
CommunicationDefinedas
ComplementaryInformative Processes

�

RobertM. Losee
Schoolof InformationandLibrary Sci.

U. of NorthCarolina-ChapelHill
ChapelHill, NC 27599-3360

U.S.A.
losee@ils.unc.edu

Journalof Information,CommunicationandLibrary Science
5 (3) 1999,pp1–15.

September28,1999

Abstract

Givena setof requirementsfor a definitionof communication,we can
definea communicationasinformationthatentersa processandeventually
leavesits inverseprocess.For example,informationis transmittedby speak-
ing andreceivedafterprocessingby its inverse,hearing.Thisdefinitioncan
beusedto preciselydescribeandexplain communicationphenomenain an
inclusive andexactmanner. Thenatureof processesandtheir development
is considered.Communicationprocessesmay supportotherprocesses,in-
cluding non-communicative, evolutionarily adaptive processessupporting
survival andreproduction.Communicationis expectedto develop in self-
organizingsystems,givencertainassumptions.Receiving processesmaybe
understoodasinformationfiltersandtheirperformancedescribed,predicted,
andunderstood.Theseprecisedefinitionsof communicationandinforma-
tion canserve asthebasisfor a scienceof librarianship.
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1 Intr oduction

Communicationoccursonly whentherearetwo associatedinformationproducing
processesandthe outputfrom oneprocessis the functionalinverseof the other
process’s output. We cansaythatcommunicationoccurredandthat information
wastransferredbetweentheinputto thefirst processandtheoutputof thesecond.
Notethatcommunicationandinformationarenotsynonymousterms.Theformal
incorporationof informationandprocessinto adefinitionof communicationpro-
videsa modelof communicationthatcapturesmuchof thecommonsensemean-
ing of communicationwhile allowing usto bothaccuratelypredictandprecisely
explainagreatdealaboutcommunicationsystems.Dervin [Der93],in discussing
the disciplineof communication,notesthat “It is process,however—the verbs
of communicating—wherewe have somethingto offer that is, if not ultimately
unique,at leastfor now aheadof theothers.”

How do we study“what happensin the elusive momentsof humancommu-
nicatings” [Der93], andwhat are “communicatings”?Whencommunicationis
definedin termsof informativeprocesses,onecanstudyboththeinformationthat
is conveyedandthe processesthat carry it. Definitionsof communicationoften
involve termssuchasknowledge, belief, meaning, or intention. Moving beyond
terminologyaboutwhich many epistemologistsandcognitive psychologistsdis-
agreeto a definitionthat is oftenconsistentwith theseabstractideasbut is based
on morepreciseconceptsenablesusto useandbuild on thedefinition,aswell as
measuretheoutputof communicatingphenomena,bothhumanandnon-human.
Humancommunication,asubsetof all communication,playsaspecialrole in the
studyof communication,but humancommunicationis not equivalentto commu-
nication,andthe formerneedsto studiedasa subsetof the latter. A precisebut
generaldefinitionof communicationbasedon informationrequiresa preciseand
disciplineindependentdefinitionof information[Los97]. This will be provided
below.

Thestudyof communicationphenomenamaybedividedinto theexperimental
andthetheoretical.Experimentalstudiesof communicationphenomenaexamine
how informative processeswork andpreciselywhat informationis provided by
them. Statementsare particularto a specificsituationor domainand general-
izability often becomesproblematic. Theoreticalstudiesof communication,on
theotherhand,addresson a moreabstractlevel thenatureof processesandtheir
outputs,aswell asthe inter-relationshipsbetweenprocessesandtheir inputsand
outputs. Mentioning inputs and outputsbrings to mind introductorycomputer
classeswherethis terminologyis often introduced.Theoreticalcommunication
studiesoftenuseterminologysimilar to thatusedin computerscience,with both
disciplinesborrowing terminologyfrom the interdisciplinarytheorydeveloping
in anareaintersectingmathematics,computerscience,communications,anden-
gineering.Processand informationarebasedon conceptsin this intersectionof
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disciplines.
Why shouldonebeinterestedin aprecisedefinitionof communication?Hav-

ing a usefuldefinitionor modelof a phenomenonallows oneto describeobser-
vationsin a consistentway. In addition,sucha modelmayallow usto accurately
predict the characteristicsof previously unseencommunicationsystems.Most
importantly, asuccessfuldefinitionandmodelhelpsusto explainhow thesystem
operates,leadingoneto anunderstandingof thenatureof thesystem.

A satisfactorydefinitionof communicationshouldpreservesomeof theideas
in thecommonunderstandingof theterm. Sucha definitionshouldbeconsistent
andincludeonly thoseitemsthatneedto beincluded,omitingmentionof aspects
thatneednot beincluded.At thesametime,a definitionshouldallowsusto both
betterunderstandwhat communicationis, definingclearly what phenomenaare
to be includedand which are to be excludedfrom the domainof communica-
tivephenomena,aswell asto measureandevaluatecommunicationsystemsboth
quantitatively andqualitatively. Qualitative studiesemphasizeunderstandingin
a way that demandsprecision,andwe believe that this definition brings to the
disciplineof communicationa precisionthat is necessaryandsufficient for both
qualitative andquantitative studies.The increasedunderstandinggainedfrom a
precisedefinitioncomesfrom statementsof what is andwhat isn’t communica-
tion, aswell ashow a communicative systemfunctions. Being ableto describe
how communicationtakesplaceallows one to manipulatesystemcomponents,
improving thequantityor qualityof communicationtakingplace.A precisestate-
mentof thefunctionof a systemalsoleadsto improvedevaluativemethods,with
feedbackfrom theseleadingto improvedsystems,andsoforth. A clearstatement
of thedomainof studyallowsoneto focusonaphenomenonthatis definitelypart
of communication,andthusworthy of studyin depth,or onemayaddressother
phenomenawith theunderstandingthatthey areclearlylesscentralto thefield.

2 Information

Informationhashistorically beenunderstoodandmeasuredin a wide varietyof
ways.Usuallythesemodelsaredisciplinespecificor limited in scope.For exam-
ple, physicistsspeakof informationin thermodynamicterms,while epistemolo-
gistsdescribeinformationassomethingthat occurswithin the context of higher
level humancognitive processes.We briefly presentherea numberof different
ideasaboutinformation,concludingwith a discipline independentdefinition of
informationthatcanbeusedto provideabasisfor ageneraldefinitionof commu-
nication.

Themostwidely understoodnotionof informationfor Englishspeakingchil-
drenmaybeseenin CookieMonster’sdefinitionof informationas“newsor facts
aboutsomething.” Otherdefinitionstendto be moreexplicitly human-centered,
suchas“information is knowledge.” Similarly, Dretske [Dre81] views informa-
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tion assomethingthat bringsus to certainty, a definition that annoys thosewho
useprobabilitytheoryandassumethatonecannever beabsolutelycertainabout
anything. More formal thanthis is Bar Hillel’ s modelof informationaswhat is
excludedby astatement[BHC53, BH55]. BarHillel’ sdefinitionprovidesabridge
betweenformal andrigorousdefinitionsof informationandtheideaof meaning.
Baseduponearlierthermodynamicmodelsof entropy, Brillouin [Bri56] suggests
that“information is a functionof theratio of thenumberof possibleanswersbe-
fore and after....” and that anything that reducesthe size of the set of answers
providesinformation.Shannon’s modelof informationandcommunication,with
which we assumethe readeris familiar, measuresinformationasinverselypro-
portionalto theprobabilityof asignal[Sha93b,Rit86, Rit91,Los90]. Mostof the
measuresof informationproducenumberssimilar to thoseproducedby thefamil-
iar Shannonmodel,with theamountof informationbeinginverselyproportional
to theprobabilityof anevent.

Severalmeasuresof complexity andinformationexplicitly addressprocesses.
Forexample,severalscholars,includingKolmogorov [Kol65], Solomonoff [Sol64a,
Sol64b], andChaitin [Cha77],have separatelydevelopedmeasuresof the com-
plexity or informationinherentin aprocessasthesmallestalgorithmthatproduces
theoutputproducedby theprocessin question.TheMinimal Description(MD)
of the process,with all redundancy andextraneousmaterialremoved, captures
the essentialnatureof the process.Slightly different thanthis is the Minimum
DescriptionLength(MDL), the lengthof the smallestdescriptionfor a process,
proposedby Wallace[WF87,WB68] andRissannen[Ris89].

One measureof information, seeminglymore popular in the U.K. than in
North America, measuresinformationas inverselyrelatedto the varianceof a
variable[Fis25,Mac69]. As we learnmoreabouta variableor anevent(e.g. the
averageheightof communicationscholars)thevarianceof ourestimatedecreases
andtheinformationincreases.

Thereis a largegapbetweenwhat is providedby a measureandwhat is pro-
videdby adefinition,andmany of themeasuresdevelopedin the“hardest”of the
sciencesdonotexplicitly provideanassociateddefinition.Informationscientists,
for example,may proposea model of an informationrelatedprocessand then
measurea characteristicof themodelwithout necessarilyproviding a cleardefi-
nition of their terms.Definitionshelpclarify theessenceof aphenomenon,while
a measuremaycapturewhat is importantin somerespectaboutthephenomena.
A measurewithoutadefinitionis still useful,howeveradefinitionwould improve
the understandingof the context for mostmeasures.We proposea definitionof
information,followedby a definitionof communication,but onemayalsothink
of eithermoregenerallyasamodelallowing usto measure,describe,andpredict
characteristicsandrelationships.

Informationand communicationmay be definedin relationshipto the pro-
cessesthatmove theinformationfrom thebeginning,or entryof theinformation
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into thechannel,to its exit from thechannel.A processis anaction-mediumthat
movesaninputpresentedto theprocessto theoutput,possiblyassigningnew val-
uesto oneor moreoutputvariables.Weusethetermprocessbecauseof Church’s
thesis,widely believed to be correct[KMA82], which suggeststhat processes,
functions,andalgorithmsall describethesamephenomenon;all thesemodelsof
computationfor mostpurposesareequivalentandonemaydescribeusingoneof
theseandat thesametimesatisfactorilyalsodescribeaseffectively asif onewere
usingoneof theothermodels.

Informationmaybedefined[Los97] as

the valuesfor all variablesin the outputof any process.This infor-
mationis abouteitherthe process,or the inputs to the process(the
context of theprocess),or both.

A processis a setof relatedcomponentsthat produceor changesomething.
Whenstudyinganinformationsystem,theremaybeonelargeprocessor several
smallerprocesses.Thescopeof theprocessis not importantto our definitionof
information,or later to our definition of communication.However, the choice
of how to view a processwill affect how onemay studyor understandthe pro-
cess.For example,thereadermayview theentireprocessthat takestheauthor’s
thoughtsandresultsin thethoughtsbeingunderstoodby thereaderasacommuni-
cationprocess,or onemayview numeroussmallstepsin thewriting, publishing,
andreadingprocessesaslinkedprocesses.Whetherviewedasonelargeprocess
or several smallerprocesses,the informationpresentedat the endof the entire
largeprocessor at theendof thesetof smallerprocessesis thesame.

Theamountof informationproducedby a processmaybemeasured,aswith
Shannon’smodel,asthelogarithm[Har28]of theinverseof theprobabilityof the
stateof naturefoundat theoutputof theprocess.Thismaybeusedfor thevalues
of bothdiscreteandcontinuousoutputvariables.An outputvariablewith a value
having associatedprobabilityof

�����
maybecomputedashaving �	��

� �����

bits
of information,for example.

Wereferto aprocessthatproducesoutputfrom acontext (definedasthesetof
valuespresentedto theinputof aprocess)asaninformationchannel.Thechannel
is thatsetof componentsthatimplementsthefunctionalityinherentin theprocess.
A channelmightbeimplementedby acomputerandits program,or it mightbea
mechanicaldevicesuchasapantographthatreproducesaninputmovementat the
outputwith a pre-specifieddegreeof magnification.

Processesmayconsistentlyproducethesameresultwhengiventhesameinput
andcontext. Thesedeterministicprocessesarewhatmostpeoplemeanwhenthey
refer to a processin anunqualifiedmanner. Giventhesameinput, two identical
probabilisticprocessesmayproducedifferentresults.Theoutputof a probabilis-
tic processmay be describedby a probabilisticdistribution or densityfunction.
Observersof suchaprocessmayunderstandtherandomnessascomingfrom two
sources:inherentlyrandomprocessesanderror-producingnoise.
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The processbaseddefinition of informationdiffers in several respectsfrom
Shannon’s modelof information,to the extent thatShannon’s ideasaboutinfor-
mationmaybeseparatedfrom thosehehadaboutcommunication.Shannonviews
communicationsystemsprimarily astransmittingsymbolsbetweenasourceanda
destination.This is very differentfrom theprocessmodelproposedabove which
producesoutput from input, with no explicit attemptbeingmadeto encodeor
representsomethingsymbolically, or to be messagebased.Shannonnotesthat
his theory is “quite different from classicalcommunicationengineeringtheory
whichdealswith thedevicesemployedbut notwith thatwhich is communicated”
[Sha93a,p. 212]. Shannon’s focusclearlywason themessage.

UnlikeShannon’s model,theprocessmodeldescribesinformationastheout-
comeof any process,not just anencodingprocessin a symbolbasedcommuni-
cationsystem. The processmodelof information,for example,canbe usedto
describeanadditionprocessthatacceptstwo inputsandproducesthesum(infor-
mation)at the output. This outputis informative aboutthe additive processand
the inputs. This notionof aboutnessis similar to Devlin’s notionof a constraint
[Dev91]. While theadditionprocesscouldbe interpretedasencodingthe input,
that is certainlynot a very naturalinterpretationand is certainlynot a required
interpretationif we wish to understandarithmeticsums. Similarly, the process
modelof informationmeasuresthe informationat the outputasproportionalto
thenumberof possiblestatesandtheir relative frequency in theoutput.

Eachprocessacceptsinputs or environmentalcharacteristicsand produces
something(or nothing),giventheseinput values.Thefunction ������� denotesthe
processing(or encoding)of � by function ������� A function ����� , whencombined
with its functionalinverse��� �!��� , acceptsa variable � andproducesasoutput � ,
which waspresentedto the processesat the input; i.e. �"���#� �!�����$� � ��� For ex-
ample,the squareandthe square-rootfunctionsarewell known functionswith
eachbeing the inverseof the other for positive numbers. Thus, % & � � & and' % &�( � � &)�

Consideragaintheadditionfunctionandits inverse.An additionfunctionthat
acceptstwo inputs and producesan output, the sum, discardsinformation that
waspresentat the input (theoutputof otherprocesses).Onecannotwork back-
wardsfrom only thesumto theoriginal two numbers(thereaderis encouragedto
considerwhattheoriginalpairof numbersmighthavebeenif thesumis & .)

Considera functionwhich producesboth thesumof two presentednumbers
andthedifferencebetweenthetwo numbers.This functionhasn’t discardedany
informationin producingthesumandthedifference,in thatonecanwork back-
wardto producetheoriginalnumbers.Considera sumof 3 anda differenceof 1;
onecansolve �+*-, � & and �/.0, �1�

to produce, �2�
and � �3� � Givena

losslessprocess,in whichnoinformationis lostduringprocessing,thereis always
aninverseprocessthatcanrecreatetheinput to thefirst process.

Is thisprecisemodelof informationtoonarrow to beof muchpracticaluseby
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scholars?Saracevic andKantor [SK97] suggestthatsuchnormative approaches,
including “formal and rigorousmodelsinvolving uncertainty....” (p. 532) take
“the narrowestview of information.” We disagree,believing that the above rig-
orousandgeneralmodelrepresentsa very broadview of information,with other
modelsof informationbeingcapableof beingshown to be specialcasesof this
model. Below, we presentwhatwe similarly considerto bea general,yet rigor-
ous,definitionof communication.

3 Defining Communication

Hundredsof explicit andimplicit definitionsof communicationhave beenpub-
lishedin thecommunicationandrelatedliteraturesfor useby scholarsandprac-
titionerstrying to describe,predict,andunderstandcommunicative phenomena.
Thesedefinitionsvary aroundthe commonlanguagedefinitions,with variations
dependingon individual scholarlyinterestsandgeneralscholarlytrends.Thedi-
versedefinitionsof communicationofferedby Hauser[Hau96, p. 7] serve asa
representative, albeit small, sampleof ideasaboutcommunicationfrom a wide
rangeof disciplines. Of seven definitionsprovided by Hauser, threedefinitions
of communicationplacecommunicationin thecontext of humansor organisms,
while amajoritymentiontheeffectof amessageon its recipient.

Edward Wilson notesthat “the ongoingfragmentationof knowledgeandre-
sulting chaosin philosophyarenot reflectionsof the real world but artifactsof
scholarship”[Wil98, p. 8]. Thedefinitionof communicationdevelopedbelow is
bothrigorousandgeneralin capturingall andonly thecommunicationphenomena
in the “real world.” We arenot trying to build on traditionaldefinitionsof com-
municationandour definitionisn’t “an artifactof scholarship”;instead,we build
a modelof communicationson botha precisedefinitionof informationandon a
list of requiredcharacteristicsfor adefinitionof communication.Thus,thereis no
explicit preferencefor which sideshouldwin in long-runningintra-disciplinary
debates,suchaswhetherthereis intrapersonalcommunication,for example.We
assumethatcommunicationhasthefollowingcharacteristics(derivedin partfrom
questionsposedby Motley [Mot90]):

1. communicationis characterizedby informationtransfer,

2. processingtakesplacein communicationsystems,

3. both the senderandthe receiver areactively involved in a communication
system,and

4. thequalityof communicationsvaries.
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Communicationshouldbe definedwithout regardto possiblyfalseassumptions
madeaboutportionsof the communicationsystem.Put differently, we will as-
sumethat numbers1 through4 above needbe the only characteristicsusedin
developinga definitionof communication.We thusbegin developingour model
of communicationfrom observablephenomenaandthe desirablecharacteristics
of adefinitiondescribingthephenomena,not from traditionaldefinitions.

Wechoosenot to placeanemphasisoncommunicationassymbolicin nature.
Motley [Mot90] emphasizesthis symbolic nature,mentioningthat “Cronkhite
(1986) presentsa very compellingcasefor symbolic behavior as the common
denominatorof all communicationstudy.” However, asHauser[Hau96,p. 507]
notes,thesymbolicapproachmaynot bethebestin all situations,althoughit is
certainlya reasonableassumptionfor somemodelsof communication.We also
choosenot to focuson intentionality, motivation,or thebehavior of thesenderor
receiver. Instead,we adoptanapproachthat,with theprecisemodelof informa-
tion developedabove, providesuswith a morephysical,observable,andprecise
setof requirementsfor a definitionof communication.

We may definecommunicationin a preciseand information-basedmanner
usingthecharacteristicsabove,allowing usto understandthemechanismsunder-
lying communication.

Communicationoccursif, andonly if, informationmovesfrom the
input to oneprocessto the outputfrom a secondprocess,the latter
processbeingtheinverseof thefirst process.

We refer to the informationat theoutputof this inverse,receiving, process,asa
communication.Communicationis morecomplex thaninformation;communica-
tion processesarecomposedof multiplecomplementaryinformativeprocesses.

Herewe have two informativeprocesses,thesecondof which “undoes”what
thefirst process“does.” Viewedloosely, hearing,for example,undoeswhatspeak-
ing does.Telephonesprovide communicationcircuits,providing aninput device
at one end of a connectionand an inverse,decodingprocessat the other end.
Similarly, the languagecomponentof a persontalking on the telephonemay be
saidto communicatewith the(inverse)languagecomponentof the listener. The
knowledgecomponentsof thetwo arein communication.

Usingthismodelof communication,wemaydefineacommunicationreceiver
astheimplementationof a function � � � �4� where ����� is referredto asthecommu-
nicationtransmitter.

If thefirst processmerelycopiestheinput to theoutput,andtheinversepro-
cesscopiesits inputto its output,communicationis takingplaceunderourmodel.
This “straightwire” systemclearlyneitherencodesnor decodes,showing anob-
vious differencebetweenthis model and other modelsbasedon encodingand
decodingof messages. Noneof thesethreeconceptsis essentialto our modelof
communication.Weusethecommunicationjargon“encoding”and“decoding”to
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Knowledge 5 Knowledge6 7
Language 5 Language6 7

Sound 8+9 Sound

Figure1: A hierarchicalmodelof humancommunicationsrepresentingthe pas-
sageof somethingbeingtransmitted,beingtransformedor encoded(left) andde-
coded(right). Thestraightright arrow representsa physicalconnectionbetween
theprocesses,while thesquiglyright arrows for thehigherlevelsrepresentchan-
nelsprovidedby thelower level processes.

represent����� and ��� �!��� but notethatin casessuchasthe“straightwire” systemit
becomesclearthatthisterminologycapturestheessenceof thiscopying operation
only weakly, if atall.

Not all informationtransmittedrepresentscommunication.Givencommuni-
cationdefinedin termsof inverseprocesses,thepageyou arereadingisn’t com-
municatingwith you. You arereceiving the informationthat is on the pagebe-
causeof visual processes.The authoris communicatingwith you throughpro-
cessesthatfirst took ideasresultingin written text, andaninverseprocesswithin
thereaderis takingwritten text andtransformingit backinto thoughts.Similarly,
if onepersonis talking to anotherandis nervous,thenervousnessmaybecom-
municatedto anyonewho cantranslateobservedperspiringor a quiveringvoice
or shakinghandsinto anunderstandingthatthefirst personis nervous.

Figure1showsahierarchyof processesusedfor informationtransferandcom-
munication.Considereachhierarchyrepresentingan individual. Onecommuni-
catesheror his knowledgein language,which is furthertransformedor encoded
assounds.Thesearedecodedontheright handside,producinglanguagefrom the
soundsusinganinversefunction,andthelanguageis convertedbackinto knowl-
edge,againthroughthefunctioninverseto thefunctionthatinitially transformed
theinformation.Thedecodingtakesplaceon theright handside,with ascending
function ��� �!����� representingtheinverseof the ���:��� function;thefunctionsonthe
right handsideof Figure1 “undo” whattheearlierprocesseson theleft “did.”

In additionto differentphysicalphenomenabeingmodeledby specificlayers
of ahierarchy, psychologicalandepistemologicalphenomenamayberepresented
by layersin acommunicationhierarchy[Los97]. For example,aperceptionfunc-
tion mayhaveasoutputabelief instilled in theindividual,andabelief functionin
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turnmayproduceknowledge.
Notethat thechoiceof a hierarchyasa structureis arbitraryandthata setof

communicationprocessesmaybealsounderstoodasplacedin astraightline,with
onesetof processesproducinginformationwhich is thenpresentedto theinputs
to theinverseprocesses.Usingthenotionof ahierarchyfacilitatesanunderstand-
ing of the relationshipbetweenrelatedindividual informationprocessesandthe
largercommunicationprocesses.We alsodo not meanto imply thatencodingor
decodingasShannonviewedtheseoperationsareessentialto this modelof com-
munication.While thehierarchicalmodelemphasizestransformationswhichmay
beinterpretedasthetraditionalencodinganddecodingfoundin moretraditional
Shannesquemodels,rememberthatastraightwire mayallow oneendto commu-
nicatewith the otherend,with little processingpresentto suggestthe encoding
anddecodingmetaphor.

This modelof communicationdiffersfrom many moretraditionalapproaches
to communication.At thecoreof thedifferenceis thatthemodelusedhereis not
human-centered.It doesn’t have beinghuman,or evenorganic,asa prerequisite
for beinganendpointin a communicationsystem.This expandscommunication
systemsto includeprocessorssuchascomputers,aswell aslesssophisticatedre-
producingdevicessuchasphotocopiers.By not arbitrarily limiting thesystemto
humans,little is lost andmuchis gained,bothby describingphenomenaoutside
humansthatseemvery similar to what is traditionallyreferredto ascommunica-
tion andby greatlysimplifying thedefinitionandmakingit precise.Becausethe
definitionis not explicitly biological in nature,it is alsonot explicitly intentional
in nature.Intentionalcharacteristicscanbeincorporatedinto processes;modeling
communicationas complementaryprocessescan be consistentwith intentional
processesandhumancommunication,allowing modelsof communicationsuch
asthat describedby SperberandWilson [SW95] to be seenasdescribingcom-
municationsthatarespecialcasesof this moregeneralmodelof communication.
Unlike many modelsof communication,however, our communicationprocesses
arenot limited to intentionalor humanphenomena.Similarly, communication
doesnot have to transmitmeaningor be intrinsically symbolic,althoughthese
phenomenacanbe incorporated.This differs from Shannon’s modelof commu-
nication,which beginswith a sourcewhich ”producesa messageor sequenceof
messagesto be communicatedto the receiving terminal” [Sha93b,p. 6]. Simi-
larly, whenShannonsaysthatwecan”roughly classifycommunicationsystems,”
thecategoriesaredescribedashaving amessagecomponent[Sha93b,p. 7–8].

ScholarssuchasOliphant[Oli97] haveacceptedthatmany of thepopularex-
istingdefinitionsof informationareinadequatefor theirwork andhavedeveloped
their own definitionsfor thepurposesof their research.We believe that thepro-
poseddefinitionof communicationis a universal,domainindependentdefinition
thatallows for many of theconcernsmotivatingotherdefinitionsof information.
We thusfeel thatthisdefinitionservesasa commondefinitionof communication
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for thefield, providing acommonlanguage.Additionalconstraintsmaybeadded
to this,but they arenotpartof thefundamentalnatureof communication;they are
additionalconstraintsthatmayor maynot beworthyof discussionbasedon their
own merits.

As wedefinedaninformationchannel,wemaydefineacommunicationchan-
nel as the set of componentsin the universethat implementthe functionality
neededfor thecommunicationprocessto take place.Becausecommunicationre-
quirestwo or moreinformationprocesses,a communicationchannelalwayscon-
sistsof two or more informationchannelsin series. By usingthe word needed,
we refer only to thosecomponentsthat directly andobviously contribute to the
operationof the channel,ignoring the fact that a butterfly moving on the other
sideof theworld doesaffect theperformanceof a communicationsystemon the
reader’s sideof theworld.

Using this model of communication,we may measureboth the amountof
informationthatis presentat differentpointsin themodel.For example,we may
measurethe amountof informationenteringthe systemaswell ascaptureand
describethe informationat the output of the first and secondprocessesand at
intermediatepointsin acommunicationhierarchy.

4 Basisfor a Hierar chy

For a systemto be a communicationsystem,it mustbe composedof two com-
plementaryinformativeprocesses.If we areto studya communicationsystemas
composedof morethanonefunction, that is, we chooseto treatit assomething
other thanan indivisible whole, it is necessaryto breakthe larger processinto
smallerprocesses.Centralto breakinga processinto partsis determiningwhich
descriptionsof processesaremostnaturalandbesthelpusdescribe,predict,and
understandthe communicationsystem. In somedecompositions,the resulting
sub-processesmay appearto be natural,having a reasonableexplanation,while
in othercases,thedivision into sub-processeswill appearveryarbitraryin nature
with unnaturalsub-processes.Obviously, a decompositionthatproducesreason-
ableexplanationsis superiorto onewheretheboundariesbetweenprocessesare
arbitrarilychosen.

Communicationprocessesmay be delimitedso that they representan entire
receiveror anentiresender, or processesmaybeviewedasbeingmuchsmaller, so
thatmany of thesesmallerprocessestogetherconstitutetheprocessingcapability
of an individual. If the mostnaturalform of a hierarchyis with a largenumber
of smallprocesses,it maybeeasiestfor anorganismto learnthedetailsof each
smallerfunctioninsteadof learningthenatureof a single,largefunction. On the
otherhand,in somecasesit may be beneficialto definea processlarger thana
singleindividual,with, for example,a groupof peopleproducinga document,or
an individual readinga document,includingthedocumentandits production,in
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asinglelargeprocess.
Therearea numberof processesthatoccurfrequentlyin higherlevel species,

including a numberof componentsto naturallanguageprocessing,suchas the
movementof vocal cords,the receptionof soundandits translationinto neural
signals,syntacticprocessing,andphonologicalprocessing.Hocketthassuggested
thatthereareat least13differentfeatures(andthusfunctions)in humancommu-
nication [Hau96,p. 47]. No other specieshasall 13 features,althoughmany
specieshave several. Thesemayserve asa basisfor anunderstandingof thehu-
manprocessesin naturallanguagecommunicationhierarchies.

Thoseprocessesthat exist andare observableare more likely to have con-
tributed to the survival of the greatersystemswithin which the processexists
thanarelessadaptableprocessesthatdid not contributeasmuch.A processmay
contribute to its own survival, or it may contribute to the survival of similar or
identicalprocessesin othersystems,whencontributing to the survival of others
increasesthe chancefor similar processesto appearin future systems.For ex-
ample,someonewho cancommunicatethe natureof a vaccinefor a childhood
diseasethatcansave thelivesof millions of childrenmaynot increasetheir own
chanceof survival but will increasethe numberof communicative humanswith
intellectualabilitiessimilar in somerespectsto thoseof thevaccine’sdeveloper.

We refer to systemsthat take on increasinglysophisticatedandnon-random
structuresasthey evolve asself-organizingsystems.Functionsmay be learned
or mayevolve throughself-organizationover time. This oftenoccursbecausein-
creasedorganizationor structureitself leadsto increasedadaptabilityandsurvival,
althoughwe shouldnot make themistake of assumingthat increasedcomplexity
necessarilyimpliesincreasedsurvivability [Gou97]. Throughlearningprocesses,
a function may infer the characteristicsand parametersof a function of inter-
estthroughsupervisedlearning,wherelabeledcasesarelearnedwheninferring
a generalizingprinciple. The effect of learningalsomay be producedthrough
evolution, with randomlygeneratedvariationseithersurviving with increasedor
decreasedfrequency over time. Thishastheeffectof learningadaptivecharacter-
istics.

Learningcommunicative functionsthroughevolutionary processesrequires
thepresenceof a higherlevel layer thatbothproducesandreceivesinformation.
In thecaseof beessaidto becommunicatingthroughdancing, thereis a process
abovethedancingprocess(whichhasevolved)thatallows thedancingprocessto
bebeevolutionarilysupportedby increasingthesurvival rateof beeswith dancing
(or understanding)skills.

Any processlocatedaboveanotherprocessmaybeagoalprocessthatrewards,
allowing the functionbeforeit to evolve. We refer to a function thatmaximizes
a goal function asmaximallyuseful. For an informative function to be learned
genetically, it mustsupportagoalwhich is relatively constantin thespecies,with
evolution leadingtoward it becomingmaximally useful. Goal processesoften
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contribute towardreproductive behavior or aresurvival related.Communication
processesproduceresultswith thesystemsin which they occursuchthatsimilar
processesareas likely or more likely to survive andreproducethan they were
before.This is becauseintroducingcommunicativecapabilitiesessentiallymakes
a systemlarger, which canleadto increasedself-organization,thanwould bethe
casewith individual,smaller, non-communicativesystems.

Givenourmodelof communication,communicationsystemsarelikely to de-
velopin self-organizingsystemsbecauseof their supportfor whatareconceptu-
ally largersystems,leadingto moreself-organizationandincreasedadaptability.
We assumethat it is almostaslikely that if oneprocessevolvesthenits inverse
will alsoevolve. We alsoassumethat informationaboutanothersystemmaybe
beneficialto thesystemin questionundermany circumstancesandthuscommu-
nicationsystemsareevolutionarilyadaptive.

5 The Performanceof Processes

All receiving informativeprocesseswithin acommunicationsystemmaybeviewed
asfiltering processes,selectively providing informationto a processimmediately
succeeding(above) it in the right half of the hierarchy. Someprocessespassno
informationto succeedingneighboringprocesses,someprocessesselectively pass
information,while otherspassall input informationto theirneighbor.

A neighborprocesswhoseoutputis inputtoasecondprocessis referredtoasa
context for thesecondprocess.Whenall input to aparticularprocesscomesfrom
theoutputof anotherprocess,thelatterprocessis the full or completecontext for
theformerprocess.Thecontext maybeviewedasproviding aqueryor statement
of informationneedfor afiltering process.

A filtering processacceptsinformation from the processbelow and, based
upon the context and the interestsandneedsit represents,will transmitor not
transmitinformationto thelevel aboveit, dependingontheincominginformation
andthe context provided from its predecessorandotherprocesses.Information
thatis passedto ahigherlevel processmaymodify thecontext itself andmaythus
affect futurefiltering actions.Thefiltering processmaythusberecursive.

Considera messagewith one binary characteristicwhich would occur in a
noiselessinformative processtransmittinga singlebit. Thecharacteristicoccurs
with probability(andaveragefrequency) ; in messagesto bepassed(referredto
asrelevant messages)andprobability (andaveragefrequency) < in all messages
[Los98]. If a filter attemptsto passonly thosemessagesat or above theaverage
positionof relevant messagesin a list of messagesorderedby decreasingrele-
vance,thepercentof all messagesthatwill bepassedis

� .=� � .";>*/<$� �
� � Smaller
valuesrepresentbetterfiltering performance.Clearly, otherfiltering performance
measureswill beneededwith morecomplex termrelationshipsandprobabilistic
distributions,but this indicatesthekind of resultthatmaybeobtained,increasing
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ourunderstandingof communicationsystems.

6 Imperfect Communication

Defining communicationas the outputof two complementaryinformative pro-
cessesdescribescommunicationin anidealnoiselessenvironmentwherethesec-
ondfunctionis a perfectinverseof theother. Here,thesecondfunctionperfectly
“undoes”what thefirst function“does” andthereis no noiseintroducedinto the
system.

In therealworld,however, thereis almostalwaysnoisepresentandcommuni-
cationis imperfect,exceptin thepresenceof errorcorrectingcodesthatallow the
recipientof amessageotherthanthemessagethatwassentto recovertheoriginal
message[Ham86,Los90].

We refer to the outputof a noisy communicationchannelasnoisemodified
communication. Communicationsreceived that have beennoisemodified but
canbeunderstoodaccuratelyor usedby a human,evengiventhenoiseinduced
changesin it, areacceptablenoisycommunications. Theseerrorsor noisemay
beinducedby externalprocessesandevents,causingtheinformativeprocessesto
functiondifferentlythanthey wouldwithouttheerrorproducingprocess.Noiseor
errorsin theinformationmaybeviewedasadditive if theoperationsof eachpro-
cessareindependentof theoperationsof theotherprocessesandtheseprocesses
arein series.

In many cases,theinversionprovidedby a process� or � � � is imperfect,that
is, for some ��? it will be the casethat �"�4� � � �����$�A@� ��� For example,consider
the casewherethe authorwho grew up in the northernUnited Statesrefersto
snowwhentalking with his daughter, who hasspenther life in thesouthernhalf
of thecountry. Theauthor’s hierarchyencodesa certainsetof meaningsassnow
while hisdaughterdecodesthetermsnowasaratherdifferentphenomenon.Here
thedaughter’s receiving function isn’t theexact inverseof her father’s encoding
function.

The acceptabilityof noise-modifiedor imperfectly invertedcommunication
maybebestviewedaseitherbinaryor continuous.Theexactnatureof theaccept-
ability functionis anempiricalquestionto bedeterminedfor any givencommuni-
cationchannel.Binary acceptabilityoccurswhena messageis eitheracceptable
or notacceptable.Acceptabilitymaythusoccurwhenthemessageis similar to at
leastacertaindegreeto anexpectedmessage.Acceptabilitymayalsobecontinu-
ouslyvalued,thatis, theacceptabilityitself cantakeany of arangeof valuesfrom,
for example,0 to 1, dependingon how closetheacceptabilityis to thebest-case
acceptabilityandtheworst-caseacceptability.
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7 Branching Communication Hierar chies

Theproposeddefinitionof communicationsystemsascomplementaryinformative
processesenablesoneto accuratelymodelandunderstandarangeof communica-
tion phenomena.With thismodel,wecandescribeandpredictthecharacteristics
of previouslyunstudiedsystems.While thelinearhierarchypresentedabovecap-
turessimplecommunicationenvironments,the usefulnessof the modelmay be
improvedsignificantlyif weallow asingleprocessto havemultipleprocessesbe-
neathit (whichwereferto asmultiple feet) andmultipleprocessesaboveasingle
process(which we refer to asmultiple heads). Doing this allows claims to be
madeaboutmultiple headsandfeet that morecloselyreflect the complexity of
real world settings.In addition,graphtheoreticcommunicationmodelsmay be
appliedto complex structures,providing a wider rangeof both quantitative and
qualitativemodelsof communication.

Considerthat the authormight be able to communicatewith you through
thispublication,or throughemail,hand-writtencorrespondence,or by telephone.
Eachdifferentmediumcanbe representedby a differentfoot. Theauthor’s lan-
guagecomponentcanbe understoodashaving below it several feet, eachcon-
sistingof oneor morecommunicationprocessesconnectingthe authorandthe
reader.

Modeling socialcommunicationsystemsmay be facilitatedby usingmulti-
ple “feet” in the model. A group of peoplehaving a particularrelationshipis
referredto asa socialnetwork, which may be studiedqualitatively [Cha92]or
quantitatively [WF94]. Thestudyof socialnetworkscanbeviewedasthestudy
of which processingfeet exist for eachindividual and what other feet in what
otherhierarchiesindividualsusefor communication.For example,assumethat
eachindividual hasa hierarchyandthat therearethreelevelson eachhierarchy:
high (H), medium(M), andlow(L):

HB
MB
L

Considerwherea particularsocialnetwork is implementedby all theL levelsfor
the individualsin the network beingconnectedbecauseall the L levels are the
identicaloutputsof a single larger processwhich acceptsas input information
providedby any of theindividualsin thegroup.Wheneachindividual in a setof
individualsis connectedandthereis perfectcommunication,thenwe may refer
to this setof peopleasconstitutinga socialnetwork. Eachpersonin this group
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knowledgeC D
Spanish FrenchD C

visionC D
email bookE E

Figure2: The hierarchiesfor incoming information from two differentwritten
sourcesandin two differentlanguages.

receivesinformationat theL level thatindividualsoutsidethenetwork don’t nec-
essarilyreceive.

Thediffusionof informationor of aninnovationis the transmissionof infor-
mationto someor all of themembersof a domainof individuals,with thecom-
municationchannelsgoing from oneindividual to oneor moreothers,with the
recipientin turn possiblytransmittingto oneor moreothers,with time delaysof-
tenoccurringbetweentransmissions[MP85, Rog83]. Thediffusing information
mayspreadfrom onepersonto anotherthroughany of a numberof communica-
tion mediaandatvaryingrates[Cha86, Jen82, LB75, MP85, Rog83].

Personto persondiffusionis modeledby eachpersonhaving a foot connected
to several otherpeople’s feet, eachconnectionrepresentinga possiblepoint of
contactbetweenthis individualandanother. Diffusionthroughanindividual thus
dependson theindividual receiving theinformationandthedecisionbeingmade
to passalongtheinformation.

Multiple headsmay occurwithin the processingof informationby an indi-
vidualhuman.InformationthatI receive maybeprocessedin differentwaysand
viewed differently by the author, who is a male,a father, anda teacher, all of
which mayaffect differentwaysthe informationis processedgiventhedifferent
roles.Thesedifferentwaysof knowing allow oneto communicatewith someone
elsewith thesamewayof knowing,while communicationwith someoneelsewill
resultin inverse-functionnoiseaffectingwhatis received.

Considerasituationwherewehavetwooverlappinggroupsof languagespeak-
ers,with onegroupspeakingFrenchandonegroupspeakingSpanish.Thereis
alsoa groupof peopleusingemail,anda groupnot usingemail. We maymodel
thissituationasin Figure2whichshowsmulti-headedandmulti-footedprocesses.
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Thereare consequencesto modelinga communicationsystemas a multi-
headedmulti-footedmonster. Sucha modelclaimsthathierarchiesof processes
“meet” andthat thereis a commonmeetingpoint that is perhapscritical to the
effectiveoperationof thecommunicationsystem.In addition,meetingpointsthat
bracket a setof processesabove andbelow suggeststhateachof theseprocesses
may be treatedasa singletype of functionalunit. The existenceof theseunits
hasanaturalsupportandthestudyof theseunitsmaybemoreprofitablethanthe
studyof units with lesserdegreesof support. Eachunit may evolve, increasing
therateof survival andreproductionof thosecreatureswith this function.

8 Characterizing CommunicativeProcesses

Being able to preciselycharacterizea particularcommunicationsystemallows
oneto comparecommunicationsystems,includingdecidingwhethertwo systems
areequivalent,aswell asproviding amethodby whichonecanrankcommunica-
tion systemsbasedon their characterization.Onemayalsocharacterizea system
by namingor describingit, baseduponits content. The Minimum Description
Length(MDL) for a systemis theshortestlengththatcandescribeanddifferen-
tiateoneprocessfrom othersin thedomainof possibleprocesses[Ris89,WF87].
TheMinimal Description(MD) characterizeswhatmakesup a system,andthus
identifieswhat is complex and specialabouteachsystem. A systemwhich is
easyto describehasa relatively shortdescriptionanda smallMDL, while a very
complex system,approachingrandomness,wouldhavea relatively largeMDL.

We aredescribingonly the two informative processesdefiningthe commu-
nicationsystem. If we have two processes,andtherearemany otherprocesses
below them on the hierarchy, we may computethe MDL by consideringonly
thecomplexity of the two informative processes,with no attentionbeingpaid to
processesbelow. We might, however, chooseto view the world as containing
larger processes,e.g.,you asa processandme asa process,in which casethe
MDL would becomputedfor meor for you andmight or might not includethis
medium.Becausethereaderdiffers from theauthor, thereaderfunction is not a
perfectinverseof the writer function, makingthe MDL muchlarger thanif the
authorwerewriting for himself,thereaderthenbeinganear-perfectinverseof the
writer. Theorderingof systems,from simpleto complex, canbeaccomplishedby
listing thesystemsin orderof theirMDL value,e.g.

Order MinimumDescriptionLength(MDL) in bits
1

�GF�HI�J�
(simple)

2
�GF � �J�GF
F

(mediumcomplexity)
3

�GF�KI�J�GF
F�F
F
F
(verycomplex)

An orderingsuchasthismaybeusedto comparecommunicationprocesses.
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9 Summary and Conclusions

A satisfactorydefinition of communicationshoulddescribethe phenomenonof
interest.A bettermodelwill bothdescribeexistingeventsandpredictthecharac-
teristicsof futurecommunications.Thebestdefinitionswould helpexplain what
is occurring,aswell asallow usto describeandpredict.Themodelof communi-
cationascomplementaryinformativeprocessesis basedon a setof requirements
for adefinitionof communicationandaprecisedefinitionof information.Thepre-
cisionin this modelof information,combinedwith theprecisionof thedefinition
of communication,allowsusto stateexplicitly whatis andwhatisn’t information
andwhatis andwhatisn’t communication.Onemaythendefinea communication
aswhatis transmittedfrom thebeginningof oneprocessto theoutputof aprocess
with theinversefunctionalityof thefirst process.

Most phenomenareferredto in the form “X to X communication,” suchas
“humanto humancommunication”or “machineto machinecommunication,” are
communicationunderour definitionof communication.Theseexpressionsimply
communicationbetweenthesamelevelsof two differenthierarchies,or, morefor-
mally, betweena function ���4� andits inverse��� �!���L� Definingcommunicationas
two complementaryprocessesallows us to bothpredictwhatwill happenin the
presenceof noiseor thefailureof functionsto beexactinverses.Onecanalsoun-
derstandthehumanaspectsof communication,aswell asthelow level biological
andphysicalphenomenasuchasspeechor hearingandthephysicaltransmission
of soundthroughtheatmosphereor thetransmissionof wordsthroughthemove-
mentof writtenpages.

Our precisedefinitionallows us to includephenomenaaswell asto exclude
phenomena.A definition(suchasours)of a phenomenoncentralto a discipline
suchascommunicationmaydiminishor excludesomephenomenain two ways:
by sayingthatsomethingisn’t theconceptbeingdefined,or thata characteristic
isn’t an intrinsic partof thephenomenabeingdefined,decreasingits importance
to thedefinitionandto thefield, while not excludingit. A precisedefinitionmay
not explicitly includea numberof phenomenaof potentialinterestto communi-
cationscholars,while beingconsistentwith lessinclusive definitionsoftenused
in the field of Communications.Unlike someotherdefinitions,our modelsug-
geststhata wide rangeof phenomenacanbeviewedaspartof a communicative
system,but arenot necessarilypart of communication.For example,given the
characteristicsof communicationdescribedabove, this pagedoesnot communi-
catewith thereader, but we might saythat theauthoris communicatingwith the
reader. Characteristicsof communication,suchasintention,aren’t includeddi-
rectly in theproposeddefinition; it isn’t excluded,but it isn’t explicitly included
either. Thedefinitiondiscussedhereis moreinclusivethanmostotherdefinitions,
while at the sametime having morerigor thanmost. This increasesour under-
standingof communication,andcanleadto a morestablefoundationfor theart
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andscienceunderlyingtheinformationandcommunicationprofessions,including
librarianship.
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