Representational Content in Humansand MachinesMark H. BickhardMark H. BickhardDepartment of PhilosophyLehigh UniversityBethlehem, PA 18015215-758-3633MHB0@LEHIGH.EDUThanks and acknowledgements are due to many people for comments,suggestions, questions, objections, and discussions that have contributed to thispaper. These include: Phil Agre, Bob Barnes, Gordon Bearn, Terry Brown,Donald Campbell, Robert Campbell, Michael Chapman, Ron Chrisley, BillClancey, Robert Cooper, Ken Ford, Clark Glymour, Steve Goldman, RichardKitchener, Ben Kuipers, Ralph Lindgren, Josef Perner, Benny Shanon, LorenTerveen, and, most especially, Norman Melchert. The multitudinous errors andomissions that remain are entirely my responsibility.Bickhard, M. H. (1993). Representational Content in Humans and Machines.Journal of Experimental and Theoretical Artificial Intelligence, 5, 285-333.

Representational Content in Humansand MachinesMark H. BickhardAbstractThis article focuses on the problem of representational content. Accounting forrepresentational content is the central issue in contemporary naturalism: it is themajor remaining task facing a naturalistic conception of the world.Representational content is also the central barrier to contemporary cognitivescience and artificial intelligence: it is not possible to understand representationin animals nor to construct machines with genuine representation given current(lack of) understanding of what representation is. An elaborated critique isoffered to current approaches to representation, arguing that the basic underlyingapproach is, at root, logically incoherent, and, thus, that standard approaches aredoomed to failure. An alternative model of representation � interactivism � ispresented that avoids or solves the problems facing standard approaches.Interactivism is framed by a version of functionalism, and a naturalization of thatfunctionalism completes an outline of a naturalization of representation andrepresentational content.Key words: artificial intelligence, cognitive science, connectionism, control,emergence, encodingism, epistemology, Fodor, functionalism, idealism,information, innatism, interactivism, narrow content, naturalism, ontology,representation, semantics, skepticism, transduction

Representational Content in Humansand MachinesMark H. BickhardThis chapter focuses on the problem of representational content. The problem ofrepresentational content is among the most contentious issues in contemporary artificialintelligence, cognitive science, and the philosophy of mind. It is not a new problem,however, and in fact has been around � unsolved � for millennia. What is new aremany new conceptual tools and approaches and at least some sense of what went wrongwith earlier attempts at solution. Nevertheless, I will argue that contemporary approachesto the problem of representational content are committed � sometimes explicitly, moreoften implicitly via unexamined presuppositions � to the same fundamental error thathas dominated thought about the mind since at least Aristotle. If so, then attempts tounderstand human or other animal representational content, or to build machines withgenuine representational content, are doomed to failure so long as they remain within thisflawed framework. To escape from this trap, I offer a fundamentally different alternativeconception of the nature of representation � one that does provide a framework forunderstanding representation in human beings and for building machines with genuinerepresentation. I begin with a little recent historical and philosophical contextualization.The problem of representational content is a central aspect of the problem ofintentionality � of how any system or agent can instantiate any sort of ’aboutness’relationship with its world. Representational content constitutes the system’s knowledgeof what (a) representation is supposed to represent, prior to any questions of warrant ortruth value or consciousness of or attitude toward that representation. Representationalcontent is whatever it is that constitutes a representation of a dog as representing a dograther than as representing something else, or rather than not being representational at all.It is, of course, possible that the problem of representational content cannot be solvedindependently of solving some of the related problems of intentionality � warrant ortruth value or attitude, perhaps.The problem of representational content is particularly troublesome within theframework of contemporary naturalism � whether functionalism, computationalism,instrumentalism, eliminativism, or any other variety; it is worth keeping in mind,however, that no satisfactory solution has ever been offered even within the framework ofa non-naturalism � an ontological dualism, for example. Content yields a particularlyuncomfortable problematic for naturalisms, however, since content is central tointentionality, and intentionality, in turn, is the fundamental challenge to naturalism.Mind, especially with respect to its properties of intentionality, seems so fundamentallydifferent from the rest of the natural world that the prima facie case would seem to be forsimply accepting that difference in an ontological dualism.Prior to the relatively modern successes of physics, chemistry, and physiologicaland evolutionary biology, in fact, some such dualism did seem to be obvious andunavoidable. The naturalistic successes of providing integrated accounts of suchphenomena as fire, chemical powers and affinities, life, and so on, however, has switchedthe contemporary presumption in favor of naturalism. It is now assumed that allphenomena will eventually come under some sort of naturalistic understanding.

2Intentionality, and representational content, however, are not only among the earliest andmost serious apparent counterexamples to any such hopes for naturalism, they are todayalso just about the only hold outs that haven’t yet succumbed to naturalistic analysis.Naturalism about representational issues (especially naturalisms of certaincomputer-compatible forms) has received an enormous boost from the development ofcomputers, and from subsequent progress in artificial intelligence and cognitive science.So many aspects of representation seem to be so powerfully capturable by such systemsand within current frameworks that the working presumption is that all aspects will besimilarly capturable. There are even naive claims that they have already been captured(Laird, Newell, Rosenbloom, 1987; Newell, 1980a, 1980b; see Bickhard and Terveen, inpreparation).Notoriously, however, that has not yet happened. Recognition that somethingfundamental remains missing goes by such terms as "the empty symbol problem,"(Block, 1980b) or "the symbol grounding problem." (Harnad, 1990) Major battles arefought in the theoretical frontiers of cognitive science and in the philosophy of mind overalternative approaches and proposals in this arena. Progress has been made at least in thesense of reaching relative consensus that certain approaches � like behaviorism �cannot work, but there is no consensus concerning what will work.If the thesis of this chapter is correct, however, then none of the currentlyproposed approaches to the problem can possibly work: they all share, with each otherand with the last two thousand years of thought in this domain, an underlying logicalincoherence in their presuppositions. Specifically, they all propose or presuppose thatrepresentation is fundamentally constituted as some form of encodings. Demonstratingthat this assumption is necessarily false and incoherent, and providing at least anadumbration of an alternative conception of representation, is the burden of this chapter.The discussion will proceed in six steps: 1) providing an explication of whatencodings are, 2) presenting an initial demonstration of the incoherence of assuming thatrepresentation is constituted as encodings, 3) showing that a number of ’alternative’approaches are in fact only variants of this general encodingism framework, 4)developing several corollaries of the basic incoherence argument, both for the purpose ofstrengthening the force of the conclusion, and to gain further insight into a diagnosis ofwhat is wrong with encodingism, 5) presenting several illustrations of encodingistdistortions and false directions in contemporary literature � with J. Fodor as arepresentative primary source, and 6) presenting an alternative conception ofrepresentation and showing that it is not vulnerable to the critiques of encodingism. Thediscussion then returns to some of the problems vexing contemporary encodingismwithin the (hopefully) illuminating perspective provided by that alternative model ofrepresentation.What are Encodings?The nature of encodings will be explicated in terms of the patent paradigm case ofMorse code. I will argue that all genuine representational encodings have the same basiccharacter as those of Morse code, and that it is logically incoherent to assume that allrepresentation has this character.In particular, the property that I want to extract from Morse code is that encodingsare stand-ins for what they encode: ". . ." stands-in for "S", and "- - -" stands-in for "O".These stand-ins are useful because dots and dashes can be sent over telegraph wires,

3while "S" and "O" cannot. Similarly, extremely complex manipulations at fantasticspeeds are possible on the bit pattern stand-ins in a computer, but not on characters. Ingeneral, encoding stand-ins change the form and the medium of representations becauseof differing potentialities of manipulation in the differing forms and media.The critical point, however, is that such stand-ins represent whatever theyrepresent � carry whatever representational content that they carry � by virtue ofhaving borrowed it from whatever they are standing-in for. The stand-in relationship is arelationship of representational content transfer. But, in order for such a transfer tooccur, in order for an encoding to be defined, some already existing representation (orstring of representations) must already carry the desired representational content.Encodings are defined in terms of already present representations, and cannot berepresentations, cannot carry any representational content, except via such stand-inrelationships.This is, of course, not problematic for genuine encodings, such as Morse code orcomputer codes. The stand-in relationships are explicitly defined by the designers orusers. In fact, such definitions can iterate for any finite number of levels: "X" can bedefined in terms of "Y", while "Y" is defined in terms of "Z", for example. They cannotiterate unboundedly, however: that would require an unbounded regress of actualencoding relationships in order for the top levels to carry any representational content atall.The Incoherence of EncodingismThe consequence is that any such definitional levels must be finite in number,and, therefore, that there must be a lowest level. It is at this presumed lowest level thatwe encounter impossibilities of principle in the assumption that this lowest level is itselfconstituted as encodings. In particular, if it is assumed that representation is intrinsicallyconstituted as encodings, then this lowest level must be itself constituted as encodings.But, if that encodingist assumption regarding the lowest level of representations isimpossible, then encodingism itself is impossible. In presupposing an impossibility �that the lowest level of representations must themselves be encodings � encodingismrenders itself logically incoherent. This is what I wish to demonstrate.Any such element of the lowest level of encodings must, by assumption, not bedefined in terms of any other representations, else it would not be at the lowest level. Itmust be logically independent of any other representations. Yet it must carry somerepresentational content in order to be an encoding at all. The impossibility arises whenthis issue of representational content at the lowest level of encodings is examined.Consider any element of this presumed lowest level, say "X". "X" cannot bedefined in terms of any other representations � it cannot obtain its representationalcontent from any other representations � by assumption; but "X" must neverthelesscarry some representational content. The only possible source of that content is "X"itself, which leaves us with: " "X" represents whatever it is that "X" represents" or " "X"stands-in for "X" " But this does not suffice to provide "X" with any representationalcontent at all. It leaves "X" representationally empty, therefore not an encoding at all,contrary to assumption. A strict encodingism presupposes that "X" carriesrepresentational content, yet makes it impossible for "X" to carry any content. Thepresuppositions of encodingism have forced a logical contradiction � encodingism islogically incoherent.

4Variants of EncodingismThe stand-in perspective on encodings derives very readily from actual encodingssuch as Morse code. When encodings are invoked to do epistemic work, however, suchas in encoding conceptions of perception, cognition, or language, it is not usually Morsecode that is appealed to. In this section, I will examine several alternative conceptions ofencodings and argue that they are in fact all variants of each other � in particular, thatthey are all variants of the stand-in version. One consequence of this is that encodingsare incapable of accomplishing any of the epistemic tasks for which they are commonlyinvoked.User and Designer Semantics. Among the most common versions of encodingsare those constructed by users or designers of computer and related systems. In suchinstances, some element, or string of elements, is designed or stipulated to representsomething else, say Y, where "Y" will be some other (string of) elements, usually inEnglish or some other natural language. In effect, the encoding is defined by specifyingwhat it is to be taken to represent. The form of such user or designer stipulations isslightly different from that of the stand-in definition, but the user/designer form is just ause-mention variant of the stand-in form: The user or designer definition in terms ofwhat the encoding is to be taken to represent has the form"X" represents Ywhile the stand-in definition has the form"X" stands-in for "Y".The shift from "represents" to "stands-in for" as the defining relation is merely the adjointfor the shift from use of "Y" to mention of "Y". In both cases, "X" is being defined interms of "Y", and, in both cases, whatever representational content "X" carries isprovided by "Y". An encoding defined by what it is to represent, then, is just a minorperspective change on an encoding defined as a stand-in. In particular, a representationdefined by what it represents is an encoding.A user or designer semantics for symbols or symbol strings in a computationalsystem is a semantics � an encoding semantics � only for the user or designer. Thedefining representational/stand-in relationships are known only by the user or designer,not by the system. Even the existence of any such relationships is not known by thesystem.Observer Semantics. In the case of computational systems, if we conclude thatthe ’symbols’ in the system have no representational content, are not representations, forthe system itself, we will also generally conclude that the system has no representations,no knowledge, at all: if not the ’symbols’, then there is little plausible alternative. Ingeneral, however, the question of whether or not a system itself knows anything at all isan additional question to those of whether or not the system under consideration has anyknowledge concerning such encoding-defining or stand-in relationships, or evenconcerning the existence of any such relationships.The question of whether the system itself knows anything at all � of whether thesystem itself is any kind of epistemic system at all � becomes most important whenconsidering living systems: whether or not it makes sense to claim that a computersystem knows anything at all turns primarily on whether or not it makes sense to claimthat the symbol strings in the system represent anything at all for the system itself. Sinceneither the existence nor the content of any defining relations for those symbols can beknown by such a system, the two questions fail together. For living systems, however,they may not fail together. In particular, we might examine the sensory system of frogs,

5for example, and conclude that certain patterns of retinal or brain activity representcorresponding spatial and temporal patterns of light, on the basis of which the frog flicksits tongue in order to eat a fly. In a case like this, we do not generally raise the contextualquestion of whether or not frogs have any representations at all � we assume that theydo � though we may be quite interested in what sorts of representations the frog doeshave.Nevertheless, in claiming that particular neural activity patterns encode certainlight patterns, we are committing the error of assigning an observer semantics to thesystem being observed. It is the observer who notices the correspondence between lightpatterns and neural activity patterns, and it is the observer who uses that correspondenceto define an encoding representational relationship. But the frog knows nothing of anysuch relationships, nor their content � nothing about light patterns at all, in fact. Therelevant representational content is not present, and could not even possibly be present.Such an observer semantics is a second variant of encodingism: it is just a versionof a user or designer semantics. In both cases, an epistemic agent outside of the systemunder consideration defines an encoding relationship that exists only for that outsideobserver. In the user and designer cases, that definition is relatively arbitrary, while inthe case of an observer of an organism that is already granted status as some sort ofepistemic agent itself, that definition may be based on observed correspondences andcovariations between activities internal to the system and events or conditions outside ofthe system. Because of the foundation of such encoding definitions on correspondencesthat are actually observed between the system and its environment, there is not thearbitrariness that is to be found in user or designer semantics, and there is,correspondingly, a temptation to conclude that these definitions are somehow inherent inthe system itself, and, therefore, that they constitute encoding representations for thesystem itself.1Nevertheless, it remains the case that the very existence of any suchcorrespondences, and the "other ends" of any such correspondences (e.g., light patterns)are in no way represented in the system (e.g., the frog) under consideration. Presumablythe activities of the frog must in some ways be sensitive and responsive to the events andconditions in its environment, and presumably such causal relationships and consequentfactual correspondences between retinal patterns and light patterns, and between lightpatterns and flies, will play important roles in insuring appropriate sensitivity andresponsiveness. But the question of representational content for the systems themselves� for the frog � has not even been addressed in such analyses.Such analyses, at best, provide part of a functional analysis of how the system �frog � manages to survive in evolutionary ecological conditions. Such functionalanalyses can be interesting and important, but they are not the same thing as epistemic orrepresentational analyses. They are aspects of functional analyses of the system’sinteractions with its environments, of the informational functional relationships, where’informational’ is understood in the sense of manifesting correspondences andcovariations. Such analyses may, or may not, contribute to epistemic analyses, but theyare not themselves epistemic analyses.In general, the most seductive paths to encodingism derive from various versionsof this assumption that correspondences and covariations between systems and theirenvironments � as noted by an observer � can constitute encodings, not just for theobserver, but for the systems themselves. Such factual correspondences, whether directlycausal or more generally informational, are taken to be the core of encodings in most

6computational approaches today. Several problems with such approaches are recognizedin contemporary literature, but they are taken to be subsidiary problems of detail, to becorrected from within the basic correspondence-as-encoding framework, not assymptoms of deeper problems with the whole approach. I will examine some of theseinternal difficulties and purported solutions within the correspondence-as-encodingapproaches later.Transducer Semantics. First, however, I would like to illustrate the range andvariety of perspectives on cognition and representation that commit this correspondence-as-encoding error, and, thus, are committed to the logical incoherence of encodingism ingeneral. The illustrative example used above was that of a frog. But exactly the sameerror is commonly committed in attempts to model human and other sensory systems.Quite often, sensory processes are straightforwardly examined in terms of "sensoryencodings", where sensory encodings are analyzed in terms of factual correspondencesbetween neural activity and environmental events and conditions (e.g., Carlson, 1986).A common terminology is that of "transduction": sensory receptors are taken to"transduce" environmental stimuli into internal encodings for those stimulus conditions,on the basis of which the brain is assumed to infer or construct encodings of the world ingeneral (Fodor and Pylyshyn, 1981). Transduction is, strictly, the transformation of oneform of energy into some other form of energy. In examining the processes of retinallight reception, then, the notion of transduction is quite appropriate. Furthermore, suchtransduction relationships can certainly provide instances of the factual correspondencesthat encodingists look for. But to conclude that any such factual/lawful transductioncorrespondence relationship constitutes an epistemic relationship is simply a non-sequitur. Correspondences are cheap � they are everywhere � whether factual, lawful,informational or any other kind. Every lawful regularity in the universe providesunbounded classes of instances.2 Representation must at least be more than that, if notsomething different altogether. Factual correspondence relationships are not ipso factoepistemic relationships.The seductive power of correspondence-as-encoding is impressive. I illustratewith a straightforward logical non-sequitur that is the result of this seduction. Inpurportedly demolishing Gibson’s theory of perception (Gibson, 1966, 1977, 1979),Fodor and Pylyshyn (1981) not only conclude that retinal transduction is an encodingprocess, they also conclude that it must be. Both conclusions are non-sequiturs, but thelatter conclusion is particularly illustrative of the manner in which encodingismpresuppositions circularly support themselves. Fodor and Pylyshyn use information inthe covariation sense, and point out that the visual system must pick up information �must ’pick up’ the factual status of being correlated � from the environment in order tobe functionally useful at all. So far, so good. But they then slide into the position that thevisual system must, therefore, transduce "that the light is so-and-so." (Fodor andPylyshyn, 1981, p. 165). This is a shift from the point that a system, in order to respondappropriately to its environment, must somehow differentiate internal states that are insome sort of factual correspondences with those environments, into a claim that the onlyway to do that is to encode � "transduce" � that the environment is "so-and-so". But toencode � "transduce" � that the environment is so-and-so is to have representationalcontent that the environment is so-and-so ("implicitly" so the story goes). This is anegregious and illustrative non-sequitur.In the first place, constructing internal conditions that are in factualcorrespondence with environmental conditions can certainly be functionally useful for theorganism, and such correspondences are in fact given by the correct energy-

7transformation version of the notion of transduction; but nothing in this story gives orrequires representational content. Thus, the non-sequitur is egregious. Furthermore, theunderlying presupposition of the non-sequitur is that the only way to pick up informationabout the environment � to construct internal states in factual correspondence withexternal states � is to encode those external states. It is the encodingist presuppositionitself, then, that underlies the non-sequitur encodingist conclusion. In fact, any internalprocess yielding environmentally covariational internal states will construct covariationalinformational internal states � information, in this sense, simply is covariation, notrepresentation. Variants of this circularity are inherent in encodingism. The incoherenceargument, and the corollaries to be examined later, are all versions of such circularities.Thus, the non-sequitur is illustrative. (A more detailed analysis of this and other errors inFodor and Pylyshyn, 1981 � as well as a non-encodingist framework for perception �can be found in Bickhard and Richie, 1983.)Notions of cognition and representation are dominated by user, designer, andobserver semantics. Transduction is an example of an attempt to add something �causality, perhaps nomological-ness � to simple correspondence in order to make it intoencoding. It doesn’t work; strictly, it doesn’t even address the issue of representationalcontent for the system itself. The analyses are done strictly from the observerperspective.Connectionism and PDP. Another example is provided by Parallel DistributedProcessing or Connectionist approaches (Horgan and Tienson, 1988; McClelland andRumelhart, 1986; Rumelhart and McClelland, 1986; Waltz and Feldman, 1988). Simplyput, a PDP network that has "learned" to categorize input patterns is construed asconstituting a representer of those categories: specifically, the resultant pattern of nodeactivations given some input pattern is construed as an encoding representation of thatinput pattern. The factual correspondence between the input categories and the nodeactivation patterns is not stipulated, as in user semantics, and it is not tempting toconstrue it as causally nomological, as with sensory transductions � instead, it is"trained" into the weights of the network. Nevertheless, it is still no more than a factualcorrespondence with no epistemic content for the system itself. The ability to "train"such correspondence categorizations may be of fundamental importance for somepurposes, but it does not address the fundamental issues of representational content anymore than does "transduction". Adding a "training" origin to correspondence works nobetter than adding causality or lawfulness.Analogical Semantics. Still another variant is to assume that, although there areserious problems with symbolic encodings, nevertheless, analogical correspondences doconstitute representations (Harnad, 1990). But the shift from digital to analogicalcorrespondences has no bearing whatsoever on the basic issue of whether or not thesystem itself has any knowledge of, any representational content for, either the existenceor the content of those correspondences. If the system doesn’t know that there is any suchcorrespondence, then, no matter how factual, lawful, informational, trained, or analogicalit might be, the correspondence cannot constitute an encoded representation for thatsystem. Similarly, if the system doesn’t know what the correspondence is with, it cannotconstitute an encoded representation for that system. On the other hand, if the systemdoes know what the correspondence is with, then the system does have an encoding �but the system has to already know that which the correspondence is with in order toknow that that is what the correspondence is with. The system must already have therepresentational content for ’dog’ in order for any correspondence to exist between "dog"or "canine" and dog. That is, the system must already have the relevant representationalcontent in order to have the encoding for that content. The encodingism circularityshows up here as: you must already have representation in order to get representation.

8Encodings and Epistemic Boundaries. Encodings, then, can never be theground for new representational content. They are incapable of representing anything forwhich the encoding relationship itself, including the representational content, is notalready known. As mentioned before, encodings can, nevertheless, be extremely useful.But encodings cannot be useful for providing new representation, only for changing theform of representation already available. In particular, encodings cannot cross theboundaries of epistemic agents to provide grounding representation of anything outsideof those agents � perception: any such representational knowledge must already existinside the agent in order for the encoding to be defined. Similarly, encodings cannotcross from outside of an agent to properties internal to that agent � language � for thesame reason: representations would already have to exist of those internal properties inorder for the external encodings to be defined or understood. So, encodings cannot crossthe boundaries of epistemic agents in either direction, because to do so is to provide newrepresentation of whatever is on the other side of that boundary, and that is precisely whatencodings cannot do.The consequence of this, however, is that encodings cannot cross from mind toenvironment in perception, or from environment into mind in the form of decodingexpressions (encoded utterances) of mental contents. The core of the problems ofepistemology is that of new knowledge, new representation, but new representation isprecisely what encodings cannot account for: encodings cannot perform any of the basicepistemological tasks for which they are standardly invoked. Among otherconsequences, the presumed information processing sequence � encoded representationprocessing sequence � of perception, cognition, and language, cannot be correct(Bickhard, 1992a).Corollaries of IncoherenceThe incoherence argument is only one of a whole class of corollaries, someancient, some new, regarding the encodingist notion of representation. Perhaps the oldestargument in this class is that of skepticism.Skepticism. The skeptical argument turns on the point that, in order to check tosee if an encoding representation is correct, it must be checked against that which it istaken to represent, but, under the encodingist assumption, that encoding itself is the onlyepistemic access available to what it is taken to represent. Therefore, any such check iscircular. A slightly more sophisticated version is to construe the checking of an encodingin terms of its supposed consequences, but those consequences too are epistemicallyaccessible only via questionable encodings. So the "checking" is again circular, this timeat the level of the encoding system rather than a single encoding. Thus, all suchrepresentational checking � so long as representations are construed as encodings � iscircular, and there is no ground or warrant for our representations (Burnyeat, 1983;Popkin, 1979).Idealism. One conclusion that might be drawn from this impossibility argument� so long as it is taken as applying to all representation � is to conclude that it issuperfluous to postulate anything on the other end of the encoding relationship at all. Wecan never epistemically access anything on that other end, all we ever really have are theencodings themselves. So, the conclusion goes, it is a simple application of Occam’srazor to conclude that our world is in fact nothing more than our representations. That is,a recognition of the insolubility of skepticism can readily yield an idealism (e.g., Hegel;Pippin, 1989).

9But such a move to idealism makes sense only insofar as the skeptical argument isitself accepted universally. I will argue that the skeptical argument is valid only forencoding representations, and not for the alternative model of representation that I willpresent. If so, then idealism, like the skepticism that gives rise to it, is equally committedto an underlying presupposition of encodingism.The Copy Argument. Still another variant on the encodingism circularityconcerns the issue of origin rather than accuracy. Basically, the system must alreadyknow what its world is comprised of in order to construct encodings of that world �encodings must already have representation in order to get representation. One way ofputting this is to point out that, if our representations of our world are copies of the world,then we must already know the world in order to construct our copies of it (Piaget, 1970).Skepticism and idealism result from asking how we can check our encodings; thecopy argument from asking how we can know what encodings to generate or use. Theincoherence circularity arises from asking how a system could know what itsrepresentations are even supposed to represent, prior to any issues of construction oraccuracy. Within encodingism, there is no answer.Substance Ontologies and Emergence. Perhaps the deepest perspective onthese issues is an ontological perspective. Virtually all sciences have had an earlyhistorical phase in which the basic subject matter of the science was presumed to be somesort of substance. Such substance ontologies have almost universally been abandoned:we no longer accept phlogiston theories of fire, or caloric theories of heat, or magneticfluid theories of magnetism, or vital fluid theories of life, and so on. In all cases, thesehave been superseded by process theories. The move from substance ontologies toprocess ontologies has been almost universal among sciences.Substance ontologies come in several varieties. They all are grounded in thepostulation of some set of basic substances. In one version, these basic substances areassumed to be infinitely divisible, in which case the basic form of constitution of theworld will be in terms of blends of the basic substances. The ancient Greek’s earth, air,fire, and water, for example, had this character. In a second version, the basic substancesare understood to be composed of indivisible particles � atoms � in which case theform of constitution will be combinations of those atoms. This version has ancientprecedents as well.Such forms of constitution, in turn, can be understood in terms of unstructuredaggregations, or in terms of rigid structures, in which the components somehow lock intoplace. Blends of divisible substances are not usually construed as involving structure,while combinations of atoms are not usually construed as being simply aggregates.Logically, however, all are possible.Examples of models attempting to explain phenomena in terms of blends ofprimary types and of models involving presupposed structuralisms are not difficult to findin contemporary literature (see Bickhard and Christopher, under review). My focus here,however, is on atomistic substance approaches, since they are the dominant approach torepresentation. In particular, standard encodingism is an atomism of representation.There are several critical questions that cannot be addressed from within asubstance ontology. These include questions concerning the nature of the differencesamong the basic substances, questions concerning the stability of the substances,questions concerning the indivisibility or structural rigidity of the atoms and structures,and, most important for my current purposes, questions concerning the origin of the

10substances. All of these questions, if they are to be addressed at all, require escaping ortranscending the basic substance framework. They are questions about that framework,not problems that can be solved within that framework.All explanations within a substance framework appeal to joint contributions ofbasic substances, whether via combinations of atoms or blends of "stuff". For anatomistic substance approach, explanation is restricted to a combinatorialism of whateverthe basic atoms are taken to be.This is as true for a representational atomism � an encodingism � as for anyother atomism. In particular, all representation within an encodingist model is to be"explained", if at all, in terms of combinations of atomic encodings: encodingism forcescombinatorialism.But the impossibility of accounting for the basic substances in terms ofcombinations of those basic substances is just the general ontological version of theincoherence problem � the atomic (substance) encodings themselves cannot beaccounted for in terms of combinations of those basic (substance) atomic encodings.Atoms are not constituted out of atoms. A substance ontology cannot account for its ownontology.With respect to representation, this translates into: encodingism cannot accountfor the origin of its own basic encodings. It can only provide combinations of atomicencodings that are presumed to already exist. It cannot model the emergence ofrepresentation out of phenomena that are themselves not already representational.Representation, presumably, has emerged at least once since the Big Bang �therefore, encodingism cannot be the whole story. Encodingism makes any suchemergence impossible. Human beings and other animals, therefore, insofar as they countas proof that representation has emerged, also count as counterexamples to encodingism.If encodingism were correct, then representation would be impossible.A substance approach to representation presupposes the existence of its basicsubstances, and cannot account for them. Encodingism presupposes that representation isfundamentally constituted as (combinations of) atomic representations, and therebypresupposes the existence of representation in claiming to account for representation. Itis this circularity that plays itself out in all the various corollaries of the incoherenceargument, several of which have been presented here.Innatism. This point has been dimly seen in Fodor’s argument that, since wehave no way for new basic concepts to be learned or developed, all basic concepts mustbe innate (Fodor, 1975, 1981). Fodor, however, puts the burden of the problem ontheories of learning rather than on theories of representation, and he fails to recognizethat the basic problem is logical, not simply theoretical, and therefore that evolutioncannot solve it any more than can learning or development. If atomic encodings cannotcome into being, if representation cannot emerge out of non-representation, then it cannotdo so in evolution either. In this respect, Fodor’s radical innatism is another non-sequitur(Bickhard, 1991d; Campbell and Bickhard, 1987).Connectionism Again. This general point is somewhat more subtle in the case ofPDP or connectionist systems. In such systems, the correspondences that are taken to berepresentations are not apriori designed or defined or "transduced", but, instead, aretrained or learned. They seem to be emergent, in contradiction to the general pointconcerning substance ontologies being unable to address the origins of the substances.

11That this is only superficially apparent, however, becomes clear once it is realizedthat what is trained or learned � what is "emergent" � is not representation at all, but,rather, correspondence. A network ’learns’ correspondences with various classes of inputpatterns, but, as before, it does not learn that they are correspondences, nor what thosecorrespondences are with; such correspondences per se do not constitute representations.To take them as representations is to inject an unacknowledged observer’sknowledge of the existence of such correspondences and of what those correspondencesare correspondences with. As usual, encodingism requires that representation be alreadypresent in order to get representation. In this case, the representation that is alreadypresent is observer representation; the observer is the source of the representationalcontent � of the representational substances or atoms. PDP systems have not focused oncombinatorial issues regarding those atoms � and there is controversy concerningwhether and in what form they can (Fodor and Pylyshyn, 1988) � but the basicencodingist critique, the basic inability of a substance ontology to account for its ownbasic substances, already applies at the level of taking the network correspondences asconstituting representations.Encodingist Distortions, Blind Alleys, and Red HerringsEncodingism has not so much been taken as having solved the problems ofrepresentation as it has been taken as the only possibility for representation. Difficultiesthat various encodingist approaches have encountered, therefore, have generally beenunderstood as undermining that particular sub-approach, not as undermining encodingismas a general program. Quite often, however, these supposed subsidiary problems,presumed to be solvable within an encodingism, are themselves products of encodingism,and are consequently distorting and misleading as guides to modeling and understandingrepresentation.Too Many Correspondences. One problem that has been recognized for thecorrespondence as encoding approach, for example, is that whenever factualcorrespondences exist � say between retinal activity and various surfaces and edges inthe environment � there will also exist an unbounded number of alternativecorrespondences � with light patterns, with quantum events in the retinal cells, withprocesses among the electron orbitals in the surfaces of the materials in the environment,and so on. If correspondence is encoding, then which of these correspondences is therelevant one, which is the encoding correspondence?One approach to a solution to this problem is to assume that instances of suchcorrespondences are followed by various activities of the system, and that those activitieswill be functionally appropriate to only one of the chain or lattice of correspondences. Inthis manner, correspondence-plus-functionality serves to select from within that class ofcorrespondences the one that is in fact being represented (Bogdan, 1988a, 1988b, 1989;Smith, 1985, 1987). Unfortunately, this entire analysis is still being carried out fromwithin an observer perspective. Such functionality might inform such an observer aboutwhich correspondence is the functionally relevant one for the system, but this does notprovide the system itself with any knowledge of the existence of any suchcorrespondence nor of the other end of the correspondence. The supposed selection bythe functionality among the class of correspondences in order to specify which of them isto be represented does not render that correspondence, or any other, an epistemicrelationship. Correspondence plus functionality does not work any better thancorrespondence plus lawfulness or trainedness. Such a selection would suffice only if allof the correspondences were already representations, and all that had to be selected

12according to function were which of those already available representations was to be therelevant one. Again, encodingism requires that we already have representation in orderto get representation.Another approach to this "multiplicity of correspondences" problem is to look tothe evolutionary selection pressures that have selected for the functionality based on thecorrespondences as means of sorting out which of the correspondences is the relevantone. By now it should be clear that, however much this succeeds, or doesn’t succeed, inselecting the relevant correspondence, it will at best select the functionally relevantcorrespondence � the correspondence that can explain why the system activity isfunctional for the system � from within an observer perspective; but, as is by nowfamiliar, it does nothing toward explicating encoding representational content for thesystem itself.Representational Error: The Very Possibility. Still another problem that hasmuch exercised correspondence encodingists is the problem of error: if correspondence isencoding, then how can any correspondence, so long as it exists at all, be in error? Forexample, if "X" is evoked in correspondence to cows, and, presumably, represents cows,but is also on occasion evoked by horses � on dark nights, say � in what sense is thehorse evocation in error? Why doesn’t "X" simply represent "cows or horses" since thatseems to be the correspondence class � in which case the horse evocations would not bein error.Fodor proposes an asymmetric dependence criterion for distinguishing the correctevocations from the errorful evocations. Roughly, the idea is that whenever horses evokecow encodings, they do so parasitically on the (possibility of) cow evocations, and thatparasiticness is what distinguishes the correct evocations from the errors. In other words,if cows did not evoke "X", then horses wouldn’t either, while if horses didn’t evoke "X",cows would still do so. Horse evocations are dependent on cow evocations, but not theother way around � the dependency is asymmetric (Fodor, 1987a, 1990).Presumably, something about this intuition must be correct � there must be anasymmetry between correct representation and error. Whether Fodor’s criterion works,however, is still questionable: a control molecule fitting into its receptor on a cell surfacewill trigger internal cell processes that are in correspondence with the molecule, while apoison molecule partially mimicking the control molecule will also fit into the receptoron the cell surface, and will do so in an asymmetrically dependent way. Yet there is norepresentation, no epistemic encoding, involved at all. Fodor’s criterion may (or may not)differentiate correct evocations from error, but it does so on a strictly functional level ofanalysis, not on an epistemic level. When applied to correspondence encodings, shouldsuch exist, it may correctly differentiate error instances, but the encodings must alreadybe there as encodings in order for the criterion to pick out encoding errors rather thansimple functional parasitisms.More deeply, even if restricted to encodings, so that the criterion does pick outerrors in encoding evocations, the entire analysis is strictly from within an observerperspective on the system, not from within the system perspective itself, and, thus doesnot address any issues of representation for the system itself. The errorful-correspondence encoding problem is a problem within the observer semantics for thesystem, not a problem, nor the solution to a problem, for the system. In the alternativeapproach to representation that I will present, in fact, the possibility of error is trivial �there is no problematic at all in accounting for the possibility of errorful representation.If so, then the problem of error is simply a red herring produced by the internalcomplexities and impossibilities of an incoherent encodingism.

13It’s All Just Observer Semantics Anyway. The problem of multiplecorrespondences and the problem of errorful correspondences, then, arise only because ofthe prior acceptance of the correspondence-as-encoding approach. That approach isalready restricted to an observer semantics, so any supposed solutions to thesesubproblems within that approach will at best be solutions within an observer semantics� and not only within an observer semantics, but for problems for an observersemantics: any such solutions will be solutions to problems that exist only for an observerperspective, not problems for issues of representation per se. They do not provide anyaccount of representation, of representational content, for the system. These problems,then, are distortions and blind alleys with respect to the general problem ofrepresentation. Solving them, even if accomplished, even if possible, will not help tosolve the primary problem of representation.Information is not Representation. Oddly, Fodor seems at certain points topartially recognize something like this. In a discussion of Barwise and Perry’s situationsemantics, he points out that not all situations that contain information (in thecorrespondence or covariation sense) encode that information � "not every situationencodes the information that it contains". Furthermore, he acknowledges that "we haven’tgot a ghost of a Naturalistic theory about" encodings (Fodor, 1987b, p. 87), and "... of thesemanticity of mental representations we have, as things now stand, no adequateaccount." (Fodor, 1990, p. 28).3 This is part of a set of distinctions that I would verymuch like to impress upon Fodor and all other encodingists: not only is correspondenceor covariation information not the same as representation, but representation is not thesame as encoding. Furthermore, encodings are a derivative form of representation from amore basic form; presuppositions to the contrary � encodingisms � are logicallyincoherent.Interactivism: A model of emergent representation.In the course of the discussion so far, I have issued a number of promissory notesconcerning a non-encoding model of representation; in this section, I will limn how tomake good on those notes.Functional Analysis. The model that I propose is developed within controltheory, and control theory, in turn, is a framework for a particular kind of functionalanalysis. Broadly, then, what I wish to propose is a functional analysis of emergentrepresentation.Contemporary Functionalism. In a general sense, this is convergent withfunctionalism within contemporary studies of the mind (Block, 1980a; Fodor, 1975;Newell, 1980a). More careful consideration, however, reveals fundamental differences.Contemporary functional analysis might, from the perspective I will using, be bettercalled "Formal functional analysis plus representation." The point of the qualifier"formal functional analysis" is that contemporary functionalism is a functionalism offormal process, and formal process only. Its foundational mathematics is that ofautomata theory and Turing machine theory.There are two senses in which the notion of "formal" applies here: one is thatformal processes are characterized only up to the sequence of the steps in the process.There is no issue of time or timing beyond formal sequence in such a framework: theformal properties of a Turing machine depend not at all on the timing of the steps in itscalculations. In this respect, the model I propose requires a notion of process, and offunctional and control organizations of process, that both transcends and is more

14powerful than Turing machine theory: it requires a model of real time, and real timing,processes (Bickhard and Terveen, in preparation). The basic argument is that theinteractive model requires real time successful interactions with an environment, andformal functionalism cannot model such considerations in a non�ad hoc manner. In thisdiscussion, however, I will not address issues of timing, and will proceed instead within aframework that is explicable within automata theory.The second sense of "formal" that is intended in the characterization ofcontemporary functionalism is that formal processes are construed as operating on formalencoded symbols. Exactly what formal symbols are, or what operating on formalsymbols is, is a matter of dispute and exploration. Roughly, for Fodor, the notion is thatcausal processes operate on physical instances of symbols, whatever those instances maybe, only in terms of the causally relevant properties of those instances of symbols � inparticular, only on their "shape" or their non-semantic properties in some sense.Underlying this notion is a basic commitment to naturalism: whatever formal symbolsare, and whatever formal processes may be, they should be naturalistically explicable.This sense of "formal" connects to the "plus representation" in thecharacterization of contemporary functionalism, in that some sort of model ofrepresentation is presupposed in this framework � the symbols � while the emergentorigin of representation is precisely what I take as the central problem to be addressed.With regard to the problem of representation, this presupposition constitutes a circularity.More particularly, some sort of encodingism is presupposed in what is standardly calledfunctionalism, and it is by now clear that I regard that as unacceptable � incoherent, tobe precise. So, I need a functionalism that does not involve any presuppositionsregarding representation (and that is competent to model timing considerations; seeBickhard and Terveen, in preparation).Consequence. The general notion of function that I wish to rely on � a broadernotion than that of control per se � explicates function in terms of consequence: If Aexerts influence on, has consequences for, B, then the functions of A relative to B are theeffects that A has for B. It may be the case that substitutes for A could serve the samefunction for B, in the sense of having the same consequences.4 If A is a complex controlstructure, in particular, there may be many alternative such structures that could serve thesame control function for B. The importance of such notions of function, and the sense inwhich the framework that I am developing is a functional framework, is that physicallevel system process models can be replaced by models of the consequences, thefunctions, of those processes for other processes. This is the sense in which a functionalperspective abstracts away from particularities of realization.Control In particular, the explication of a control relationship is itself anexplication in terms of consequence � a consequence of process influence, or control �and is, therefore, a functional explication. Consider two (sub)systems, A and B, engagingin physically specifiable processes. If the course or the outcome of the processes in Ainfluence the course of the processes in B, then I wish to say that A exerts control on B.A stable relationship of such control constitutes a control relationship. Such controlrelationships involve differences in A processes evoking or triggering or selecting ordifferentiating differences in B processes. Such power of selection or differentiation of Bprocesses by A can be no greater than the potential variety in A processes � it is onlythat variety of differences in A that is available to induce differences in B (Ashby, 1960).Classic mathematical information theory provides a measure of such variety, and, thus, ofsuch potential control of one system on another.

15Control Structure. A stable organization of control relationships among various(sub)systems constitutes a control structure. Note that a limiting case of a controlrelationship is a switching relationship, so the notion of a control structure offers at leastthe power of switching theory, and anything that can be constructed on the basis ofswitching theory � e.g., a Universal Turing Machine.Control Flow. If the control relationships in a control structure include those ofswitching various components on and off � if there are conditions of process quiescenceinto which and out of which components can be switched � then the flow of conditionsof being switched-on through the system control structure constitutes a control flow.Note that an inactive component cannot, by assumption, exert control, so only active �switched on � components can switch on other components. Control flow, then, is aflow of activation of activity, of process, in the system structure. Note that not all controlinfluences constitute control flows: one subsystem can exert control on the processes ofanother without necessarily switching it on or off. The extreme version of a control floworganization is in a von Neumann computer architecture, in which only one instructioncan be active at a time: the flow of activity, of exerting control on the computerprocessing, from instruction to instruction is a control flow.Functional Indication. If some condition in a system, say Q, exerts control onthe switching processes in another, say S, such that S will be able to switch to some thirdcomponent, say T, when condition Q holds, then Q is an indicator of T for S. For Q toindicate T for S, then, is for Q to enable the possibility of S switching to T. Whether Sactually switches to T may depend on many other aspects of process. Q, then, issufficient for the possibility of S switching to T, but does not necessarily yield the actualflow to T. An indicator enables a switch to switch to particular outcomes. Still anotherperspective on indication is to note that an indicator for T switches the processes in Ssuch that switching to T is now a possible outcome of the processes in S. Note that acontrol relationship typically can be realized as a causal relationship, but an indicatorrelationship cannot: an indicator is neither necessary to what it indicates (there could beother indicators of the same possibility) nor sufficient to what it indicates (S couldnevertheless end up in some other outcome, even though T has been indicativelyenabled). An indicator is sufficient to the possibility of (switching to) what it indicates.Open Systems. A system that is necessarily in interaction with an environment �a physical necessity, at least � is an open system (Nicolis and Prigogine, 1977, 1989;Prigogine, 1980). This occurs if the continued existence of the system is dependent onsuch interaction, such as for a flame: to close a flame off from its environment is toextinguish it. In the case of a control system, an open control system is one that receivescontrol influences from an environment and exerts control on that environment. It iswithin the conceptual framework of such open system interactive control structures thatthe explication of representation will proceed.Goal Directedness. One more notion is needed first, however, and that is goaldirectedness. This is potentially problematic because the prima facie obvious way inwhich to understand a goal is in terms of a representation of the goal conditions to bemet. Reliance on such a representational notion of goal would render any explication ofrepresentation in terms of it circular, so I need a more primitive, non-representational,conception of goal. What I will need is an organization of control in which goalsatisfaction, or lack thereof, can be modeled strictly on internal functional conditions, noton representations of external conditions. If A is a switch that either switches controlflow to B � triggers execution of B, which then may return to A � or switches controlflow elsewhere out of the A-B subsystem, and if the internal conditions of A thatdetermine that switching are controlled by � influenced by � the environment, then the

16A-B subsystem will constitute a goal directed subsystem in the required sense. A issimply a conditional, environmentally conditional, switch � either to B, or out of the A-B subsystem.This, of course, is even clearer if B has a propensity to produce conditions thatinduce A to switch out of the system, but I am going to be more concerned with the sensein which the switching of A constitutes functional information (a source of controlinfluence, not representation) in the overall system concerning whether or not itsswitching conditions have in fact been satisfied, than with B’s actual propensities tosatisfy them. Roughly, if B fails to do so (to satisfy the switching conditions), thensomething (see below) is falsified, and the switching of A informationally(covariationally; functionally) captures that. A relationship of control from theenvironment to A is needed here, but that relationship can be modeled in a purelyfunctional manner, and no notion of representation is required. (This is similar to theclassic TOTE model, but with a strictly control notion of goal, and without any goalrepresentation; Miller, Galanter, Pribram, 1960.) Once representation is available,however, there is no restriction preventing those switching relationships in A fromdepending on satisfactions of representations � but, again, such representationalrelationships are not required.Such a notion of goal directedness, then, is abstracted from the standardrepresentational version of goal directedness. Instead of the goal conditions being thesatisfaction of some representational conditions, the goal conditions are the satisfaction ofsome functional conditions � which don’t have to be representational. The goalsubsystem A, then, is a conditional switch: when its functional conditions are satisfied, itswitches out of the A-B system; and, when they are not, it switches to B. Such aconditional switch, in turn, is simply a control flow process with two (or more) outcomesin which the process, thus the outcomes, is controlled by some other process or condition.If the controlling process yields a switch out of A-B, then such a process constitutes asatisfier of the goal conditions; if the controlling process yields a switch to B, then such aprocess does not constitute a satisfier of the goal conditions. In a classic trivial case,temperature controls the bending of a bimetallic strip in a thermostat (here the control isdirectly causal), and thereby either switches on a furnace or air conditioner, or switchesoff the system.A Trouble with Functionalism. The framework outlined above is adequate for apartial development of the interactive model of representation, but it is not without itsown potential problems. In particular, the notion of function itself can be problematic(Bechtel, 1986; Bigelow and Pargetter, 1987; Block, 1980b; Boorse, 1976; Cummins,1975; Neander, 1991; Wimsatt, 1972, 1976; Wright, 1973). I will not address all of theseveral potential problems here, but there is one problem that is central not only to theidea of function per se, but even more so to the task of explicating emergentrepresentation. To this problem, I will outline a solution.Observer Functionalism. The notion of function was analyzed above in terms ofconsequence. The crucial problem has to do with the selection of functionally relevantconsequences out of the multitudinous available causal relationships and consequences atthe physical level of analysis of a system: Which consequences are relevant to thefunctional characterization of the system? In particular, if this problem of functionalcharacterization is itself analytically arbitrary on the part of an observer and analyzer ofthe system, then we would have an observer functionalism, in which all functions are soonly relative to the analytic choices of the observer. As is sometimes claimed, anythingcan be described as a Universal Turing Machine with the right descriptive choices. I’mnot convinced that the issue is that wide open � descriptions can be false, and a UTm

17does require some (small) minimal complexity � but, nevertheless, the specter of anobserver functionalism is quite real.In particular, any explication of representation based on an observer functionalismwill simply generate a more-complex-than-usual observer semantics � and we alreadyhave too many of those. In this sense, the general problem within functionalism ofexplicating function in a non-epiphenomenal and non-observer dependent fashion � ofexplicating functional analysis within naturalism � has a particularly strong relevance tothe problem of representation. If the analysis of function is itself dependent on theintentionality of an observer, then to explicate the intentionality of the ’aboutness’ ofrepresentation in terms of function will be viciously circular. I wish to indicate, then,how observer-dependent functionalism can be avoided; that is, how functionalism can beexplicated naturalistically.Normativity. One source of the problem involved in doing this is that the idea offunction involves a normative aspect � a function is something that is supposed to beserved, and a subsystem can succeed or fail in doing so � and naturalizing normativity isintrinsically difficult. What is needed is a sort of criteria for functional success andfailure that is not itself already intentional.Epiphenomenality. Intentionality could be avoided in defining criteria offunctional success and failure simply by removing the observer from consideration, andtaking into account only the factual matter of whether or not particular criteria have beensatisfied. This may remove intentionality at least one step, if not eliminate it, but itintroduces its own serious problem: epiphenomenality. There may be a fact of the matterconcerning whether or not a system satisfies some arbitrary criteria, but if thatsatisfaction or lack of satisfaction makes no naturalistic difference to anything else in theuniverse, then the satisfaction of such a criterion is causally and ontologicallyepiphenomenal. It is irrelevant to the nature and functioning of the world, and, therefore,to understanding the world. Intentionality creeps back in at this point in that the onlyway in which the satisfaction or lack of satisfaction of such criteria can have a non-epiphenomenal effect in the world is via the mediation of the intentionality of an observerthat can note and respond to that satisfaction or lack thereof.Certainly some functional analyses have exactly this sort of status. An estheticfunctional analysis of the parts of a painting, for example, would be purelyepiphenomenal if not for the responses of intentional evaluators of such esthetics.Similar points hold for the functions of tools and other designed, or at least used orintended to be used, systems. In fact, a great deal of functional analysis does ground inthe intentionality of observers and users in this manner. There is not necessarily aproblematic in this, not even a problematic for naturalism, so long as the intentionalityitself can ultimately be made good within a naturalism. But, if it is (some aspect of)intentionality itself that is at issue and to be modeled, and, more specifically, thenaturalism of intentionality, then this is precisely the vicious circularity that must beblocked or avoided.Functional Explanation. Another approach to the problem of functionalism is interms of functional explanation: the existence of A is explained in terms of the function itserves for B. If B is itself an intentional agent, then we simply have an observer or useror designer functionalism. If A and B are parts of a biological system, however, thenappeal can be made to the evolutionary history of systems of that type, to the specieshistory, in such explanation. In general, the functions that A serves for the organism as awhole are arguably not epiphenomenal so long as those functions have contributed to thereproductive success of that species in the past. Such historical contributions to the

18satisfaction of evolutionary selection pressures, in turn, are taken as at least partiallyexplanatory of the existence of such subsystems, such organizations of system processes,in contemporary organisms.Functional explanation in this sense can be viewed as an aspect of evolutionarytheory as a whole, and some version of this story must be at least part of functionalismmore broadly within biology. As a general solution to the problem of functionalism,however, this approach suffers serious limitations. A crucial problematic for mypurposes is the notion of function for systems that do not have such evolutionary history.Without such a history of contributions to meeting selection pressures, this approachleaves little ground for functional analysis. This is both a conceptual problem, in that thepossibility of an animal coming into existence purely by accident would not seem topreclude a functional analysis of its organs and organ systems, and a regress problem, inthat it grounds function in current systems in the functional history of systems of thattype, of that species. Such a historical regress must halt. There must be some earliestsystem for which functions have a non-epiphenomenal reality for the first time, and thisemergence must still be accounted for. A second perspective on this same point is thatsuch an historical approach does not address (though it might arguably provide groundsfor addressing) the problem of normativity. The normativity of functional analysesapplies to contemporary instances of systems, and, at least in the case of designed andother intentional systems, does not require an evolutionary history.5Process Ontology. There are several aspects to the framework within which Ipropose a naturalistic model of function. The ground for all of them is a processontology. The development of a process ontology is itself potentially problematic(Birrell and Davies, 1982; Brown and Harr�, 1988; Kitchener, 1988; Lucas, 1989;Shimony, 1986), and I do not find any contemporary versions to be satisfactory, but I willset aside that level of concern for the purposes of this discussion.Emergence. Within a process ontology, phenomena of emergence are, inprinciple, not problematic. There is no particular naturalistic mystery about neworganizations of process being able to instantiate new properties. The propertiesemergent in the organization of a computer constitute a motivating example, as do theproperties of water that are not sums or aggregations of properties of hydrogen andoxygen. Similarly, if everything is constituted as organizations of underlying processes,then the emergence of new ontological types in new organizations, new patterns, ofprocess is, in principle, not naturalistically problematic. The familiar complex hierarchyof nucleons, atoms, (stars, galaxies), molecules, cells, organisms, (ecosystems,biospheres), minds, societies, and so on, is a hierarchy of such process patterns emergentin underlying process patterns.Organization. The perspective I propose focuses centrally on processorganizations. At a given level of emergence, there are only two ontologically relevantaspects: (the properties of) those organizations of process available � ones that havealready emerged and currently exist � and the new organizations or patterns of thoseavailable suborganizations that might come into existence. Organization, in this view, iscentral to emergence, and, thus, to virtually all ontology, at least above quantum fields(and arguably at that level too). Organization, then, is a core of a process metaphysics �at least of the one that I propose.It is well understood that organization makes a difference, but organizationalissues are generally set aside as initial or boundary conditions in explanations ofparticular phenomena, and not understood as metaphysically central. Typical

19metaphysics of substance and property (e.g., Kim, 1991) strongly motivate such a neglectof organization in ontological considerations. Furthermore, not only are theremotivational misdirections from substance and property metaphysics, such metaphysicscreate serious conceptual and logical difficulties, if not impossibilities, in even attemptingto address such relational phenomena as organizations of process (Olson, 1987). Simply,organizational relations are neither substances nor properties, and are not ultimatelyexplicable in terms of them.Ontological Epiphenomenality. New patterns of process, then, can instantiateemergent new properties. These too could simply be epiphenomenal, but, if those newproperties have causal consequences, then, in that sense, they are causally notepiphenomenal. Even a process pattern that is not causally epiphenomenal, however,could nevertheless be, in an important sense, ontologically epiphenomenal. This wouldbe the case, for example, if the coming-into-existence of instances of such patterns ispurely accidental, and if their existence once instantiated is fleeting. In such cases, thepattern and its emergent properties may play a role in explaining and understandingensuing phenomena, but it serves the conceptual function of initial or boundaryconditions, not that of part of the "furniture of the world." The ontological reality ofprocess patterns, then, depends in some sense on the continued existence of instances ofthose patterns.There is much more conceptual exploration to be done here, but the mainconclusion that I wish to draw for this discussion of functionality is that the ontologicallystrongest version of emergence in organizations of process is one in which among theemergent properties is that of the stability or persistence of the pattern itself. In suchcases, the historical fact of the initial coming-into-existence of the pattern instances notonly yields the causal consequences of those particular instances, it also changes theontology of the world via the introduction of those patterns and their properties.Correspondingly, it changes what can and does happen, including further possibleemergences, in that world.Downward Causation. The consequences of such emergent ontologicalintroductions can permeate all levels of ontology, including levels below that at which theemergence occurs. In other words, such emergences can be not-epiphenomenal not onlyat their own and higher levels, but at all levels. The reality of such emergences in thesense of consequence can, in principle, be found at all levels. One example of such"downward causation" is provided by soldier termites in certain species (D. Campbell,1974a). The jaws of these termites are so large that the individuals cannot feedthemselves, and depend totally on being fed by other members of the society. Such jawsize is adaptive for the colony for the specialized function of defense which these soldiersserve. But the explanation of the existence of such jaws, and, therefore, of the existenceof such arrangements of proteins and other molecules � issues at a level of analysis farbelow that of the termite society and species itself � requires the emergent properties ofthe evolutionary process in general and of those of the social character of the species inparticular. Ontological emergence is consequentially real.Creation and Stability. There are two senses of the ontologically real emergenceof process patterns. They both involve the increased probability of instances of thepattern in the future. One sort of increased probability derives from a given instanceincreasing the probability that new instances will come into being. Examples would beauto-catalysis and circular catalysis (Jantsch, 1980) and reproduction. The secondversion is simply the tendency for the persistence of a given pattern instance, once anysuch instance has come into existence. Note that evolutionary processes involve aninteraction of reproductive pattern continuation and individual instance stability.

20Energy Well and Open System Stabilities. The stability of process patterninstances, in turn, has two fundamental sub-versions. The first is one in which the patternis stable so long as external impacts sufficient to disrupt the pattern do not occur. Theseare generally ’energy well’ stabilities, in which energy is required to disrupt the pattern,and, so long as that threshold of energy is not available, an instance of the process patternwill persist. Examples of such energy well stabilities are nucleons, atoms, and molecules.The second sort of pattern instance stability is constituted by processes that requirecontinued transactions with their environments in order to exist � open systems. Thesetoo can be disrupted by above-threshold inputs, but, unlike the first case, they requireappropriate levels and kinds of input and output transactions with their environments inorder to exist at all. Examples would include flames and living things.Naturalistic Functions. Given this framework of process organizations and theiremergents, and of the ontological reality of emergents grounded in pattern persistencesonce instances of those patterns are created, accounting for the naturalistic character andemergence of ’function’ is relatively straightforward. Broadly, naturalistic criteria forfunctions derive from contributions to ontological emergence. That is, if a consequenceof a (sub)pattern is to increase the probability of the existence of that pattern, either thesame instance or new instances, in the future, then that consequence is ontologicallyfunctional by virtue of, and in the service of, that increased probability. Mostspecifically, such consequences are neither intentionally dependent nor epiphenomenal.This analysis is applicable even to such cases as auto-catalytic molecules, though usuallyrelatively trivially. More interesting cases involve contributions to the stability of singleprocess pattern instances, and paradigm cases � normal biological cases � makecontributions in both the reproductive and the single instance stability senses.Roughly, then, the ground that I propose for the modeling of naturalistic functionis in two parts. First, process organizations, including functional organizations andcontrol organizations, can instantiate emergent properties � witness the propertiesemergent in the organization of a computer that are not instantiated in the simpleaggregation of the parts. Second, such emergent properties will, in some cases,contribute to the probability of existence of instances of that process organization, eitherin the sense of contributing to the stability of a given instance, or contributing to theevocation or construction of new instances, or both. At this point, the emergent propertyis no longer merely in the analytic perspective of the observer. It now has consequencesindependent of the observer and outside of the level of analysis of the emergent propertyitself � namely, whatever physical (and other) consequences follow from the persistenceof instances of such organizations as distinguished from their absence.6Developing the ground. An emergent property or consequence is ontologicallyfunctional insofar as it contributes to the increased probability of instances in the future.The most salient cases for this discussion are those involving open systems. Within thatcategory, paradigm cases involve the functional contribution of some subsystem for theoverall system, and most commonly involve issues of evolution as well as of singlesystem stability.Self Maintaining Systems. The most primitive forms of functional emergence,however, do not involve evolution and do not involve part-whole differentiation intosubsystems. As mentioned above, perhaps the most primitive cases involve auto-catalysis, but there are some interesting developments in primitive functional emergencewithin open systems that are especially relevant that I would like to briefly explore. Therelevancies have to do not only with the conceptual ground for functional, and thereforerepresentational, analyses, but also with the etiological ground for functional and

21representational systems. These developments involve emergent properties of the overallopen system process that contribute to the stability of existence of that process. I callsystems with such emergent contributions to their own stability self-maintaining.A flame, for example, has a functional property of being (partially) self-maintaining in the sense that it contributes to the maintenance of one of its own existenceconditions � high temperature. Such a self-maintaining organization can, if otherconditions are ’right’, be enormously consequential in its persistence and spread. Self-maintenance is itself, then, already an emergent functional property in a sense that isindependent of any observer, and is non-epiphenomenal.Recursive Self-Maintenance. Consider now a system that is not only self-maintaining, but is recursively self-maintaining in the sense that it tends to maintain itsown property of being self-maintaining. In order for an instance of a recursively self-maintaining system to be non-trivial, there must be alternative possibilities � more thanone � of self-maintenance processes among which some system process can select.Furthermore, since conditions for stability are relative to various aspects of anenvironment, in order for there to be any actual tendency for those selections to improvethe self-maintenance of the system, those selections must be based on some controlinfluence from the environment � some control influence that tends to activate self-maintaining processes in appropriate environmental circumstances. That is, there mustbe more than one manner in which the system can be self-maintaining, and it must beable to switch them on and off, or switch between them, depending on differentiatinginfluences from the environment. Such an organization is not only functional, it is aprimitive control organization.7The significance of this point is that only with recursive self-maintenance � onlywith a selection or choosing of self-maintaining processes � will a system be capable ofadjusting to environmental variation, as distinct from simply surviving or not within thevarious environmental conditions. What has emerged here, along with the primitivecontrol organization, is a primitive version of adaptivity. A simply self-maintenantsystem is stable or is not stable across some range of environmental conditions � it isadapted to that range, or not. A recursively self-maintenant system can adjust so as tobecome or remain stable across some range of environmental conditions � it is adaptedacross some range for each of its available self-maintaining processes, and is adaptiveacross the union of the conditions of its various adaptednesses that it can switch among.Adaptive Evolution. If a recursively self-maintaining system is also self-reproducing, then variations in reproduction will introduce variations in recursive self-maintaining ability � in adaptiveness. Variations in adaptiveness could be constituted,for example, in variations in the ranges of environmental conditions to which the systemscould adjust. Variations in adaptiveness, in turn, are available for differential selectionby the encountered environments. Here, then, we have the emergence of the possibilityfor the evolutionary improvement of adaptiveness of system types.Recursive switching among self-maintaining processes can get better, moreadaptive, either by becoming more appropriately sensitive in the switching; or by havingadditional self-maintaining processes � appropriate in differing circumstances � toswitch among; or by having more powerful self-maintaining processes to use, even forcircumstances for which some such process is already available; or any combinationthereof.

22Correspondingly, the variations in recursive self-maintaining systems will bedifferentially competent to variations in and ranges of selection pressures. Some systemswill be able to adapt to one class of environmental variations, while others will becompetent to a different class of environmental variations. Furthermore, some will be"better" than others either in the relative sense of capturing competencies for morecommon environmental variations, or even in the strong sense of being competent for asuperset of such variations relative to some other recursively self-maintaining system.Variations in adaptiveness, then, are not restricted to variations in adaptive scope, but canexhibit variations in adaptive ability. With the emergence of recursively self-maintainingsystems, therefore, variations in self-maintaining ability will be manifested, and therebysubject to and available to evolutionary selection pressure. This grounds the macro-evolutionary emergence of increasing kinds and scopes of adaptiveness, which, I argueelsewhere, generates the emergence of higher forms of mental phenomena such asknowing, learning, emotions, and consciousness (Bickhard, 1973, 1980a; Campbell andBickhard, 1986).Both Etiology and Analysis. For the current discussion, however, the importantpoints are: 1) Simple self-maintenance is a primitive form of open system functionalontological emergence that can ground both further conceptual analysis and furtherevolutionary elaboration, differentiation, specialization, and emergence; 2) Recursiveself-maintenance constitutes a primitive form of open system control structureontological emergence that can ground both further conceptual analysis, and furtherevolution. In particular, this framework can ground both the conceptual analysis and theevolutionary emergence of interactive representation; it can ground solutions to both theanalytic and the etiological concerns regarding representation. We will find, in fact, thateven at this level, there is already a primitive version of interactive representation (seebelow).So, at this point, we have emergent properties, emergent functional properties,and emergent control organizations that have non-epiphenomenal and non-intentionalontological reality, and that can conceptually ground the functional control structureanalyses of interactive representation. And we have the emergence of primitive(functional, control structure) adaptive systems that can ground analyses of theevolutionary origins of such systems. With this framework, we can proceed to interactiverepresentation itself.8Interactive Representation. Assuming now a functional control flow frameworkof analysis, I turn to an explication of representation. Consider a (sub)system, with someparticular internal control structure, in interaction with its environment. The course ofinternal activities in the system will depend jointly on what that internal controlorganization is and on what inputs are being received from the environment. (Note thatthose inputs may themselves be being induced by the outputs from the system.) Inparticular, when the interaction is completed, the (sub)system will end in some one of itsinternal states � some one of its possible final states. Some environments will leave thesystem in that same final state, when interactions with this (sub)system are complete, andsome environments will leave the (sub)system in different possible final states.9Implicit Definitions and Differentiations. The final state that the system ends upin, then, serves to implicitly categorize together that class of environments that wouldyield that final state if interacted with. A possible final state, then, implicitly defines, inan interactive sense, its class of environments. Dually, the set of possible final statesserves to differentiate the class of possible environments into those categories that areimplicitly defined by the particular final states. The overall (sub)system, with its possible

23final states, therefore, functions as a differentiator of environments, with the final statesimplicitly defining the differentiation categories.These notions are generalizations of ideas already in the literature. Interactiveimplicit definition, for example, is an interactive generalization of the sense in which aformal language implicitly defines its class of models (Quine, 1966).10 A differentiator isan interactive generalization of an automata-theoretic recognizer (Eilenberg, 1974;Ginzburg, 1968; Hopcroft and Ullman, 1979).Such differentiators, and their environmental differentiations, are criticallyimportant emergents, but they are not representations. They implicitly define, they open-endedly differentiate, environments, but they do not represent anything about thoseenvironments. They do not constitute or carry any sort of representational content.Differentiators constitute an important aspect of the model of representation that I amdeveloping, but they are not sufficient for full representation, and they are not evennecessary to representational content.Encoding Interpretations of Differentiators. This point deserves furtherattention, because it is precisely at this point that the typical encoding model goes awry.Differentiations of environments, within a class of possible such differentiations,constitute precisely the correspondences � and covariations of those environmentalcorrespondences � that are so commonly taken to be encodings.An observer of such a system and its environments could characterize theimplicitly defined class of environments that are differentiated together by some finalstate � perhaps they all share some observer noticeable property � note thecorrespondence between such characterized environments and the given final state, andthe covariations of similar characterizations for the other differentiated categories andtheir correspondent final states, and conclude that the given final state constitutes anencoding of its corresponding environmental characterization. This is precisely the formof standard, observer dependent, correspondence/covariation-as-encoding models.Typical examples of such purported correspondences-as-encodings � sensory’transducers’, connectionist networks, and so on � are just passive (no interactingoutputs), and usually relatively simple, versions of an interactive differentiator. Standardmodels, then, construe differentiators with no representation whatsoever concerning whatis being differentiated as encoding representations of the instances and categories beingdifferentiated. But they have no representational content, and, therefore, cannot beencodings. Factual correspondences created by differentiators will turn out to be veryuseful, even representationally useful, for systems � and the factuality of suchcorrespondences will help explain that functional usefulness � but thosecorrespondences are not themselves adequate to representation.Interactive Functional Predications. Consider now a differentiator in a broadercontrol organization context � specifically, in the context of a goal directedorganization. To make discussion simple, I will assume that the differentiator has onlytwo possible final states, and, thus, two differentiation categories, A and B. I will alsoassume that the goal has two available possible interactive strategies, S120 and S137,with their own corresponding final outcome states. The critical control organization forthe emergence of representation is an environmentally sensitive differential switch in thecontext of a goal.11 In this simplified case, we may assume, for example, that if thedifferentiator has arrived at final state A, then the goal system invokes strategy S120, forthe sake of its internal outcomes, while if the differentiator has arrived at final state B,then the goal system invokes strategy S137, for the sake of its internal outcomes. (Note

24that the outcomes of the two strategies may, in successful executions, be the same; thestrategies may differ with respect to the environments in which they are capable ofinducing those internal outcomes.)The first essential aspect of this is that, within such an organization, final state Afunctionally indicates the potentiality of S120, and final state B functionally indicates thepotentiality of S137. If the goal is itself activated � if the goal exerts control on systemactivities � then these indications are followed. Such indications constitute functionalimplicit predications. In particular, in this example, A-type environments are indicated toalso be S120-type environments, and B-type environments are indicated to also be S137-type environments. That is, "A-type environments are S120-type environments" and "B-type environments are S137-type environments." These predications could be wrong. Ifan A-type environment yields activation of S120, and S120 fails � fails to achieve anyof its internal outcome states, perhaps enters an infinite loop, or encounters an undefinedcondition � then the predication has encountered a counterexample, and it cannot begenerally true. (Note that there is the possibility of another kind of error, an instrumentalerror, in this organization: an interactive strategy could succeed in producing one of itsoutcome states, but switching to that strategy could nevertheless still be a functional errorif those outcome states do not induce satisfaction of the switching conditions for thegoal.)Error of the System, by the System, and for the System. Furthermore, the failureof such a strategy, and the falsification of the predication that is constituted by thefunctional indication of that strategy, is detectable and functionally available to thesystem itself: such failure is a functional condition in the system itself. If the systemwere to have some additional process to engage in upon such failure � perhaps somesort of variation and selection learning system, for example (Bickhard, 1980a, 1992a;Campbell and Bickhard, 1986; D. Campbell, 1974b) � it would have functionallyavailable the relevant functional conditions to trigger that auxiliary system.The claim is that such differentiated functional indications in the context of a goaldirected system constitute representation � emergent representation. The indicationspredicate that differentiated environments have interactive properties appropriate to theindicated strategies. That is, they predicate interactive properties of those differentiatedenvironments. Furthermore, those predications can be in error, and can be functionallydetected to be in error from within the goal-directed system itself.There are three critical aspects: 1) the environmental differentiations provideepistemic contact with the world � they differentiate environments, and then, on thebasis of those environmental differentiations, indicate which interactive predications areavailable in those environments, 2) the indications themselves constitute implicitpredications of interactive environmental properties � they constitute therepresentational content predicated of the differentiated environments, and 3) theembedding of such predications of representational content in the context of a goaldirected system makes the falseness of those predications functionally detectable withinthe system, by the system, and for the system. This is representation, with content,capable of error, for the system � and therefore not observer dependent � that isemergent in functional control structure organizations that are themselves not alreadyrepresentational. This is genuinely emergent representation.12,13Questions about Interactive Representation. There are many questions to beaddressed about such interactive representation, most of which will not be discussed here.

25There are two, however, to which I would like to at least indicate the nature of theanswers.What about Objects and the Rest of Our World? The first has to do with the factthat representational content, as explicated, is of environmental interactive properties.The question concerns the relationship between this form of representational content andthe more familiar world of objects located in space and time, with causal connections,and so on. The general form of the answer involves two parts.First, representational content is constituted as indications of potential furtherinteractions. A given environmental differentiation might indicate not just the singlestrategy in the simplified example, but might indicate myriads of possible furtherinteractions. Such indications will not, in any complex epistemic agent, be exhausted bysingle differential switches, but will comprise potentially vast complex webs of suchindications. Furthermore, the indications of a particular environmental differentiationwill in general not have the context-independent character of the example. What the finalstate of some environmentally differentiating interaction indicates about further potentialinteractions may depend not only on that interactive outcome, but also on the indicationsof interactive potentiality in many other domains of the web � on indications based onmany prior interaction outcomes. Single environmental differentiating interactions, then,do not so much ground the construction of the web of indications of interactivepotentialities as they ground apperceptive updates of that web (and such updatingprocesses form the core of a non-encoding model of perception, Bickhard and Richie,1983). Such apperceptive updates, their processes, and their properties, are a majordomain of development within the overall interactive model, but simply pointing out thepotential complexities of such an organization of indications is all that is needed here(Bickhard, 1980b; Bickhard and Richie, 1983).The second part of addressing the question concerning representations of objectsin space and time, and so on, is to note that certain patterns of interactive indications inthe overall web will manifest interesting and potentially useful invariance properties. Forexample, some sets of potential interactions reciprocally indicate each other in the sensethat the potentiality of any member of the set inclusively indicates the potentiality of therest of the set. A visual scan of a manipulable object indicates in this reciprocal mannerthe potentiality of all the other potential visual scans of that object linked by appropriatemanipulations of the object to bring those other aspects into view. Furthermore, thatentire pattern of interactive potentialities remains invariantly available � linked byappropriate manipulations, translations, locomotions, and so on � with respect to a largeclass of other potential interactions, of movements and manipulations of that object. Thatis, physical manipulable objects afford a pattern of reciprocally indicative interactivepotentialities that remains invariant under manipulations, translations of the object,locomotions of the agent, and many others. It is not invariant under such interactions assetting afire.The basic proposal is that objects � from an epistemic perspective, not atheoretical or metaphysical perspective � are such invariant patterns of indications ofinteractive potentiality. Each infant spends major portions of the first two years of lifeconstructing and elaborating knowledge of such pattern invariants and theirinterrelationships (Piaget, 1954). As adults, we may reflect on such invariances andinquire concerning their explanation, generate such theoretical notions as molecules,atoms, and so on, but the original epistemological characterization is in terms of suchinvariants. A note about their usefulness: such invariants permit the system to update itsweb of indications of potential interactions without having explicit current interactivegrounding. So long as an invariant pattern was indicated, and so long as no indications

26that would destroy such a pattern have occurred, then the pattern should remain available,perhaps linked to the system’s current situation by various intermediate interactions. Youassume that your living room is still interactively accessible, for example, even though itmay require a plane trip, taxi ride, commuter train ride, and so on to access it � unlessyou obtain information to the contrary. Invariant patterns, in other words, expand ourworlds beyond immediately available perceptual environments. Objects then, areepistemological invariants that are representationally useful precisely because of suchinvariance properties: it is in terms of such invariances that our world is extendablebeyond immediate interactive access. Locations in space and time, casual relationships,and so on are, epistemologically, related complicated representational constructions anddevelopments (Bickhard, 1980b; Piaget, 1954).What About Things like Numbers and Other Abstractions? The second questionconcerning interactive representation that I would like to briefly address concerns itsadequacy to abstract representation. Even if it is granted that interactive representationmight be adequate to representations of physical environments, it might seem impossiblefor this model to explicate representations of abstractions, such as numbers � where arethe abstract environments of numbers to be interacted with? There are many propertiesof interactive representations that differ from those of the standard encodings ofcontemporary Cognitive Science, several of which are relevant to this point. I wish tointroduce only one of those properties here.The simple answer to the question is to point out that such an abstractenvironment does in fact exist, and exists potentially to be interacted with. In particular,the properties of the interactive systems and of their interactive processes are themselvesmore abstract than that which they interact with. Such properties could be interactivelydifferentiated and represented within a higher level system interacting with the first levelsystem that interacts with the environment. Such a second level system, in turn, wouldmanifest properties that might be useful and could be represented from a third levelperspective. And so on. The interactive model, then, generates a hierarchy of levels ofpotential knowledge, each representing properties of the level below it, with the first levelinteracting with the external environment. Instead of being discomfited by the problemof abstract representation, then, the model offers an unboundedly rich approach to it.Furthermore, this is not an ad hoc model purely to account for abstract representation �it generates a model of cognitive development that has its own independent implicationsand support in the literature (Campbell and Bickhard, 1986).14Two prima facie challenges to the interactive model � that of objects and that ofabstract knowledge � turn out to have independently motivated answers. Thisdiscussion has at best been generally indicative of the nature of those answers, and it hasonly addressed two such possible challenges: it is intended to be only illustrative of theclaim that the interactive model might be competent to the multitudinous manifestationsand forms of representational phenomena. I haven’t addressed, for example, learning anddevelopment (Campbell and Bickhard, 1986) or language (Bickhard, 1980b, 1987;Bickhard and Campbell, 1992) or perception (Bickhard and Richie, 1983) or concepts(Campbell and Bickhard, in preparation) or rationality (Bickhard, 1991a), and so on.Solving and Dissolving the Challenges to Encodingism. There are manydirections of development of the interactive model. But one major domain of questionsare those that have been addressed to and within the encoding framework. I would like toshow how interactivism avoids those problems � especially the incoherence problem.

27Interactivism is not Encodingism. First, notice that an interactive differentiationis not an encoding: it carries no representational content. Furthermore, interactiverepresentational content is also not an encoding: the content is emergent in indications ofinteractive potentialities, and is not borrowed from, nor a stand-in for, anything else. Stillfurther, interactive representations can ground the definition of derivative encodings: it isperfectly possible to define a stand-in for an indication of some sub-web of the web ofinteractive indications. Under certain circumstances, it will in fact be highly useful for asystem to develop such internal secondary encodings (Bickhard and Richie, 1983), butthey remain always subsidiary.Emergence, Coherence, Construction, and Error Checking. Interactiverepresentation and representational content are emergent out of non-representationalphenomena. They do not encounter the aporia of an atomistic substance metaphysicstrying to account for its own atoms. Since the representational content of interactiverepresentations emerges out of system functional organization, it does not encounter theencodingist incoherence of having to borrow that content from itself. Error in interactiverepresentation is internally detectable and potentially correctable in a quasi-evolutionaryvariation and selection constructive process,15 so it does not require that the systemalready know the world in order to construct a copy of it. And interactive representationsare constituted in organizations of indications of interactive potentialities, so when aninteractive implicit predication is falsified, that falsification is itself emergent in theprocesses of the system. There is no possibility of questioning the interpretations orcorrectness of the encodings that separate the system from its world in this model,because the epistemic contact is directly constituted in the interactions with that world,not mediated by a veil of encodings. Error, then, when it occurs, is inherently constitutedin system processes, and is therefore not subject to skeptical challenges � however trueit also is that the reasons for error and the nature of possible corrections are at bestdefeasibly discoverable. Thus, since the world is interactively implicitly defined (thoughnot arbitrarily or freely so), not unknowably corresponded to, and since those implicitdefinitions are emergent in interactive system organization, error is internally emergentand functionally available, not hidden behind an impenetrable veil of encodingcorrespondences.Interactivism, then, is not subject to the fundamental aporias of encodingism: theimpossibility of emergence, the incoherence of content, the circularity of construction,and the impossibility of checking. Furthermore, it is also not subject to the standardproblematics within contemporary encodingism. Error, for example, is difficult even todefine within a correspondence-as-encoding framework, while the connections betweenenvironmental differentiations and indicated further interactive potentialities are purelycontingent � the possibility of error is trivially accounted for within the interactivemodel. The problem of correspondences with too many things is similarly irrelevant tothe interactive model � what is being represented is directly emergent in therepresentational content in the interactive model. Neither the representationalpredications nor the representational contents predicated are correspondences in thismodel, so the multitude of factual correspondences are of no relevance to what is beingrepresented. The differentiations do construct internal states that will be in factualcorrespondence with many things and conditions in the environment, but all that isrequired in the interactive perspective is that one of those correspondences ground thefunctional usefulness or appropriateness of the representational content being ascribed,not that one of those correspondences provide that representational content itself. It doesnot matter epistemically, for example, that activities in the retina may be in factualcorrespondence with many many conditions in the light, electron orbitals, and so on, solong as the ascribed potentiality of the interaction of "walking on a surface" in fact holds.

28Such factual correspondences may play important roles in explaining why the ascriptionof such interactive potentialities, such representational contents, tend to be useful to thesystem, and, in that sense, can be quite important to an observer analyzing the system, butthey do not constitute nor provide any of the representational content itself.16Again, these worries in the contemporary literature are pure red herrings. Theyare the manifestations of confusions introduced by the incoherencies of the encodingismsthat dominate that literature.On What Hasn’t Been Addressed. The interactive model as presented here hasattempted to characterize only the most minimal property of genuine representation. Inparticular, it attempts to model the emergence of internal functional informationconcerning the falsification, or lack of falsification, of something that has an "aboutness"concerning the environment. Specifically, the falsification, or lack of falsification, ofindications of the potentiality for particular interactions with that environment. Withrespect to intentionality more broadly, and even more so with respect to mentality morebroadly, this is indeed minimal. Much more needs to be constructed on this foundation inorder to begin to fill out those broader concerns.First Level � Simplification. In particular, there are at least three levels ofconsideration at which the presentation in this chapter is simplified or incomplete. Thefirst level is a set of potential complexifications within the basic organization ofinteractive representation already outlined. A differentiator, to begin, can have more thantwo final states, and, in most real cases, will. The set of possible final states for adifferentiator might have some structure on it, such as an ordering or a metric orsomething more complicated. The differentiating final states, for example, might bewell-ordered analog signals from a measuring process. The final states might also havestructure internal to each state. "Final states", for example, might themselves beconstituted as organized patterns of activity in the overall system.There might be multiple indications of interactive potentialities from a given finalstate. The switch enabling aspect of indication could hold with many many otherswitching processes, goal processes, in the system. The outcome of a visual scan of aglass, for example, might indicate both the possibility of drinking and the possibility ofthrowing. Such indications might be context dependent, perhaps very complexly contextdependent, on other final states, and on other indicators that have themselves been set onthe basis of prior indicative context dependencies. The construction of interactiveindications, and webs of such indications, might, in fact, be enormously complicated, andconstitute an important internal system dynamic of its own � apperception (Bickhard,1980b; Bickhard and Richie, 1983). The goals involved might be part of complexhierarchies of goals and servomechanisms.Second Level � Simplification. The second major level at which the modelpresented thus far is simplified is a representational level version of the problem of causalepiphenomenality discussed with respect to functional analysis. In particular, although asystem of the sort modeled will generate internal functional information concerning thefalsification, or lack thereof, of its interactive indications, very little will follow from,will be consequential on, such falsification or its absence. As discussed thus far, the onlyconsequence is whether the subsystem switches out of itself, or back to its strategies �and that differential switching is the functional information of success or failure of theprevious strategy interaction.

29Representational Epiphenomenality

. There is a sense, then, in which, althoughfunctional analysis per se has been rescued from causal epiphenomenality (or so I claim),the representational systems as analyzed to this point are themselves representationallyepiphenomenal, or, perhaps, their representationality is itself causally epiphenomenal �little depends on or follows from the fact that such systems minimally realize emergentpossibilities of falsifications of "aboutness".

Trivial is Good

. There are two responses to this recognition: First, in general,any model that does not have trivial or epiphenomenal versions is not likely to haveevolved. If the simplest version of a system in which some property or phenomena isemergent is too complicated, then that emergence will be unlikely to occur, unless bypreadapted accident, so that it can be responsive to selection pressures for furtherelaboration and improvement. If it can occur trivially, however, then it is much morelikely to come into existence at all, and then be developed further in evolution. In thissense, the triviality or epiphenomenality of the minimal model is a virtue: it’s possible foreven one celled life to realize such trivial control structures.

Non-trivial is Easy

. Second, it is not difficult in principle to recognize furthersystem processes that could depend crucially on such internal information concerninginteractive success and failure, thus rendering the interactive representation notepiphenomenal. Hierarchies of servomechanisms, for example, with switchingconsequences across the hierarchy depending on such success and failure begins tocapture such non-epiphenomenality. But a quite strong consequence would be theinvocation by interactive failure of a metasystem that engages in trial constructions ofnew system organization, but remains generally inactive under conditions of interactivesuccess. Such a metasystem will stabilize only with system organizations that yieldinteractive success. Under appropriate conditions, it will constitute the emergence of aminimal learning system, and, in this system context, interactive representational successor failure will be quite consequential (Bickhard, 1973, 1980a). The critical point, then, isthat in such minimal systems the functional information is (emergently) available for thesystem, or for evolution, to do further things with, even if little or nothing further is donewith it in the minimal systems per se.Third Level � Incompleteness. A third level of consideration at which themodel presented is simplified and incomplete is with respect to the multiple unaddressedproperties and phenomena of intentionality and mentality, especially human mentality.These include perception, memory, learning, emotions, consciousness, development,language, the self, values, rationality, personality, psychopathology, and so on. I haveaddressed each of these at least briefly elsewhere, and some quite extensively (e.g.,Bickhard, 1973, 1980b, 1987, 1989, 1991a, 1992a, 1992b; Bickhard and Campbell, inpreparation; Bickhard and Christopher, in press; Bickhard and Richie, 1983; Campbelland Bickhard, 1986, 1992, in preparation). The general project, however, is clearly openended, and not destined for any sort of completion. The role of interactive representationwithin this broader project is to serve as a ubiquitous principle of organization uponwhich and within which other intentional and mental processes can be modeled.Location in a Broader Project. There is a general characteristic of this project,however, that I would like to comment on. I view these many mental and humanphenomena as having evolved progressively over the course of macro-evolution. Thereare serious constraints on the sequence in which they could have evolved, but they didnot spring into existence all together (Bickhard, 1973, 1980a). The significance of thatobvious point is that, if that is so, then the gulf between mental and non-mental cannot bethe singular void that Descartes leaves us with, even after rejecting his dualistic accountof that void. If such a model of progressive evolutionary emergence is correct, then there

30are many mental properties and kinds of mental processes, and some of them can existwithout others, while some of them require the prior existence of others in order tofunction or to have evolved themselves. Instead of a void, then, this picture is ofcomplicated potential evolutionary trajectories, involving the sequential and progressiveevolution of more sophisticated mental emergents, and differentiations and elaborationsof prior emergents. The Cartesian void is filled with a rich structure of trajectories ofemergence; The Cartesian diremption of mental from non-mental is healed.In such a model of progressive emergence, questions of the demarcation of mentalfrom non-mental take on a different form. In particular, it becomes arbitrary where todraw a line below which mind does not exist, and above which it does. Instead, theevolutionary trajectories themselves, and the points of emergence along them � bothinitial trivial points and later complicated elaborations � become the focus of interest.Mentality becomes a direction or trajectory, perhaps even tendency, of the cosmologicalevolution of the universe � a strong sort of naturalism. The minimal model ofinteractive representation presented here will be valid insofar as it can successfullyparticipate in the construction of such broader models.

31Fodor on Transduction and on Narrow Content:Two examples of encodingism confusions.With an inspissation of the interactive model now at hand, I turn again to some ofthe issues that exercise contemporary encodingism. The perspective provided byinteractive representation can illuminate even more deeply some of the confusions ofencodingism: having an alternative perspective can help notice and diagnose errors thatmight otherwise go unnoticed because of underlying, implicit, shared encodingistpresuppositions � after all, "What else is there besides encodings?"17 Conversely, suchanalyses illustrate some of the properties of interactive representation and itsrelationships to standard conceptions.Transduction. Fodor (1986), in addressing the question of whether or not hisperspective commits him to the conclusion that paramecia have mental representations,claims that paramecia do not have mental representations because, although they cantransduce environmental properties and respond selectively to the products of thosetransductions, they cannot make inferences � they can only respond to nomic propertiesin the environment since transduction is intrinsically nomic. Paramecia cannot respondto nonnomic properties, such as that of being a crumpled shirt, because selectiveresponding to such nonnomic properties requires inference on the basis of nomicallytransduced properties. In Fodor (1991), he withdraws the defining characterization oftransduction as being intrinsically nomic in favor of transduction being non-inferential.18There are at least two aspects of this issue, that hold regardless of which versionof transduction is considered, that I would like to point out. In both cases, thepresuppositions of encodingism, and the consequent failure to take into accountinteractive possibilities, have confused and distorted the issues.The first aspect has to do with whether or not transductions in paramecia producerepresentations. If so, then Fodor is committed to paramecia having representations inspite of the presumed lack of inference in paramecia. If not, then Fodor is in troubleconcerning human transduction. And transduction can’t create representations anyway.The second aspect concerns the presumption by Fodor of the exhaustiveness of adichotomy that underlies his arguments: the assumption that representations must beproduced in one of only two possible ways, either 1) directly by transduction, or 2)mediatedly via inference. This pair of possibilities is not exhaustive, and, again,transduction cannot generate representations anyway.First Aspect: Paramecia Transductions. First, the critique of encodingism landsdirectly on Fodor’s notion of transduction � whether construed nomically ornoninferentially � and the incoherence of the notion of transduced encodings shows uphere in a confusion concerning transduction in paramecia and in humans. Transduction,in Fodor’s framework, must yield representations, encodings in fact, in order for hisaccount of human representation to work. Transduction provides the grounds, thematerial, for inference (when inference does or can occur, such as in humans), andinference cannot take place on just any naturalistic phenomena. Inference requires thatrepresentations be generated on the basis of prior representations � of propositions, infact (Fodor and Pylyshyn, 1981). For Fodor, then, transduction � whether nomic or justnoninferential � must yield encodings. But that is impossible,19 and, if it were correct,then paramecia would have representations via their transductions, regardless of their lackof inference.

32Perhaps Fodor could claim that paramecia do have representations, but they arejust not mental representations because of the lack of inference. This would construe"mental" as "engages in or participates in inference". Humans and paramecia would beequivalent, on this view, with respect to having representations � via transduction � butthe representations in humans would be "mental" because humans "engage in inference"with those representations. But this would be just a word game concerning how "mental"is to be used. The fundamental question remains that of the presumed representationsthemselves, and whether or not paramecia have them, and this maneuver would retain thecommitment to paramecia having representations.A somewhat more interesting possibility arises from the claim that transductionsin paramecia don’t produce representations because they don’t have to: since parameciadon’t engage in inference, they don’t need representations upon which to base thoseinferences. This possibility, however, creates its own fatal problems.In this perspective, transduction by paramecia does not have to yield encodings,because all that paramecia do is respond selectively, and simple informationalcorrespondence is sufficient for that. Human transduction, however, is required to yieldencodings, because it must ground inference. The difference between the paramecia andhuman beings, then, is not just that humans have inferences on top of transductions, butthat humans require a fundamentally different kind of transduction � transduction thatyields encodings, transduction that yields representation, transduction that yields mental(even if "unconscious") representation.But now we have a position that claims that humans have representations becausethey have transductions that generate them (and must, in order to ground inference), andparamecia don’t have representations because they have transductions that don’t generatethem (and don’t have to since paramecia don’t infer). The issue of whether or notparamecia have representations, then, has devolved into the issue of whether or notparamecia transductions are like human transductions in producing representations.Fodor doesn’t want them to be alike, because he wants paramecia to not haverepresentations. He can claim that paramecia don’t need representations since they don’tinfer, but then he must face the question of what the difference is between humantransduction and paramecia transduction. Presumably paramecia transduction is just asnomological as human transduction, and presumably it is just as non-inferential too.20 So,by either of Fodor’s criteria, we have paramecia on par with humans concerningtransductions. The lack of ensuing inference based on the products of parameciatransductions has no bearing whatsoever on the nature of what those transductionsproduce. There would seem to be little ground left for Fodor’s claim that his positiondoes not commit to paramecia having representations.Fodor’s claimed differentiation between humans and paramecia with regard tomental representations, then, turns out to be circular: humans have mental representationsbecause they must (transductions must provide them, since humans engage in inference,and inference requires representation), and paramecia don’t because they don’t need them(transductions don’t have to provide them, since paramecia don’t engage in inference).That is, humans have (transduced) mental representations and paramecia have(transduced) non-representations, which is exactly what was supposed to be explained,not presupposed, in the first place.Furthermore, the circularity of this argument is just a reflection of the circularityof encodingism in general. Real transduction can produce at best correspondence. Thatis all that paramecia need, so Fodor can leave them without representation. Humans, on

33the other hand, must have grounds for their inference, so transduction must produce morethan just correspondence � transduction must produce representation, encodedrepresentation. Human transduction must produce representation, in this view, so it isclaimed that it does. But the grounds for that claim, the additions to correspondence thatare supposed to turn transduction correspondence-products into representation �nomologicalness or non-inferentiality � apply equally to humans and to paramecia. So,either way, there are no non-question begging, non-circular, grounds for differentiatingthem.If Fodor were to claim that transductions in paramecia do yield encodings, butthat paramecia simply don’t go on to engage in inferences based upon them, then 1) hisdistinction between paramecia and humans reduces to a distinction between no inferenceand inference, rather than no representation and representation, since both paramecia andhumans are regarded as having transduced mental representations, and nobody issurprised or rhetorically impressed that humans and paramecia differ in that way, and 2)the mystery of where the transduced representational content comes from is simplypushed down to paramecia instead of the miracle occurring somewhere higher on thephylogenetic scale.Second Aspect: The Transduction-Inference Dichotomy. The second aspect ofthis overall argument that I would like to focus on is that the exhaustiveness of Fodor’sdichotomy between transduction and inference only holds from within his ownframework of encodingist presuppositions. If encodings are to be generated, then thatmust either be on the basis of prior encodings, i.e., inference, or direct, i.e., transduction� whether nomic or not. But this assumes that the exhaustive basic issue is thegeneration of encodings, whether directly or inferentially, and that holds only if allrepresentation is in fact encoding representation. The interactive model falsifies thatencodingist assumption, and falsifies the assumed exhaustiveness of the transduction-inference dichotomy as sources of representation that is based on it.An interactive differentiator does not yield an encoding, nor any representationalcontent at all, yet it does ground functionally implicit predications, which constitutefunctionally implicit inference, but strictly in a sense that is implicit in the functionalorganization of the system, not in a manipulations-of-encodings or symbols sense. Theinference here is strictly functional and strictly implicit; it is not syntactic nor formal; it isnot Fodor’s inference � it is not the generation of new symbol strings on the basis ofalready extant symbol strings.So, where do such differentiators fit in Fodor’s "exhaustive" dichotomy?Differentiators are not necessarily nomic (lawful), so they are not transducers accordingto Fodor’s earlier characterization. But they can ground representations, and evenderivative encodings, and, therefore, even Fodor type inference. So, by this criterion,they must be transducers � contradiction. Furthermore, if they are not transducers, then,according to Fodor’s dichotomy, they could not ground any sort of inference. But if theyare transducers, then, according to Fodor’s dichotomy, they must yield encodedrepresentational content � and they don’t. Differentiators do not fit anywhere within thisversion of Fodor’s classifications: they must be transducers and not transducerssimultaneously.On the other hand, with respect to Fodor’s later transducer criterion, non-inferentiality, differentiators must be transducers: differentiators are not (necessarily)inferential � however much they may ground functionally implicit predicationalinference, they do not engage in inference, and certainly not in Fodor’s formal symbolmanipulation inference, themselves. Therefore, by this characterization, differentiators

34must be transducers. Furthermore, differentiators can ground inference, so by thiscriterion too, differentiators are again transducers. But, for humans at least,differentiators-as-transducers � Fodor-transducers, anyway � must yield encodings asthe ground for formal inference, and differentiators don’t do that. At best, differentiatorsare non-encoding paramecia-type transducers, not Fodor-transducers, yet, unliketransducers in paramecia, differentiators ground representation. Again, according to thisversion, differentiators must both be and not be transducers. At a minimum, then,Fodor’s exhaustive dichotomy between transduction and inference is a false dichotomy,and all of his reasoning based on it is invalid.Interactive differentiation is not (necessarily) nomic; it is not (necessarily)inferential; it does not yield any representational content in itself, and, therefore, cannotyield encodings; yet it does ground the functionally implicit predication of interactiveproperties, and, thereby, the emergence of (at least potentially mental) representationalcontent. As such, it is neither fish nor fowl within Fodor’s dichotomy, and thereforedestroys (the exhaustiveness of) that dichotomy.Fodor presupposes that the only way to get encoding representational content iseither direct or inferential, which is falsified by interactively based, interactivelyderivative, encodings; and he assumes that the only way to get representational content atall is � in one of these two ways � to get encodings, which is falsified by the interactivemodel in general. Fodor presupposes that representational content is encoding content.So, interactive differentiators obliterate the coherence of Fodor’s transducercharacterizations: differentiators are not nomological (therefore, they are nottransducers); they are non-inferential (therefore, they are transducers); they can groundinference, even (indirectly) symbol manipulation inference (therefore, they aretransducers); but they do not (directly) yield encodings (therefore, they are nottransducers). And interactivism in general destroys the exhaustiveness of Fodor’sdichotomy of how to get representations � either via transduced encodings or viainferred encodings: interactive implicit predications of interactive potentiality are neithertransduced encodings nor inferred encodings. They are not encodings at all.More generally, the interactive model shows how representational content canemerge on the basis of non-representational differentiation � non-encoding, paramecia-type, transduction, differentiation � and, thus, it directly addresses the origin of therepresentational content that Fodor’s story leaves a miracle. Finally, I reiterate the pointthat Fodor’s argument against the Gibsonian position is based essentially on thepresumption that this dichotomy is exhaustive, so that argument fails along with itspresumption.The most important point here, however, is not the failure of the arguments per se,nor the specifics of the confusions that underlie those arguments, but that thoseconfusions are themselves products of struggling with and within the traps of theencoding perspective. The presumed dichotomy between inference and transduction, theconfusion concerning whether or not paramecia ’transductions’ yield representations, theconfusion in the very question concerning the representationality of paramecia’transductions’ � all of these are themselves products of taking the encodingistperspective.Broad and Narrow Content. Another issue that has arisen from within thecorrespondence-as-encoding framework constitutes a confused partial convergence withthe interactive model. This is the issue of broad and narrow content (e.g., Fodor, 1987a,1991). The issue arises from asking what it is, or could be, inside the epistemic agent that

35determines what the agent-to-world correspondence(s) are with � which, in thisframework, amounts to asking what inside the agent determines encodingrepresentational content.In particular, it appears that external, or broad, content � what thecorrespondences are with � cannot be completely determined from within the agent. Amajor source of this intuition derives from Twin Earth scenarios: consider a Twin Earththat is exactly like this earth, in all details including the presumably naturalistic mentalstates of the inhabitants, except that on Twin Earth there is no H2O, but instead there issome compound XYZ that plays the same roles as water on this earth. The point, then, isthat identical mental states in twin epistemic agents � one here and one on Twin Earth� will correspond to H2O here but to XYZ there. The conclusion is that mental statescannot completely determine what their own correspondences will be with � which,again, in this framework, constitutes not being able to determine what their ownrepresentational contents are.Narrow Content. One move � Fodor’s move � is to postulate narrow(representational) contents in the epistemic agent that, together with particular contexts,jointly determine the external correspondences � the broad contents. This makes use ofa notion of a map from context to content, introduced by Kaplan (1979a, 1979b, 1989)for demonstratives: a word like "this" picks out one thing in one context of usage, andsomething else in other contexts. In effect, narrow content proposes that all conceptshave this context-dependent-content character to some degree, though some concepts likedemonstratives and indexicals will be extremely context sensitive, while others,presumably, will require contextual variations on the level of that from earth to TwinEarth in order for their context dependencies to show up.Narrow content, however, proves to be a peculiar notion. It seems, for example,to not be specifiable at all, since any content specification would necessarily be in termsof other concepts, which would exhibit their own context dependencies, and, therefore,any purported narrow content specification would itself simply exhibit this context-to-content functional relationship rather than explicating it. Trying to sort out thecomplexities of, and the controversies over, narrow content has become a significantsubtheme in contemporary encodingism (Loewer and Rey, 1991).Partial Convergence with Interactivism. The partial convergence with theinteractive model in all this is that an interactive differentiator, to a first approximation,does exactly what narrow content is supposed to do: create a context sensitivecovariational correspondence between an internal condition and an external condition in agiven contextual environment. In this manner, it creates epistemic contact with theworld, and serves as one ground for the indicated relevance of representations in general.The problem of context dependency, then, has forced Fodor, and others, to proposesomething with functional properties very convergent with those of interactivedifferentiators.21Divergences. Beyond this, however, divergences abound. First, Kaplan’sproposal was for a context dependency of words, not of mental representations. From anencoding perspective, this is of relatively little matter since words are encodings ofmental contents, which, in turn, are encodings of the world � and the encoding stand-inrelationship is transitive. Issues of context sensitivity, however, become noticeably morecomplex in the interactive model of language, since words cannot be encodings of mentalcontents. As a first approximation, words evoke context sensitive differentiations of

36internal context sensitive differentiators � there is a double layering of differing kinds ofcontext sensitivity (Bickhard, 1980b; Bickhard and Campbell, 1992).Setting language considerations aside, however, we find now familiar confusionsin the differences between narrow content notions and interactive differentiators.Differentiators do compute context sensitive correspondences with the world, ascontextually open differentiations of the world, but there is no confusion that thosecorrespondences, context sensitive or not, constitute representational content for thesystem itself. An encodingist recognition of essential context sensitivity is here stilllaboring under the basic encodingism correspondence-as-encoding confusion.Differentiators create correspondences-as-information, but not correspondences-as-representation, and there is no knowledge of what the correspondence is with at all, eitherin the computation of the correspondence itself nor in the existence of the correspondenceitself once computed. Differentiators create informational relationships with the world,where information is in the control sense, not any representational sense, and what iscontrolled by that information is indications of further interactive potentialities.Such (webs of) indications of further interactive potentialities are what constituterepresentational content in the interactive model, not the environmental differentiationsthat context sensitively control those contents. The core function of environmentallyinteractive differentiators is precisely to control the evocation of (indications of)interactive representational contents in a context sensitive manner, not to constitute thoserepresentational contents. Only with (appropriate) such environmentally context-sensitive controls of interactive representational content can the system as a whole remainfunctional � alive.Interactive representational contents are (organizations of) indications of furtherinteractive potentialities, and a viable system must manage to manifest appropriateenvironmental sensitivity of those indications, and, thus, appropriate environmentalsensitivity of the actual further system interactions. Such "appropriate" environmentalsensitivity of consequent ultimate system interactions is adaptiveness. Differentiatorsprovide the sensitivity; correct implicit predications in functional indications ofinteractive potentialities provide (part of) the appropriateness; and executions of thoseindicated subsystem organizations (strategies) provide the interactions. And, overall,such functional organization constitutes emergent representation.Encodings are Defined by their Contents. The narrow content-broad contentissue is caught within still another of the paradoxes of encodingism. Representation iscontext sensitive, and must be context sensitive, in order for epistemic agents to remainstable, but encodings, in the standard view, are intrinsically not context sensitive.Encodings are carriers of representational content, and representational content issupposed to specify what the encoding represents. It makes sense within standardencodingism to postulate context sensitive constructions of encodings, but not contextsensitive encodings themselves. To postulate context sensitive encodings per se seemssimply confused, in the encodingist view, in the sense that whatever representationalcontent gets context sensitively selected � by whatever process � "ought" to be thecontent of the encoding, not the process of selection nor the mapping that the selectionprocess computes. That is, classic encodingism presses for equating the representationalcontent of an encoding with the broad content that is context sensitively selected � withthe other end of the correspondence � not with the context sensitive map from context to"content" that picks out that broad, external "content".Any such selected broad content itself encounters still another variant of thecircularities. If narrow content selections of broad content are of things or conditions

37actually in the environment, then we are again committed to a semantics strictly from theobserver’s standpoint, and have not even begun to address the issue of representation-for-the-system itself, since we still have no model that even attempts to explicate the system’scontent. While, on the other hand, if narrow content selections are of contents strictlywithin the system � observer independent system content, as are the indications in theinteractive model � then those selected internal contents need to already be there inorder to be selected, and we need a completely different account of what it is that is beingselected, of what content-for-system really is, of what "broad" content really is, andencodingism does not and cannot address that without vitiating itself on the incoherenceproblem. It’s no wonder that the notion of narrow content has been perplexing.Jerry-rigging Again. Once again, the interactive model intrinsically exhibitswhat has had to be Jerry-rigged into the encoding perspective � in this case, the contextsensitivities that are involved in representation. And the narrow content�broad contentattempt to account for such context dependencies doesn’t work anyway, since it is stillcommitted to an observer semantics. Standard encodings are encodings, and, therefore,are representations, by virtue of what they are supposed to represent � by virtue of therepresentational content that they are presumed to carry. So encodingism encounters thecircularity of requiring that the representational content be known in order for therepresentational encoding to exist, since something is an encoding only by virtue ofcarrying such content � but, if all representations are encodings, as encodingismspresume, then we are back at the necessity to already have representation in order to getrepresentation. Introduction of context sensitivities into what an encoding represents �into the encoding stand-in relationship � complexifies the issues, and makes it moredifficult to try to define an encoding in terms of what it is supposed to represent, moredifficult to entertain the simple confusion that an atomic encoding could be defined interms of what it is supposed to represent, but it does nothing toward breaking out of thebasic circle. It does nothing toward accounting for the emergence of representationalcontent out of non-representational phenomena.In other words, narrow content still leaves representational content anunaddressed miracle. It is still an encodingism, and is still incoherently unable to accountfor its own presuppositions � to account for the representational contents that arenecessary in order for the atomic level encodings to exist at all, whether context sensitiveor not. The interactive model does explicate such representational emergence, and doesso in a way that intrinsically manifests the context sensitivities that have driven thedistinction between narrow and broad content.22ConclusionThe primary task of this chapter has been to argue the impossibility of standardconceptions of, and approaches to, representation. The alternative interactive model hasbeen developed primarily in order to demonstrate that the family of critiques ofencodingism does not lead to an unescapable impasse regarding representation. I haveshown that interactivism doesn’t fall to the same impossibilities as encodingism, but thereare many issues remaining that are crucial to demonstrating the adequacy of interactivismto representational phenomena in general. These include standard cognitive phenomena,such as perception, language, conceptualization, rationality, creativity, and so on, andfurther aspects of intentionality, such as the attitudinal aspects of propositional attitudes,the systematicity of propositional attitudes, emotions, and consciousness (Bickhard,1980a; Campbell and Bickhard, 1986, in preparation).

38Nevertheless, what has been developed in this chapter is already sufficient toshow how representation can emerge out of non-representational phenomena, and, thus,how it can exist at all. It shows how representation could emerge and how it couldevolve in a manner fully consistent with naturalism. It avoids the absurdities of radicalinnatism (Bickhard, 1991a, 1991b; Fodor, 1975, 1981), of correspondences-as-encodings,and the incoherencies of encodingist representational content.In particular, the interactivist model of representation is fully capable of beinginstantiated in human beings and other animals and of being constructed in machines.Appropriate functional control structure organizations for representational emergence areno more mysterious or impossible for machines than for human, or other animal, nervoussystems � whether innately wired or constructed.Interactivism, however, does imply that no passive system can have genuinerepresentation: representational content is constituted as indications of potentialinteractions, and that is not possible (at least not for the system itself) if the system isitself not capable of interaction. Artificial intelligence, insofar as it attempts artificialepistemic agents, must be a branch of robotics, not of computer science or programmingtheory. Similarly, cognitive science must, in this view, abandon the traditionalinformation processing backbone of perception, to cognition, to language in favor of verydifferent frameworks of analysis. For example, in the interactive view, perception is notan input phase or stage, but is instead "merely" a specialized kind of interaction �generally just like all other kinds of interactions (Bickhard and Richie, 1983). The studyof language, similarly, takes on a completely different form within a framework thateschews utterances as encodings of mental contents (Bickhard, 1980b, 1987; Bickhardand Campbell, 1992).Minimally, interactivism and its associated critiques of encodingism show thatthere are foundational flaws in contemporary approaches to representation, intentionality,and naturalism � flaws that arguably have been with us for millennia. More generally,interactivism shows how to avoid the multiple aporias of encodingism, but it requires amajor rethinking of cognitive phenomena in return. It offers the possibility of a deeperunderstanding of, and a more powerful conceptual framework for, human cognition; andit offers the possibility of genuine artificial epistemic agents (Bickhard, 1991c).

39ReferencesAshby, W. R. (1960). Design for a Brain. London: Chapman and Hall.Bechtel, W. (1986). Teleological functional analyses and the hierarchical organizationof nature. In N. Rescher (Ed.) Current Issues in Teleology. Landham, MD:University Press of America, 26-48.Bickhard, M. H. (1973). A Model of Developmental and Psychological Processes. Ph.D. Dissertation, University of Chicago.Bickhard, M. H. (1980a). A Model of Developmental and Psychological Processes.Genetic Psychology Monographs, 102, 61-116.Bickhard, M. H. (1980b). Cognition, Convention,and Communication. New York:Praeger.Bickhard, M. H. (1987). The Social Nature of the Functional Nature of Language. InM. Hickmann (Ed.) Social and Functional Approaches to Language and Thought (pp.39-65). New York: Academic.Bickhard, M. H. (1988). Piaget on Variation and Selection Models: Structuralism,Logical Necessity, and Interactivism Human Development, 31, 274-312.Bickhard, M. H. (1989). The Nature of Psychopathology. In L. Simek-Downing (Ed.)International Psychotherapy: Theories, Research, and Cross-Cultural Implications.(115-140). New York: Praeger.Bickhard, M. H. (1991a). A Pre-Logical Model of Rationality. In L. Steffe (Ed.)Epistemological Foundations of Mathematical Experience New York: Springer-Verlag.Bickhard, M. H. (1991b). Homuncular Innatism is Incoherent: A reply to Jackendoff.The Genetic Epistemologist, 19(3), p. 5.Bickhard, M. H. (1991c). How to Build a Machine with Emergent RepresentationalContent. CogSci News, 4(1), 1-8.Bickhard, M. H. (1991d). The Import of Fodor’s Anticonstructivist Arguments. In L.Steffe (Ed.) Epistemological Foundations of Mathematical Experience. New York:Springer-Verlag.Bickhard, M. H. (1992a). How does the Environment Affect the Person? In L. T.Winegar, J. Valsiner (Eds.) Children’s Development within Social Contexts:Metatheoretical, Theoretical and Methodological Issues. (pp. 63-92). Hillsdale, NJ:Erlbaum.Bickhard, M. H. (1992b). Scaffolding and Self Scaffolding: Central Aspects ofDevelopment. In L. T. Winegar, J. Valsiner (Eds.) Children’s Development withinSocial Contexts: Metatheoretical, Theoretical and Methodological Issues. (pp. 33-52) Hillsdale, NJ: Erlbaum.Bickhard, M. H., Campbell, R. L. (1989). Interactivism and Genetic Epistemology.Archives de Psychologie, 57(221), 99-121.

40Bickhard, M. H., Campbell, R. L. (in preparation). Topologies of Leaning andDevelopment.Bickhard, M. H., Campbell, R. L. (1992). Some Foundational Questions ConcerningLanguage Studies: With a Focus on Categorial Grammars and Model TheoreticPossible Worlds Semantics. Journal of Pragmatics, 17(5/6), 401-433.Bickhard, M. H., Christopher, J. C. (under review). The Influence of Early Experienceon Personality Development.Bickhard, M. H., Richie, D. M. (1983). On the Nature of Representation: A Case Studyof James J. Gibson’s Theory of Perception. New York: Praeger.Bickhard, M. H., Terveen, L. (in preparation). The Impasse of Artificial Intelligence andCognitive Science.Bigelow, J., Pargetter, R. (1987). Functions. Journal of Philosophy, 84, 181-196.Birrell, N. D., Davies, P. C. W. (1982). Quantum Fields in Curved Space. Cambridge.Block, N. (1980a). Introduction: What is functionalism? In N. Block (Ed.), Readings inphilosophy and psychology (Vol. I). (171-184). Cambridge: Harvard.Block, N. (1980b). Troubles with functionalism. In N. Block (Ed.), Readings inphilosophy and psychology (Vol. I). Cambridge: Harvard.Bogdan, R. (1988a). Information and Semantic Cognition: An Ontological Account.Mind and Language, 3(2), 81-122.Bogdan, R. (1988b). Mental Attitudes and Common Sense Psychology. Nous, 22(3),369-398.Bogdan, R. (1989). What do we need concepts for? Mind and Language, 4(1,2), 17-23.Boolos, G. S., Jeffrey, R. C. (1974). Computability and Logic. Cambridge.Boorse, C. (1976). Wright on Functions. Philosophical Review, 85, 70-86.Brown, H. R., Harr�, R. (1988). Philosophical Foundations of Quantum Field Theory.Oxford.Burnyeat, M. (1983). The Skeptical Tradition. Berkeley: University of California Press.Campbell, D. T. (1974a). ’Downward Causation’ in Hierarchically Organized BiologicalSystems. In F. J. Ayala, T. Dobzhansky (Eds.) Studies in the Philosophy of Biology.(179-186). Berkeley, CA: University of California Press.Campbell, D. T. (1974b). Evolutionary Epistemology. In P. A. Schilpp (Ed.) ThePhilosophy of Karl Popper. (413-463). LaSalle, IL: Open Court.Campbell, R. L., Bickhard, M. H. (1986). Knowing Levels and Developmental Stages.Basel: Karger.

41Campbell, R. L., Bickhard, M. H. (1987). A Deconstruction of Fodor’sAnticonstructivism Human Development, 30(1), 48-59.Campbell, R. L., Bickhard, M. H. (in preparation). Knowing Levels and theDevelopment of Natural Kind Categories: Interactivism, structuralism, and nativism.Campbell, R. L., Bickhard, M. H. (1992). Types of Constraints on Development: AnInteractivist Approach. Developmental Review, 12(3), 311-338.Carlson, N. R. (1986). Physiology of Behavior. Boston: Allyn and Bacon.Churchland, P. M. (1984). Matter and Consciousness. MIT.Cummins, R. (1975). Functional Analysis. Journal of Philosophy, 72, 741-764.Eilenberg, S. (1974). Automata, Languages, and Machines. Vol. A New York:Academic.Fodor, J. A. (1975). The Language of Thought. New York: Crowell.Fodor, J. A. (1981). The present status of the innateness controversy. In J. Fodor,RePresentations . Cambridge: MIT Press (pp. 257-316).Fodor, J. A. (1986). Why Paramecia don’t have Mental Representations. In P. A.French, T. E. Uehling, H. K. Wettstein (Eds.) Midwest Studies in Philosophy X:Studies in the Philosophy of Mind. U. of Minnesota Press, 3-23.Fodor, J. A. (1987a). Psychosemantics. Cambridge, MA: MIT Press.Fodor, J. A. (1987b). A Situated Grandmother? Mind and Language, 2, 64-81.Fodor, J. A. (1990). A Theory of Content. Cambridge, MA: MIT Press.Fodor, J. A. (1991). Replies. In B. Loewer, G. Rey (Eds.) Meaning in Mind: Fodor andhis critics. (255-319). Oxford: Blackwell.Fodor, J. A., & Pylyshyn, Z. (1981). How direct is visual perception?: Some reflectionson Gibson’s ecological approach. Cognition, 9, 139-196.Fodor, J. A., & Pylyshyn, Z. (1988). Connectionism and Cognitive Architecture: Acritical analysis. Cognition, 28(1-2), 3-71.Gibson, J. J. (1966). The senses considered as perceptual systems. Boston: HoughtonMifflin.Gibson, J. J. (1977). The theory of affordances. In R. Shaw & J. Bransford (Eds.),Perceiving, acting and knowing. (67-82). Hillsdale, N.J.: Erlbaum.Gibson, J. J. (1979). The ecological approach to visual perception. Boston: HoughtonMifflin.Ginzburg, A. (1968). Algebraic Theory of Automata. New York: Academic.Harnad, S. (1990). The symbol grounding problem. Physica D.

42Hopcroft, J. E., Ullman, J. D. (1979). Introduction to Automata Theory, Languages, andComputation. Reading, MA: Addison-Wesley.Horgan, T., Tienson, J. (Eds.) (1988). Connectionism and the Philosophy of Mind.Southern Journal of Philosophy, XXVI, Supplement: Spindel Conference, 1987.Jantsch, E. (1980). The Self-Organizing Universe. Pergamon.Kaplan, D. (1979a). On the logic of demonstratives. In P. French, T. Uehling, Jr., & H.Wettstein (Eds.), Contemporary Perspectives in the Philosophy of Language.Minneapolis: U. of Minnesota Press, 401-412.Kaplan, D. (1979b). Dthat. In P. French, T. Uehling, Jr., & H. Wettstein (Eds.),Contemporary Perspectives in the Philosophy of Language. Minneapolis: U. ofMinnesota Press, pp. 383-400.Kaplan, D. (1989). Demonstratives: an essay on semantics, logic, metaphysics, andepistemology of demonstratives and other indexicals. In J. Allmog, J. Perry, H.Wettstein (Eds.) Themes from Kaplan. Oxford University Press, 481-563.Keisler, H. J. (1977). Fundamentals of Model Theory. In Barwise, J. MathematicalLogic. North Holland.Kim, Jaegwon (1991). Epiphenomenal and Supervenient Causation. In D. M. Rosenthal(Ed.) The Nature of Mind. Oxford, 257-265.Kitchener, R. F. (1988). The World View of Contemporary Physics. SUNY.Kneale, W., Kneale, M. (1986). The Development of Logic. Oxford:Clarendon.Laird, J. E., Newell, A., & Rosenbloom, P. S. (1987). SOAR: An Architecture forGeneral Intelligence. Artificial Intelligence, 33, 1-64.Loewer, B., Rey, G. (1991). Meaning in Mind: Fodor and his critics. Oxford:Blackwell.Lucas, G. R. (1989). The Rehabilitation of Whitehead. SUNY.Lycan, W. G. (1990). The Continuity of Levels of Nature. In W. G. Lycan (Ed.) Mindand Cognition. Blackwell, 77-96.McClelland, J. L., Rumelhart, D. E. (1986). Parallel Distributed Processing. Vol. 2:Psychological and Biological Models. MIT.Miller, G. A., Galanter, E., & Pribram, K. H. (1960). Plans and the Structure ofBehavior. New York: Holt, Reinhart, and Winston.Moore, G. H. (1988). The emergence of first order logic. In Aspray, W., Kitcher, P.History and Philosophy of Modern Mathematics. U. of Minnesota, 95-135.Neander, K. (1991). Functions as Selected Effects: The Conceptual Analyst’s Defense.Philosophy of Science, 58(2), 168-184.Newell, A. (1980a). Physical Symbol Systems. Cognitive Science, 4, 135-183.

43Newell, A. (1980b). Reasoning, Problem Solving, and Decision Processes: The ProblemSpace as a Fundamental Category. In R. Nickerson (Ed.) Attention and PerformanceVIII. Hillsdale, NJ: Erlbaum.Nicolis, G., Prigogine, I. (1977). Self-Organization in Nonequilibrium Systems. NewYork: Wiley.Nicolis, G., Prigogine, I. (1989). Exploring Complexity. New York: Freeman.Olson, K. R. (1987). An Essay on Facts. Stanford, CA: Center for the Study ofLanguage and Information.Piaget, J. (1954). The Construction of Reality in the Child. New York: Basic.Piaget, J. (1970). Genetic Epistemology. New York: Columbia.Pippin, R. B. (1989). Hegel’s Idealism. Cambridge U. Press.Popkin, R. H. (1979). The History of Scepticism. Berkeley: University of CaliforniaPress.Prigogine, I. (1980). From Being to Becoming. San Francisco: Freeman.Pylyshyn, Z. (1984). Computation and Cognition. MIT.Quine, W V. (1966). Implicit Definition Sustained. In W. V. Quine The Ways ofParadox and other essays. (195-198). Random House.Rumelhart, D. E., McClelland, J. L. (1986). Parallel Distributed Processing. Vol. 1:Foundations. MIT.Shimony, A. (1986). Events and processes in the quantum world. In R. Penrose, C. J.Isham (Eds.) Quantum Concepts in Space and Time. (182-203). Oxford.Smith, B. C. (1985). Prologue to "Reflections and Semantics in a Procedural Language"In R. J. Brachman, H. J. Levesque (Eds.) Readings in Knowledge Representation.(31-40). Los Altos, CA: Morgan Kaufmann.Smith, B. C. (1987). The Correspondence Continuum. Stanford, CA: Center for theStudy of Language and Information, CSLI-87-71.Van Gulick, R. (1982). Mental Representation: A Functionalist View. PacificPhilosophical Quarterly, 3-20.Waltz, D., Feldman, J. A. (1988). Connectionist Models and Their Implications.Norwood, NJ: Ablex.Wimsatt, W. C. (1972). Teleology and the Logical Structure of Function Statements.Studies in the History and Philosophy of Science, 3, 1-80.Wimsatt, W. C. (1976). Reductive Explanation: A functional account. In R. S. Cohen,C. A. Hooker, A. C. Michalos, J. Van Evra (Eds.) PSA-1974. Boston Studies in thePhilosophy of Science. (Vol. 32, pp. 671-710). Dordrecht: Reidel.Wright, L. (1973). Functions. Philosophical Review, 82, 139-168.

1. I have mentioned three stances that are commonly taken with respect to a potentiallyrepresentational system: a designer stance, a user stance, and an observer stance. Thethree stances differ in terms of the origins of the knowledge of correspondences betweenconditions internal to the system and those external to the system: a designer typicallystipulates and engineers such correspondences; a user typically learns them; and anobserver typically diagnoses them from observations and analyses. What all three havein common, however, is that they constitute perspectives that are simultaneously on boththe system and on that system’s environment. It is by virtue of this dual perspective thatencoding correspondences can be defined � between known conditions in the systemand known conditions in the environment. But these are known only to the holder of suchan external perspective. None of these three perspectives is that of the system itself, andthe system does not have any independent perspective on its own environment. Suchcorrespondences may (or may not) exist between the system and its environment, but totake any such correspondences as constituting representations for the system is to requirethat the system know not only the internal states, but also the correspondences and whatthose correspondences are with. Such a project encounters precisely the circularity ofincoherence: the system must already know what the correspondences are with in orderfor the correspondences to constitute representations for the system, but such knowledgeis what those correspondence representations were supposed to provide in the first place.2. A camera produces correspondences, lawful correspondences, between the image atthe back of the camera and scenes in front of the camera. Of course, no one confusessuch images with representations � at least not for the camera itself. The imaging in acamera does not involve transduction in its typical sense, but the only function of theenergy transformations of transduction in standard approaches is that it provides thegrounds for the claims of lawfulness of the correspondences produced.3 In spite of this double recognition � 1) of the distinction between correspondence =correlation = covariation = information, on the one hand, and genuine representation, onthe other, and 2) of the fact that the latter problem is still essentially untouched � we stillfind Fodor presuming, as if the matter is settled, the core of his claimed demolition ofGibson (Fodor and Pylyshyn, 1981; e.g., in Fodor, 1991). That critique of Gibson,however, is based essentially on a non-sequitur equivocation on exactly the distinctionbetween information = correspondence and genuine representational content � fromtransduction, which gives at best correspondence, to "that the light is so-and-so" �representation. Bickhard and Richie (1983) show just how bad that "demolition" ofGibson really is.Incidentally, we also find in Fodor (1991, p. 257) the assumption "that we have astory about representation along the lines of representation-is-information-plus-asymmetric-dependence", in spite of the apparent recognition of the distinction betweeninformation and representation.In yet another instance of Fodor’s attack on Gibson, we find in Fodor (1986, p.19) the claim that "Gibsonians require that for each nonnomic property to which we canrespond selectively, there must be a coextensive, transducer-detectable, psychophysicalinvariant; e.g., a light structure in the case of each such visual property." Gibsoniansrequire no such thing. Fodor is again simply charging the Gibsonians with theconsequences of his own non-sequitur. It is Fodor’s confusion that yields the presumed exhaustive dichotomy between transduction and inference, and, therefore, it is Fodor’sconfusion that concludes that if the Gibsonians deny inference, they must be committedto transduction for everything. In fact, Fodor’s transduction cannot exist (Bickhard andRichie, 1983) � it directly encounters the incoherence problem � and the dichotomybetween transduction and inference is not exhaustive � it only even appears plausiblyexhaustive, in fact, within a very narrowly focused encodingist perspective. Within sucha narrow encodingist focus, you either generate encodings directly � transduction � oryou generate them on the basis of earlier encodings � inference (see Fodor onTransduction in the main text below).4. The notion of functionalism as involving the possibility of substituting for componentsor aspects in virtue of their (the substitutes) serving the same function as that substitutedfor does not endorse the Pylyshyn (1984) notion of a singular cleavage betweenbiological and functional levels of consideration. In fact, the hierarchical process-emergence model within which this discussion proceeds forces, and, thus, convergeswith, something like Lycan’s (1990) model of hierarchical functionalism.5 There is an approach to this regress problem that construes current functions of asubsystem type in terms of past contributions to meeting selection pressures in ancestralorganisms, and holds that the first instances of such subsystems, presumably accidental,did not in fact serve a function. Functional emergence, then, depends on pastcontributions to the satisfaction of selection pressures; and past satisfaction of selectionpressures as a ground for this emergence is taken to be at least one step closer to anultimate naturalistic model. This maneuver, however, does not address the conceptualproblem of systems without evolutionary history, and does not address the normativityproblem.It also relies on the choice of ’satisfying selection pressures’ as somehow criterialfor ’function’, but does not address why the satisfaction of selection pressures shoulditself be taken as criterial for anything. The implicit response to this charge is that it is interms of such selection pressure satisfaction that the existence of the current system is tobe explained. I would argue that there is a germ of a solution hidden within this implicitanswer, but, prima facie, it simply backs up the regress one step: Why shouldcontributions to the existence of current systems be taken as criterial?From my perspective, the deepest problem with this approach is that it fails torender function as non-intentional and non-epiphenomenal. Whether or not a system hasa function in this view supposedly depends on whether or not there is an appropriatehistory of contributing to the satisfaction of selection pressures, but the presence orabsence of such a history makes no difference whatsoever to the current activities of thesystem, and to its consequences. The presence or absence of such a history, and,therefore, in this account, the presence or absence of there being functions to be served atall, is causally and ontologically epiphenomenal. An intentional observer might concludethat there was or was not such a history, and, therefore, that there was or was not afunction in this sense, but that does not provide ground for a naturalism of functionalanalysis.6 Note that since this analysis is in terms of patterns or types of process organizations, itis already intrinsically also in terms of tendencies or propensities for certainconsequences to obtain. It thus addresses naturally such potentially problematicexamples as malfunctioning instances of system components, or components that arenever called on for the performance of their function in this particular system instance.

That is, it addresses normative issues in virtue of the modalities of propensity at the levelof types. I will not address here the complexities that can obtain when, for example,normative functional analysis and functional etiological explanation interact, as forvestigial organs. Clearly, such interactions and differentiations can ramify withimpressive complexity.7. Self maintenance and recursive self-maintenance can be construed as functionalpropensities (Bigelow and Pargetter, 1987), except that here the propensity to contributeto the recursive self-maintenance of the system is taken to be a property of theorganization of the underlying process in the system, not a property of some part of thesystem.8 Note that this framework relies on properties that were emphasized by the cyberneticground out of which Artificial Intelligence and Cognitive Science developed, but whichwere abandoned in the shift to the symbol manipulation framework. The symbolmanipulation framework as an approach to cognition, however, presupposed away one ofits own fundamental problems � the nature of representation. In effect, I am proposingthat the problem of emergent representation cannot be solved without taking into accountseveral of the aspects of cybernetics that have been ignored � plus evolutionaryconsiderations, a better grounding of functional analysis, and so on. On the other hand, itshould also be noted that cybernetics itself had no satisfactory model of representationeither.9. The notion of a final state, and of a set of possible final states, is essentially that of theconditions in a system that are functional for exerting control on other parts of thesystem. The "final" part of the term is strengthened if the subsystem in question switchesoff only when in some final state, though little of the interactive model requires that. Itwould be quite in keeping with the model developed that a differentiator would functioncontinuously and concurrently with other parts of the system, and would change its "finalstate" that exerted control influences on (indications for; see below) the rest of the systemfrom time to time on the basis of its interactions. The term "final state" is adopted fromautomata theory, and certain aspects of automata theory, such as the discreteness andstrict sequentiality, are not necessary for the interactive model. It is also possible, and, infact, very interesting consequences follow, if a system’s differentiators collectively canstore their final states as indicators. For example, there might be a dynamics internal tothe system that could ensue among those stored indicators, even though the initialindicators would be stored on the basis of interactions with the environment (Bickhard,1980b; Bickhard and Richie, 1983).10. This notion of implicit definition apparently originated in the 19th century with therealization that appropriate axiomatizations of geometry could be taken as implicitlydefining the notions of geometry (Kneale and Kneale, 1986). It was adopted by Hilbertas a formalist approach to mathematics in general, in which all of mathematics would beso implicitly defined (Moore, 1988). It carries on in formal model theory in more refinednotions such as those of categorical or monomorphic axioms (Kneale and Kneale, 1986)or of an elementary class of models (Keisler, 1977). It is this notion of axioms implicitlydefining a class of models (Kneale and Kneale, 1986; Quine, 1966) that is generalized inthe idea of interactive implicit definition.There is also a related notion of the implicit definition of a term in an axiomsystem by its position and role within that system, and a proof that the possibility of suchan implicit definition implies the possibility of (a somewhat ad hoc) explicit definition

(Boolos and Jeffrey, 1974; Kneale and Kneale, 1986; Quine, 1966). The interactivenotion of implicit definition is not the definition of a term, but this theorem isnevertheless of relevance in showing that implicit definition is not intrinsically lesspowerful than explicit definition (Quine, 1966) � when explicit definition is possible atall.It is this last point, of course, that is at the core of the issue: such explicitdefinition is possible only in terms of already available representations � it is anencoding definition � and, therefore, cannot serve any fundamental epistemologicalfunctions. Explicit definitions cannot yield new representational content or newknowledge; they can only yield stand-ins for representation and knowledge alreadyavailable. Implicit definitions can.11 This notion of environmental sensitivity is with respect to the environment of thesystem under analysis. In the case of the central nervous system, for example, the’environment’ includes the rest of the body, and sensitivity to, say, blood sugar level,would constitute a functional sensitivity of an appropriate kind. The key point is thatsuch sensitivity � to blood sugar level � is a strictly functional notion, and does notrequire any representation, of blood sugar or anything else.12. Note also that while a system in which the function of representation is served must bea goal directed system � else there would be no internal criterion of error � theconverse does not hold. Not all goal directed systems will be representational. Inparticular, only those goal directed systems that differentiate their activities in the serviceof the goal in accordance with differentiations of the environment (or some other sourceof such informational differentiation) will constitute minimal representational emergenceaccording to this model.13 Note that, on this explication, any genuine adaptiveness will be at least primitivelyrepresentational (such as a recursive self-maintenant system). This is in the sense ofinvolving indications of interactive potentialities about the environment � such(indications of) interactive potentialities are the representational content.Such a notion of content is more primitive than any involving systematicities orconstituents of such content, or involving any differential attitudes towards (thepredication of) such content. These issues, which commonly exercise Fodor and others,are changed in major ways by the interactive implicit definition explication of content,but will not be addressed in this chapter.The general notion that representation must be functional for a system’sinteractions with its environment in order to functionally exist for the system at all issimilar to Van Gulick (1982), but that explication proceeds, beyond the basic intuition,within a clear encodingist framework. There seems to be an assumption that onlycovariational correspondence could serve such an interactive function.14 With respect to number: one property of a lower level control system � or itsexecutions � is the iteration of a subsystem within a larger system: a count of thenumber of iterations. This could be detected and controlled from within a given systemlevel, but could be represented only from within a next higher knowing level.15. Interactivism per se is a model of the nature of representation. In particular, it is not amodel of learning or development. Interactivism, however, does have strong implications for learning and development. In particular, interactivist system organizations cannot bepassively impressed into a mind via induction or transduction, and, therefore, they mustbe actively constructed. Interactivism, then, forces a constructivism. Furthermore, suchconstructions, unless they are prescient, must be blind trials, so interactivistconstructivism must be a blind variation and selection constructivism, an evolutionaryepistemology (Campbell, 1974b). Variation and selection constructivism, in turn, is akind of interactionism between system and environment with regard to learning anddevelopment. So, interactivism as a model of representation forces interactionism as amodel of development. The two models of interactivism and interactionism, then, are notthe same, not even models of the same phenomena, but they do have a strongrelationship, with the first forcing the second (Bickhard, 1988, 1991d, 1992a, 1992b;Bickhard and Campbell, 1989; Campbell and Bickhard, 1986).16 For still another example, note that the interactive model of emergent representationalcontent is not subject to the peculiar dissolution into "meaning holism" (Fodor, 1987a,1990). The minimal interactive representation system, and its representational content, isfar from holistic.17 A reaction I have received several times at talks that I have given on interactivism andthe encodingism critique.18. Note that by defining transducers as non-inferential rather than in terms of their beingnomic, Fodor risks being committed to accepting connectionist nets as transducers.Among other consequences, he could no longer simply claim (as in his argument againsthis construal of Gibson, for example) that non-nomic properties, such as that of being a"crumpled shirt", cannot be "transduced."19. To recapitulate, it is impossible for transductions to yield encodings because atransduced encoding must encode that which produces it, that which is energeticallytransduced, and, in order to do that, the system must already know what is beingtransduced � as usual, you must already have encoding representational content in orderto get encoding representational content. The temptation to pass the origin of thisknowledge onto prior learning or on to evolution fails because the same problem recurs atall levels: encoding representational content must come from somewhere, and neitherevolution nor learning nor transduction can generate it (within the encodingistframework). In all cases, the question of the origin of the knowledge, the origin of therepresentational content, cannot be addressed. In all cases, the incoherence problem isencountered (Bickhard and Richie, 1983, contains a detailed tracking of the counters andcounters-to-the-counters that might be proposed in this argument).20. As mentioned before, so also is a camera.21 The Twin Earth intuitions turn on the presumption of naturalism: the conceptualexperiment wouldn’t work if thoughts were taken to be entertainments of Platonic forms.In particular, if naturalism is correct, then representation, whatever it is, must beconstitutable in physical terms, or perhaps in physically instantiated functional terms.But functional interrelationships can at best functionally differentiate, differentiate withrespect to functional properties � they do not provide a privileged epistemic access tonoumena. So, if all physical relations are identical in two situations, then so also are allfunctional relations, and naturalism cannot epistemically penetrate deeper than todifferentiate down to, but not below or within, functionally identical properties. Twinearth scenarios postulate a situation in which H2O and XYZ have functionally identical properties, even though they are in fact different compounds, and turns on the intuitionthat whatever is in the mind could not differentiate more finely than those interactivefunctional properties � without violating naturalism. Therefore, there must besomething in the mind that picks out external differentiations, and such picking-out mustbe functionally context dependent. Assuming naturalism, then, whatever isrepresentational in the mind cannot select or pick out or differentiate more finely thanidentity of interactive functional properties, and, therefore, such differentiation willnecessarily be functionally context dependent.If two substances were identical in functional properties with respect to allpossible functional properties, then there are no grounds for supposing their difference atall. So, the Twin Earth intuitions also lead to the conclusion that if a party on either earthhad access to both H2O and XYZ it would be possible to find differentiating functionalproperties. Similarly, science on either world might have already found properties ofH2O or XYZ respectively that would differentiate it from the other should theopportunity to examine both occur.Twin Earth arguments, then, turn on a basic principle of interactivism: thefunctional � but functional in the interactive sense, not in the Fodor encoding sense �character of representation, and the consequent impossibility for representationaldifferentiations to partition more finely than those interactive functional properties. Toattempt to capture those differentiating properties in terms of "contents" � narrowcontent � is to attempt to capture a differentiation process in terms of what itdifferentiates, but what is differentiated is specifiable only in a fully context dependentmanner. But the differentiation functional organization itself is not context dependent,only its executions and its external conditions of outcomes are, and, therefore, onceagain, the encodingism approach presupposes itself. Once again, it must have content inorder to get content, and it is impossible to have that content in the first place � nonecessarily context dependent characterization of content, narrow or otherwise, canpossibly capture the context independent functional organizations that contextdependently differentiate such contents. So long as content is what is represented, andwhat is represented is what is corresponded to, the circularities of encodingism areunavoidable. Real narrow ’contents’ � interactive differentiators � have, in themselves,no content at all. And they cannot be given content in terms of what they differentiate orcorrespond to. Among other consequences, they cannot be ultimately understood orexplicated or modeled in terms of any such content.There is still another encodingism-created problem that appears here: naturalismforces a distinction between narrow and broad content; folk psychology, meanwhile,seems to require that representational contents have causal interactions with each other,and that these interactions be in terms of broad content; yet only narrow contents are inthe brain, and, therefore, only narrow contents are potentially causally available to eachother. One move would be to attempt to demonstrate that folk psychology can get bywith only causal interactions among narrow contents, but, however, superficiallyplausible this might seem in a Twin Earth case, its plausibility disappears for moresensitive Kaplanesque context sensitivities such as indexicals. A different move might beto deny folk psychology completely, but such denials must ultimately offer some sort ofreplacement (Churchland, 1984). The phenomena of talk, and of talk of beliefs anddesires, and of causal consequences of such talk, may or may not end up beingunderstood in standard folk psychology construals, but the phenomena must neverthelessbe accounted for in some way. (The encodingism argument, in fact, has as a consequencethat folk psychology in its standard interpretation cannot be correct � propositional attitudes� whether beliefs, desires, or any other sort � cannot be attitudes towardencoded propositions.)This apparent conflict between naturalism and folk psychology, however, is itselfa product of encodingism. Naturalism may force the narrow-broad content distinction,but resources for representational content, and for the potentiality of causal interactionamong representational content, are restricted to broad or narrow contents only fromwithin an encodingism.In the interactive model, in particular, the representational content is not given inthe context sensitive differentiator at all, nor in its "broad" differentiated externality, but,rather, in indications of potential further interactions � indications of the potentiality ofexecuting other system organizations. The differentiators, the indications, and the othersystem organizations whose potential executions are indicated, are all aspects and parts ofthe system itself, and, thus, are all naturalistically available for possible interaction witheach other in that system. Whatever may be the ultimate fate of folk psychology, it won’tfail on the basis of the necessity of impossible broad-content causal interactions � atleast not from within the interactive model. (There are other implications of theinteractive model for folk psychology that I will not pursue here: one example is thesense in which an interactive system may function ’as if’ it had certain beliefs � mayfunction in ways that involve implicit functional presuppositions about the environmentor the system itself, that do not involve any explicit representational content, Bickhardand Christopher, in press.)22 There is another interesting sense in which this entire standard debate is, from theinteractive perspective, misguided from the start: the questions of intentionality andrepresentation are being asked about "mental states". Interactivism is embedded in astrict process ontology, and, from such a perspective, to ask about mental states isequivalent to asking about flame states. Both flames and mental phenomena areintrinsically open systems, necessarily in process, and a state approach is at best an aspectof a mathematical idealization, and at worst a labyrinthian dead-end. Flames can havestates in the sense of the idealization of a single time slice through the process, where theprocess itself is captured, say, by some differential equations, but there is no way toexplicate what a flame is nor to understand it just in terms of such a state. Or a flamecould have a state in terms of some relatively, even if momentarily, stable aspect of itsprocess, such as "being in the state of burning that piece of wood". Again, however,although such "conditions of the process" may be quite relevant to some considerations,they cannot model what a flame is at all. There is no apriori reason why a state approachto mind should be any better suited than to flames, and the interactive perspective � forthat matter, any reflection on the hierarchies of emergence of patterns of process throughatoms, molecules, life, mind, and so on � argues strongly that a state approach isprecisely such a labyrinthian blindness. Simply, a state approach is just an idealization ofa substance approach. A state approach, a mental state approach, then, is bound to befatally misleading as a presupposition of the very statement of the issues concerningmentality.