof communicationthey are
additionalconstraintgshatmay or maynot beworthy of discussiorbasedntheir
own merits.

As we definedaninformationchannelywe maydefinea communicatiorchan-
nel as the set of componentsn the universethat implementthe functionality
neededor thecommunicatiorprocesgo take place.Because&ommunicatiorre-
guirestwo or moreinformationprocessess communicatiorthannelalwayscon-
sistsof two or more informationchannelsin series By usingthe word needed,
we refer only to thosecomponentghat directly and obviously contritute to the
operationof the channel,ignoring the fact that a butterfly moving on the other
sideof the world doesaffect the performanceof a communicatiorsystemon the
readers sideof theworld.

Using this model of communicationwe may measureboth the amountof
informationthatis presentt differentpointsin the model. For example,we may
measurethe amountof information enteringthe systemaswell as captureand
describethe information at the output of the first and secondprocessesind at
intermediatgointsin acommunicatiorhierarchy

4 Basisfor a Hierar chy

For a systemto be a communicatiorsystem,it mustbe composedf two com-
plementaryinformative processedlf we areto studya communicatiorsystemas
composedf morethanonefunction, thatis, we chooseto treatit assomething
otherthanan indivisible whole, it is necessaryo breakthe larger processnto
smallerprocessesCentralto breakinga processnto partsis determiningwhich
descriptionf processearemostnaturalandbesthelp usdescribe predict,and
understandhe communicationsystem. In somedecompositionsthe resulting
sub-processeamay appearto be natural,having a reasonabl@&xplanation,while
in othercasesthedivisioninto sub-processesill appeawery arbitraryin nature
with unnaturalsub-processehviously, adecompositiorthat produceseason-
ableexplanationds superiorto onewherethe boundariebetweerprocesseare
arbitrarily chosen.

Communicatiorprocessesnay be delimited so that they representan entire
receveror anentiresenderor processemaybeviewedasbeingmuchsmaller so
thatmary of thesesmallerprocessetgetherconstitutethe processingapability
of anindividual. If the mostnaturalform of a hierarchyis with a large number
of small processest may be easiesfor anorganismto learnthe detailsof each
smallerfunctioninsteadof learningthe natureof a single,large function. On the
otherhand,in somecasest may be beneficialto definea procesdargerthana
singleindividual, with, for example,a groupof peopleproducinga documentpr
anindividual readinga documentjncluding the documentandits production,in
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asinglelargeprocess.

Thereareanumberof processethatoccurfrequentlyin higherlevel species,
including a numberof componentgo naturallanguageprocessingsuchasthe
movementof vocal cords,the receptionof soundandits translationinto neural
signals syntactigprocessingandphonologicaprocessingHocketthassuggested
thatthereareatleast13 differentfeatureqandthusfunctions)in humancommu-
nication[Hau96, p. 47]. No otherspecieshasall 13 features,althoughmary
speciehave several. Thesemay sene asa basisfor anunderstandingf the hu-
manprocesses naturallanguageeommunicatiorhierarchies.

Thoseprocesseshat exist and are obsenable are more likely to have con-
tributed to the survival of the greatersystemswithin which the processexists
thanarelessadaptablgrocessethatdid not contributeasmuch. A processnay
contrikbute to its own survival, or it may contrikute to the survival of similar or
identicalprocesse othersystemswhen contrikuting to the survival of others
increaseghe chancefor similar processes$o appearin future systems.For ex-
ample,someonevho cancommunicatehe natureof a vaccinefor a childhood
diseasd¢hatcansave the livesof millions of childrenmay notincreasdheir own
chanceof survival but will increasehe numberof communicatre humanswith
intellectualabilities similar in somerespectso thoseof the vaccines developer

We refer to systemghat take on increasinglysophisticatecand non-random
structuresasthey evolve asself-oganizingsystems.Functionsmay be learned
or may evolve throughself-oiganizationover time. This oftenoccursbecausen-
creasearganizatioror structuratself leadso increase@daptabilityandsurvival,
althoughwe shouldnot make the mistale of assuminghatincreasecomplexity
necessarilympliesincreasedurvivability [Gou97. Throughlearningprocesses,
a function may infer the characteristicand parameterof a function of inter
estthroughsupervisedearning,wherelabeledcasesarelearnedwheninferring
a generalizingprinciple. The effect of learningalso may be producedthrough
evolution, with randomlygeneratedariationseithersurviving with increasedr
decreaseftequeng overtime. This hasthe effect of learningadaptve character
istics.

Learningcommunicatre functionsthrough evolutionary processesequires
the presencef a higherlevel layerthatboth producesandrecevesinformation.
In the caseof beessaidto be communicatinghroughdancing thereis a process
above thedancingprocesgwhich hasevolved)thatallows the dancingprocesgo
bebeevolutionarily supportedy increasinghesurvival rateof beeswith dancing
(or understandinggkills.

Any processocatedaboreanotheprocessnaybeagoalprocesshatrewards,
allowing the functionbeforeit to evolve. We referto a functionthatmaximizes
a goal function as maximallyuseful For aninformative functionto be learned
geneticallyit mustsupportagoalwhichis relatvely constanin the specieswith
evolution leadingtoward it becomingmaximally useful. Goal processe®ften
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contribute toward reproductve behaior or aresurvial related. Communication
processeproduceresultswith the systemsn which they occursuchthatsimilar

processesreaslikely or morelikely to survive and reproducethanthey were

before.Thisis becauséntroducingcommunicatre capabilitiesessentiallynakes

a systemlarger, which canleadto increasedelf-oiganizationthanwould be the

casewith individual, smaller non-communicatie systems.

Givenour modelof communicationcommunicatiorsystemsarelikely to de-
velopin self-olganizingsystemsecausef their supportfor whatareconceptu-
ally larger systemsleadingto more self-oiganizationandincreasedadaptability
We assumehat it is almostaslikely thatif oneprocessavolvesthenits inverse
will alsoevolve. We alsoassumehatinformationaboutanothersystemmay be
beneficialto the systemin questionundermary circumstanceandthuscommu-
nicationsystemsareevolutionarily adaptve.

5 The Performanceof Processes

All recevinginformativeprocessewithin acommunicatiorsystenmaybeviewed
asfiltering processesselectvely providing informationto a processmmediately
succeedingabore) it in theright half of the hierarchy Someprocessepassno
informationto succeedingeighboringprocessesomeprocesseselectvely pass
information,while otherspassall inputinformationto their neighbor

A neighborprocessvhoseoutputis inputto asecondgrocesss referredo asa
context for thesecondorocessWhenall inputto a particularprocescomedrom
the outputof anothermprocessthe latter processs thefull or completecontext for
theformerprocessThe context maybeviewedasproviding aqueryor statement
of informationneedfor afiltering process.

A filtering processacceptsnformation from the processbelov and, based
uponthe context andthe interestsand needsit representswill transmitor not
transmitinformationto thelevel aboveit, dependingntheincominginformation
andthe contet provided from its predecessaand otherprocessesinformation
thatis passedo a higherlevel processnaymodify the context itself andmaythus
affect futurefiltering actions.Thefiltering processnaythusberecursve.

Considera messagavith one binary characteristiovhich would occurin a
noiselessnformative procesdransmittinga singlebit. The characteristioccurs
with probability (andaveragefrequeng) p in messaget be passedreferredto
asrelevant messagesand probability (andaveragefrequeng) ¢ in all messages
[Los9§. If afilter attemptdo passonly thosemessageat or above the average
position of relevant messagef a list of messagesrderedby decreasingele-
vancethepercenof all messagethatwill bepasseds1— (1 —p+t)/2. Smaller
valuesrepresenbetterfiltering performanceClearly, otherfiltering performance
measuresvill be neededvith morecomple termrelationshipsandprobabilistic
distributions,but this indicateghekind of resultthatmaybe obtainedjncreasing
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our understandingf communicatiorsystems.

6 Imperfect Communication

Defining communicationas the output of two complementarynformative pro-
cesseslescribegommunicationn anidealnoiseles&rvironmentwherethe sec-
ondfunctionis a perfectinverseof the other Here,the secondunctionperfectly
“undoes”whatthefirst function“does” andthereis no noiseintroducednto the
system.

In therealworld, however, thereis almostalwaysnoisepresenandcommuni-
cationis imperfect,exceptin the presencef errorcorrectingcodeshatallow the
recipientof amessagetherthanthe messagéhatwassentto recovertheoriginal
messaggHam86,L0s9(Q.

We refer to the outputof a noisy communicatiorchannelas noise modified
communication. Communicationgeceved that have beennoise modified but
canbe understoodhccuratelyor usedby a human,even giventhe noiseinduced
changesn it, are acceptablenoisy communications Theseerrorsor noisemay
beinducedby externalprocesseandevents,causingheinformative processet
functiondifferentlythanthey wouldwithouttheerrorproducingorocessNoiseor
errorsin theinformationmay be viewedasadditive if the operationof eachpro-
cessareindependentf the operationf the otherprocesseandtheseprocesses
arein series.

In mary casestheinversionprovidedby a processf or f ! is imperfectthat
is, for somez, it will bethe casethat f (f~!(z)) # x. For example,consider
the casewherethe authorwho grew up in the northernUnited Statesrefersto
snowwhentalking with his daughterwho hasspentherlife in the southerrhalf
of thecountry Theauthors hierarchyencodes certainsetof meaningsassnow
while hisdaughtedecodeshetermsnowasaratherdifferentphenomenontHere
the daughters receving functionisn’t the exactinverseof herfathers encoding
function.

The acceptabilityof noise-modifiedor imperfectly invertedcommunication
maybebestviewedaseitherbinaryor continuousTheexactnatureof theaccept-
ability functionis anempiricalquestiorto bedeterminedor any givencommuni-
cationchannel.Binary acceptabilityoccurswhena messagés eitheracceptable
or notacceptableAcceptabilitymaythusoccurwhenthemessagés similarto at
leasta certaindegreeto anexpectedmessageAcceptabilitymayalsobe continu-
ouslyvalued thatis, theacceptabilityitself cantake any of arangeof valuesfrom,
for example,0 to 1, dependingn how closethe acceptabilityis to the best-case
acceptabilityandtheworst-casecceptability
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7 Branching Communication Hierar chies

Theproposedlefinitionof communicatiorsystemsascomplementarinformative
processesnableneto accuratelynodelandunderstanérangeof communica-
tion phenomenaWwith this model,we candescribeandpredictthe characteristics
of previously unstudiedsystemsWhile thelinearhierarchypresente@bove cap-
turessimple communicatiorervironments,the usefulnes®f the modelmay be
improvedsignificantlyif we allow a singleprocesgo have multiple processebe-
neathit (whichwe referto asmultiple fee) andmultiple processeabore asingle
procesgwhich we refer to as multiple head$. Doing this allows claimsto be
madeaboutmultiple headsand feet that more closelyreflectthe compleity of
realworld settings. In addition, graphtheoreticcommunicatiormodelsmay be
appliedto complec structuresproviding a wider rangeof both quantitatve and
gualitatve modelsof communication.

Considerthat the author might be able to communicatewith you through
this publication,or throughemail,hand-writtencorrespondencey by telephone.
Eachdifferentmediumcanbe representetby a differentfoot. The authors lan-
guagecomponentan be understoodas having below it several feet, eachcon-
sistingof one or more communicatiornprocessesonnectingthe authorandthe
reader

Modeling social communicatiorsystemsmay be facilitated by using multi-
ple “feet” in the model. A groupof peoplehaving a particularrelationshipis
referredto as a social network, which may be studiedqualitatvely [Cha92] or
guantitatvely [WF94]. The studyof socialnetworks canbe viewed asthe study
of which processingeet exist for eachindividual and what other feetin what
otherhierarchiesndividualsusefor communication.For example,assumehat
eachindividual hasa hierarchyandthattherearethreelevels on eachhierarchy:
high (H), medium(M), andlow(L):

Considemwherea particularsocialnetwork is implementedy all theL levelsfor
the individualsin the network being connectedbecausell the L levels arethe
identical outputsof a single larger processwhich acceptsasinput information
providedby ary of theindividualsin the group. Wheneachindividualin a setof
individualsis connectedandthereis perfectcommunicationthenwe may refer
to this setof peopleasconstitutinga socialnetwork. Eachpersonin this group

15



knowledge

/" N
Spanish | French |
N /
| vision |
/" N
| email | | book |
T T

Figure2: The hierarchiedor incoming informationfrom two differentwritten
sourcesandin two differentlanguages.

recevesinformationatthel level thatindividualsoutsidethe network don't nec-
essarilyreceve.

Thediffusion of informationor of aninnovationis the transmissiorof infor-
mationto someor all of the membersof a domainof individuals,with the com-
municationchannelsggoing from oneindividual to one or more others,with the
recipientin turn possiblytransmittingto oneor moreothers,with time delaysof-
tenoccurringbetweentransmission$gMP85, Rog83]. The diffusinginformation
may spreadrom onepersonto anotherthroughary of a numberof communica-
tion mediaandat varyingrates{Cha86 Jen82LB75, MP85 Rog83].

Persorto persondiffusionis modeledoy eachpersorhaving afoot connected
to several other peoples feet, eachconnectionrepresentinga possiblepoint of
contactbetweerthisindividual andanother Diffusionthroughanindividual thus
depend®ntheindividual receving theinformationandthe decisionbeingmade
to passalongtheinformation.

Multiple headsmay occurwithin the processingf informationby an indi-
vidual human.Informationthatl| receve maybe processedh differentwaysand
viewed differently by the author who is a male, a father and a teacherall of
which may affect differentwaysthe informationis processedjiventhe different
roles. Thesedifferentwaysof knowing allow oneto communicatevith someone
elsewith thesameway of knowing, while communicatiorwith someonelsewill
resultin inverse-functiomoiseaffectingwhatis receved.

Considemsituationwherewe have two overlappinggroupsof languagespeak-
ers,with onegroupspeakingFrenchandone groupspeakingSpanish.Thereis
alsoa groupof peopleusingemail,anda groupnot usingemail. We may model
thissituationasin Figure2 whichshavs multi-headedndmulti-footedprocesses.
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There are consequence® modelinga communicationsystemas a multi-
headednulti-footedmonster Sucha modelclaimsthathierarchiesof processes
“meet” andthatthereis a commonmeetingpoint thatis perhapscritical to the
effective operationof thecommunicatiorsystem.In addition,meetingpointsthat
braclet a setof processeabove andbelov suggestshateachof theseprocesses
may be treatedas a singletype of functionalunit. The existenceof theseunits
hasa naturalsupportandthe studyof theseunitsmay be moreprofitablethanthe
study of units with lesserdegreesof support. Eachunit may evolve, increasing
therateof survival andreproductiorof thosecreaturesvith this function.

8 Characterizing Communicative Processes

Being ableto preciselycharacterizea particularcommunicatiorsystemallows
oneto comparecommunicatiorsystemsincludingdecidingwhethertwo systems
areequvalent,aswell asproviding amethodby which onecanrankcommunica-
tion systemsasedon their characterizationOnemayalsocharacterize system
by namingor describingit, baseduponits content. The Minimum Description
Length(MDL) for a systemis the shortestengththatcandescribeanddifferen-
tiateoneprocesdgrom othersin thedomainof possibleprocessefRis89,WF87].
The Minimal Description(MD) characterizesvhat makesup a systemandthus
identifieswhat is comple< and specialabouteachsystem. A systemwhich is
easyto describehasarelatively shortdescriptionanda smallMDL, while avery
complex systemapproachingandomnessyould have arelatively large MDL.

We are describingonly the two informative processeslefiningthe commu-
nicationsystem. If we have two processesandthereare mary otherprocesses
below them on the hierarchy we may computethe MDL by consideringonly
the complity of the two informative processesyith no attentionbeingpaidto
processedelon. We might, however, chooseto view the world as containing
larger processese.g.,you asa processand me asa processjn which casethe
MDL would be computedor me or for you andmight or might not includethis
medium. Becausehe readerdiffersfrom the author the readerfunctionis nota
perfectinverseof the writer function, makingthe MDL muchlarger thanif the
authorwerewriting for himself,thereadethenbeinganearperfectinverseof the
writer. Theorderingof systemsfrom simpleto comple, canbeaccomplishedby
listing the systemsn orderof their MDL value,e.g.

Order MinimumDescriptionLength(MDL) in bits
1 10° = 1 (simple)
2 102 = 100 (mediumcompleity)
3 10° = 100000 (very comple)

An orderingsuchasthis maybe usedto comparecommunicatiorprocesses.
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9 Summary and Conclusions

A satishctorydefinition of communicatiorshoulddescribethe phenomenorof
interest.A bettermodelwill bothdescribexisting eventsandpredictthecharac-
teristicsof future communicationsThe bestdefinitionswould help explain what
is occurring,aswell asallow usto describeandpredict. The modelof communi-
cationascomplementarynformative processess basedon a setof requirements
for adefinitionof communicatiorandaprecisedefinitionof information. Thepre-
cisionin this modelof information,combinedwith the precisionof the definition
of communicationallows usto stateexplicitly whatis andwhatisn’t information
andwhatis andwhatisn’t communicationOnemaythendefinea communication
aswhatis transmittedrom thebeginningof oneprocesgo theoutputof aprocess
with theinversefunctionality of thefirst process.

Most phenomenaeferredto in the form “X to X communicatiori, suchas
“humanto humancommunication’or “machineto machinecommunicatiori,are
communicatiorunderour definitionof communicationTheseexpressionsmply
communicatiorbetweerthesamdevelsof two differenthierarchiespr, morefor-
mally, betweena function f() andits inversef~!(). Definingcommunicatioras
two complementaryprocessesllows usto both predictwhatwill happenn the
presencef noiseor thefailureof functionsto beexactinversesOnecanalsoun-
derstandhe humanaspect®f communicationaswell asthelow level biological
andphysicalphenomenauchasspeeclor hearingandthe physicaltransmission
of soundthroughtheatmospherer the transmissiorof wordsthroughthe move-
mentof written pages.

Our precisedefinition allows us to include phenomenaswell asto exclude
phenomenaA definition (suchasours)of a phenomenorentralto a discipline
suchascommunicatiormay diminishor excludesomephenomenan two ways:
by sayingthat somethingsn’t the conceptbeingdefined,or thata characteristic
isn’t anintrinsic part of the phenomen#eingdefined,decreasingts importance
to the definitionandto thefield, while not excludingit. A precisedefinitionmay
not explicitly includea numberof phenomenaf potentialinterestto communi-
cationscholarswhile beingconsistenwith lessinclusive definitionsoften used
in the field of Communications.Unlike someotherdefinitions,our modelsug-
geststhata wide rangeof phenomena&anbe viewed aspartof acommunicatre
system,but are not necessarilypart of communication.For example,giventhe
characteristicef communicatiordescribedabore, this pagedoesnot communi-
catewith thereaderbut we might saythatthe authoris communicatingvith the
reader Characteristic®f communicationsuchasintention,arent includeddi-
rectly in the proposediefinition; it isn’t excluded,but it isn’'t explicitly included
either Thedefinitiondiscussedhereis moreinclusive thanmostotherdefinitions,
while at the sametime having morerigor thanmost. This increase®ur under
standingof communicationandcanleadto a more stablefoundationfor the art
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andsciencaunderlyingtheinformationandcommunicatiorprofessionsincluding
librarianship.
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