Levels ofRepresentationalityMark H. BickhardMark H. BickhardDepartment of Psychology17 Memorial Drive EastBethlehem, PA 18015MHB0@LEHIGH.EDU

Levels ofRepresentationalityAbstractThe dominant assumptions � throughout contemporary philosophy, psychology,cognitive science, and artificial intelligence � about the ontology underlyingintentionality, and its core of representationality, is that of encodings � some sort ofinformational or correspondence or covariation relationship between the represented andits representation that constitutes that representational relationship. There are manydisagreements concerning details and implementations, and even some suggestions aboutpossible alternative ontologies, such as connectionism (though none that escape what Iargue is the fundamental flaw in these dominant approaches). One assumption that seemsto be held by all, however, usually without explication or defense, is that there is onesingular underlying ontology to representationality. In this paper, I argue that there are infact quite a number of ontologies that manifest representationality � levels ofrepresentationality � and that none of them are the standard �manipulations of encodedsymbols� ontology, nor any other variation on the informational approach torepresentation.

Levels ofRepresentationalityPhenomena of intentionality, with the �aboutness� of representation at its core,pose the primary historically remaining problem for naturalistic accounts of the world.They also, arguably, pose the deepest and most difficult problems that naturalism has hadto face � more so than the problems of the nature of life, for example. Meanwhile, theaspirations of cognitive science and artificial intelligence to be able to understand and toconstruct intentional systems have broadened these concerns enormously. Intentionalityand representation are now focal concerns at levels ranging from philosophy topsychology and biology, and even to engineering with respect to computers,connectionism and neural nets, and robotics (Glymour, 1988).Intentionality, like all phenomena, involves issues of epistemology and ofontology, and of the relationships between them. On the epistemological side, there arethe behaviors of animals that seem to involve, in some way, beliefs and desires; there arethe special evidences and manifestations of language for human animals (and a fewothers; Savage-Rumbaugh et al, 1993); there are the internal constraints of the physiologyof central nervous systems; and there is the utterly unique internal perspective andconstraint of each individual�s phenomenology. No other subject matter in scienceinvolves such a double perspective internal to the system of concern; intentionality,however, involves both physiology and phenomenology.On the ontological side � the dual of the epistemological considerations �conceptions of the ontology of intentionality are prerequisite to any modeling orconstructing interests in intentional phenomena. Investigation of the cognitivefunctioning of the brain, equally with aspirations of designing and building intentionalsystems, can only proceed within some framework of assumptions concerning theontological nature of the intentional phenomena of interest. Unfortunately, dominantnotions concerning that ontological nature of mental phenomena do not remain fixed anduncontroversial. From associations to information processing to connectionist nets,notions of the basic nature of mental phenomena have evolved and conflicted, and brainstudies and design aspirations have had to both keep up with and participate in the issuesand the controversies.There was a period of one or two decades, in the 1960s and 70s, in which theinformation processing approach was so dominant and unchallenged that it became takenfor granted by many researchers in related fields � it appeared that such foundationalissues concerning the nature of intentionality could be presumed and not examined. Thatis no longer the case, and hasn�t been since about 1980. Neither cognitive neuroscientistsnor cognitive psychologists nor artificial intelligence researchers can avoid taking somesort of stand in the middle of competing alternative conceptions of the architecture ofintentionality (Bickhard, 1991d). In this paper, I intend to add to the alternativesavailable, but in a way that is intended to offer resolutions of many of the issues andcontroversies involved.There is relatively little controversy concerning issues of the epistemology ofintentionality � of the manifestations of and the sources of constraint on intentionality� though there can be great controversy about the relevance and importance of variousaspects and domains of these phenomena for the ontology of intentionality. Concerningthe ontological explanations of and models for intentionality, however, there are vast

2differences. The ontological level, of course, is precisely the primary focus of concern atall levels of philosophy, science, and engineering. The ontology of intentionality is thekey to the nature of intentionality, to the human and animal instances of intentionality,and to the construction of intentional artifacts. The differences and controversiespermeating those issues of intentional ontology, then, have broad and central relevancies.Dennett. Claims about design constraints on intentional ontology encompassmuch of the differences and controversies in the domain. Many of these constraints arederived from manifestations of intentionality, from the epistemology of intentionality.Dennett, for example, claims that intentionality is just a manner of speaking, useful forprediction of a system�s behavior sometimes, and less so in other cases, but, as a mannerof speaking � a stance � is equally applicable to lawn mowers, chess playing computerprograms, and people, so long as it affords useful predictive power (Dennett, 1969,1978). In this view, there would be no fact of the matter regarding the ontology ofintentionality and representation. In a clarification of his position, Dennett argues that allintentionality is strictly derivative. In this view, the intentionality of a machine isderivative from the purposes for which humans build it and use it, and the intentionalityof humans and other animals, in turn, is derivative from the purposes for which variousbehaviors and system organizations have been selected by evolution (Dennett, 1987).However, whatever the relationship is between evolution and the intentionality ofanimals, it is nothing like the ascriptive or interpretive relationship between humans andthe derivative intentionality of, say, written text or a chess playing mahine. Dennettconflates these badly. This position also curiously bypasses the phenomenologicalperspective on intentionality. Dennett (1991) does address consciousness, but primarilyin a negative way � to defeat some rampant Cartesian presumptions about consciousness� and relies on Dennett (1987) for an account of representational content, and, thus, thecore of intentionality, anyway.Fodor. Proceeding from a quite different perspective, Fodor (1975, 1981, 1983,1986, 1987, 1990; Loewer & Rey, 1991) argues that the intentional folk psychology ofbeliefs and desires is not only our most epistemologically important manifestation ofintentional phenomena, but that it imposes severe constraints on any intentional ontology� severe to the point of essentially reifying various aspects of folk psychology intoscientifically necessary intentional ontologies. For example, he argues that the systemicvariations that are possible between propositional attitudes and the propositions aboutwhich they may be held � one can believe, wish, fear, etc. some proposition P, for oneform of systematic variability, and one can believe P or Q or R or ... etc., for a dual formof such variability � requires that the attitudes and the representations of what they areattitudes about must be concluded to be ontologically distinct. The attitudes end up asrelatively unspecified relationships to the propositional representations. In this argument,the variability between the attitudes and their propositions yields the conclusion that theymust be ontologically distinct.Fodor makes a further application of this same form of argument to the allegedpropositional representations themselves. In particular, there is an additionalsystematicity regarding the propositional representations from which Fodor claims asimilar ontologically reifying constraint. Any intentional system, so the argument goes,that can entertain �John loves Mary� (can believe, wish, or fear it, and so on) can, inprinciple, also entertain �Mary loves John�. Just as the systemic independent (relatively)variability between propositional attitudes and their propositions leads Fodor to claimthat the attitudes and their propositions must be ontologically distinct elements or states,so does the systemic variability of various aspects or components of propositions yield,for Fodor, the conclusion that those within-propositional variabilities correspond toontologically real elements, sub-propositional elements. These will be subpropositional

3representational elements, therefore intentional elements. This, of course, underlies thefamiliar claim that there is, and must be, an (innate) language of thought in the brain to beable to account for manifest thought and language (Fodor, 1981; for fundamentalcriticisms, see Campbell & Bickhard, 1987; Bickhard, 1991b, 1991c).Note, however, that the very form of argument here is invalid. Systematicvariabilities, even if accepted fully and without caveat, license at best a conclusion ofrelatively independent degrees of freedom in the space of possible constructions ofwhatever manifests those variabilities � be they thoughts or utterances or anything else.One way to instance, and, thus, one way to explain, such independence of constructivefreedom is in terms of independent ontological atoms with broad combinatorialpossibilities and constraints. The constructions, in this view, are simply the combiningsof those elements or atoms, and the variabilities follow from the freedom of choicesavailable in the course of such constructions. This, clearly, is Fodor�s choice. Someversion of such representational atomism is also the massively dominant choice inphilosophy, in cognitive science, and in artificial intelligence.But this is not the only possibility. Any such freedom of construction willmanifest similar systemic variabilities. For example, constructions of chords out of puresine waves will manifest unbounded such freedom and potential for variability.Constructions of computer programs out of subroutines or objects or agents will similarlymanifest potentialities and constraints of systemic variability and substitution.Constructions of actions out of subactions, or, better, construction of a theme of action(say for a dance, out of aspectual themes, such as smoothness, rapidity, volume,freneticness, repetition, and so on) is still another instance of systemic variability andconstraint. This point does not settle anything about representation and intentionality, butit does demonstrate that accepting the variabilities that Fodor claims does not necessarilycommit to the representational atomism that he concludes. I argue, in fact, that Fodor�srepresentational atomic encodingism, and, similarly, that of the dominant positions inphilosophy, cognitive science, and artificial intelligence, are not only not necessary, butthat they are logically impossible � they are at root logically incoherent (Bickhard,1992a, 1993; Bickhard & Terveen, 1995). So, since those systematicities seem to be wellsupported, it�s a good thing that those systematic variabilities do not have to be denied inorder to escape the atomism that they seem to support!The Cartesian Gulf. There is a different assumption, in common to Dennett andFodor, however � and to virtually all other approaches to these phenomena � that Iwish to take as the focus of this paper. This assumption is a vestige of Cartesianism, butone less noted than others. This is the assumption that representational intentionality isontologically unitary, that it is some sort of singular natural kind � that there is somesort of singular gulf between the ontology of the mental and that of the non-mental.I wish to argue, to the contrary, that there are at least several different sorts ofrepresentationality, and that they involve differing underlying ontologies. From thisperspective, the assumption that intentional representationality all involves some kind ofcommon underlying nature is part of the explanation for how such widely differentpositions can be held in the literature: everyone is looking at different parts of theelephant and reifying his or her part to the whole beast.I will be approaching this discussion in a somewhat unorthodox manner. Inparticular, instead of marshaling various points about the epistemology of intentionalityand trying to show that they constrain the ontology of intentionality in some way oranother (for a discussion of some of these strategies, see Shanon, 1991; note that thismethodology presupposes that there is a common underlying ontology), I will primarily

4be examining various aspects and possibilities of an ontological model (actually apartially hierarchical series of ontologies) and arguing that those aspects and possibilitieswould � and do � all manifest themselves in ways that get commonly described in folkpsychological intentional terms. What I end up with is not a disjointed heap ofintentionally described phenomena, but more like a model of various levels ofrepresentationality, with interesting interrelationships and dependencies among the levels.I begin with some very implicit and aspectual representational characteristics of systems,and end with fully differentiated and specialized representations. Along the way, Iconnect with various other claims about representational intentionality in the literature,universally with the conclusion that those claims have captured something correct aboutthe manifestations of the phenomena, but that those claims are fundamentally in errorconcerning the underlying ontologies for those phenomena.

5Levels of RepresentationalityLevel 1Pure intentional stanceLevel 2Functional presuppositionLevel 3Interactive implicit definitionDifferentiationLevel 4Functional interactive predicationLevel 5Procedural implicit definitionIterations of presuppositionsUnboundedness of implicitnessLevel 6Situation imageApperceptionLevel 7ObjectsMemoryPerceptionLevel 8LearningOff-line processingStrategiesInternal encodingsDifferentiation and defeasible referenceLevel 9LanguageSituation conventionsUtterances as operatorsLevel 10AwarenessConsciousness as reflexive awarenessKnowing levels and developmental stages

6Levels and LevelsLevel 1. I will take level 1 of representationality to be the pure intentional stance,applicable to lawn mowers and humans alike, with no particular ontologicalcommitments or claims. This in spite of Dennett�s claiming that this is not what he hadin mind (Dennett, 1987 � see Dennett, 1969 and 1978, however). Such a null or at leastminimal ontological position is an appropriate initial level for my purposes since thehierarchy of levels that I propose constitutes a progression of increasingly differentiatedand specialized representational ontologies, and a null ontology is a convenient null pointfrom which to begin such a hierarchy.One characteristic that will not hold for this hierarchy is that it is not, and, I wouldargue, cannot be, a hierarchy of emergence or evolution or design of intentionality orrepresentationality. It certainly will have relevance for the design problem, for example,in that the various ontologies presented constitute alternative approaches, and in somecases arguably necessary approaches, for instantiating various kinds of representationalascription. But, because representational ascriptions all tend to have the same canonicalform of belief-desire folk psychology, it is not always easy to determine from a givenascription what sort of ontology might underlie it. In fact, if this model is correct, there isa systematic ambiguity for most intentional ascriptions among the several alternativeintentional ontologies. The differing ontologies, however, will tend to sort themselvesout with respect to their potentialities and counterfactual properties.I should note that, for the most part, there is nothing magical or inherent aboutthese levels. They are in several cases distinguished by differences that could for otherpurposes have been collapsed together; differentiating these levels depends on what sortsof differences seem worth emphasizing for the purposes at hand. This is in contrast, forexample, to some hierarchies that are ontologically intrinsic and forced by the nature ofthe phenomena at hand (Campbell & Bickhard, 1986, 1992b). (And, there are a numberof potential forms and levels that will not be developed here, such as, for example,emotions, values, rationality, the social person, and identity; Bickhard, 1980a, 1991a,1992a, forthcoming, in preparation-b; Campbell & Bickhard, 1986.)The intent in presenting a number of levels of the ontology of representationalityis partly to outline an overall modeling approach, and partly to make a prima facie partialcase that this approach might be competent to model all intentional phenomena. Insofaras that competence is plausible, it becomes relevant to contemporary approaches thatthere are many underlying ontologies in this approach to intentionality � not just one �and, further, that none of them have the standard form of representations as some specialkind of representational correspondence � of representations as encodings.Level 2. Level 2 is a kind of intentionality of presupposition involved in somesystem activity. For initial motivation, consider presupposition in utterances. Onefamous example is �The King of France is bald.� A classic issue concerning this andrelated sentences is that, since France doesn�t have a king, is this sentence false, or is itdefective in some other way � and, if so, what other way? My focus, however, is on therelationship between the sentence and France having a king: a presuppositionalrelationship. Note that a presuppositional relationship is not the same as an entailmentrelationship: �The King of France is not bald.� involves the same presuppositionconcerning France having a king, but not the same entailments. Instead, a presuppositionis a kind of condition for the appropriateness of the sentence (Bach & Harnish, 1979;Bickhard, 1980b); uttering the sentence presupposes conditions under which thatutterance is appropriate.

7It is this appropriateness aspect that I will pick up on. To shift to a moreexplicitly functional perspective, consider the lowly and classical thermostat: itfunctionally presupposes that the heat flow in or out of its space will not exceed certainlevels, otherwise it could not keep up; it also presupposes that the temperature in its spacewill not oscillate above and below the set point with greater than some frequency,otherwise the thermostat�s switching mechanism would not be able to keep up. Neitherof these presuppositions are �in� the thermostat in any ontological sense; they are notwritten on the wires. They are, instead, truths about the functional relationships betweenthe thermostatic system and its environment: Truths about the conditions of goodfunctioning of the system. They are functional presuppositions.Attribution of such presuppositions requires first an attribution of something likepurpose to the system. Functional presuppositions are the conditions under which theways in which the system goes about attempting to achieve its goals will in fact tend tosucceed in reaching those goals. Such purposive attributions could themselves be purelylevel 1 ascriptions, such as the presuppositions that my lawnmower apparently makes inits attempts to maximally befuddle and enrage me, or they could be based on anascription of explicit goal directed feedback functional organizations to the system, as forthe thermostat.There is nothing metaphysically odd about functional presuppositions; they aresimply aspects of the functional properties of purposive systems that interact with theirenvironments. They are functional, relational, properties, that hold or do not hold muchlike any other properties. They are a kind of implicit property of the organization of theinteractive system with respect to possible environments. There are, in fact, otherversions of such functional implicitness: for example, a tendency for achieving certainconditions may constitute an implicit goal, as in the case of the guided missile that has animplicit goal of destroying an airplane, but whose explicit feedback systems are builtaround vector signals from infrared detectors. The explicit goal might be to achieve adiscrepancy signal of zero between that vector signal and the major axis of the missile(clearly over-simplified, but sufficient for the point).What�s most interesting for my current purposes is that, in the case of humans(and often times other animals) when we observe behavior that seems to involvepresuppositions of appropriateness, we tend to think and talk and write about thosepresuppositions as if they were full canonical beliefs. If we see someone being cautious,for example, we are likely to attribute a belief that there is a likelihood of danger. Suchan attribution may or not hold, but in many respects that issue turns on what is taken toconstitute, to ontologically constitute, beliefs in the first place. Certainly there is muchanimal and human behavior that involves sometimes elaborate functional presuppositionsthat do not involve any explicit encoded representations, nor conscious representations,nor perhaps even potentially conscious representations. Does the spider believe that foodflies and can be caught in the spider�s web? How about the frog believing that themoving dot is a fly?Such examples do not seem to give us too much trouble � they seem fairlyclearly to not be full examples of genuine belief. Just what they are examples of,however, is not so easily consensual. I am suggesting that they are functionallypresuppositional, and that it is those presuppositions that are involved in the evolutionaryselection of the respective mechanisms. In particular, the presuppositions of therespective mechanisms for eating tend to be true in that species� typical environments(Millikan, 1984).

8More troublesome examples show up when we look at instances of falsepresuppositions, especially in humans. Consider John�s typically reticent and cautiousbehavior whenever he is around women. In some sense, John functions in the world as ifwomen were universally, perhaps inherently, dangerous. Maybe we can even postulatesomething about the kind of danger women present to John from various more detailedaspects of his behavior. These behaviors, and their aspects, manifest precisely the sortsof functional presuppositions under discussion. That is, they are the conditions underwhich John�s behavior would be functionally appropriate.If we ask John, however, he may respond that, on the contrary, he is very lonelyand in fact is quite drawn to women, or maybe even deny our attribution vehemently. Or,after some discussion and reflection on his behavior and his past, he may agree with usthat he seems to be afraid of women, but, in doing so, he is concurring in our inferenceabout that, and still has no awareness of such fear.In such cases, both we and John are overwhelmingly likely to attribute some sortof belief in the dangerousness of women to John, and then to puzzle over how he couldbelieve such a thing and not even know it. That is, we will use canonical folk psychologybelief-desire ascriptions, and then puzzle over the absence of one usual and evenintrinsically expectable concomitant � awareness of one�s beliefs. We do have a readymade solution to this puzzle, however, and that is to postulate an intentional realm inwhich such beliefs can reside that is somehow separate from and epistemically cut offfrom normal consciousness and normal reporting: the dynamic Unconscious. When wecombine such ascriptions of implicit presuppositions with those of implicit goals ordesires and other forms of implicitness, in fact, we account for a very large portion of thephenomena that we otherwise ascribe as explicit belief-desires, but in the Unconscious(Bickhard & Christopher, 1994). Note that we do not make the equivalent move for thespider or the frog or the bird feigning a broken wing and moving away from its nest.The general point of level 2 of representationality, then, is that properties of theworld can be presupposed in the functioning of a system without necessarily beingexplicitly represented in that system. Such functional implicitness is a real propertybelonging to a system, a real property of the functional relationship between the systemand its environment, but is not a distinct representational ontology in the system. Suchpresuppositional representationality can hold of many systems, so long as we ascribepurpose of some sort, such as chess playing programs, missiles, thermostats, animals, andhuman beings. In most cases, such ascription will neither warrant nor require anyontology stronger than such functional presuppositions.Level 3. In level 3 I consider a different kind of implicitness. Instead of theconditions that are implicitly presupposed in the appropriate functioning of a system, Iwish to consider here a kind of representationality that is implicit in system functioning,system environmental interaction, that has already occurred. Specifically, consider asubsystem engaging in interaction with its environment: the internal course of thatinteraction will depend both on the organization of the subsystem and on the interactiveproperties of the environment being interacted with. That same subsystem interactingwith a different environment might engage in quite different internal processes.In particular, the internal state that the subsystem ends up in when its currentinteraction ceases will depend on the environment that it has interacted with. Someenvironments will yield the same such final state, while other environments will (orwould) yield a quite different final state. The possible final states of such a subsystem,then, serve as classifications of the possible environments: each final state classifies all ofthe environments together that would yield that particular final state if interacted with.

9Each possible final state will serve as a differentiation of its class of environments. Note,however, that, although the system will have functionally available informationconcerning what category of environment has been differentiated, and, thus, encountered,there is no information concerning anything about that environment beyond that it wasjust encountered and that it is not the same as those environments differentiated by any ofthe other possible final states: Minimal information.The relationship between a possible final state and the class of environments thatwould yield that final state in actual interaction is a kind of interactive version of implicitdefinition. In model theory, a logical system implicitly defines its class of models � thepotential models that do satisfy that system (Kneale & Kneale, 1986; Moore, 1988); inthis case, an interactive system with a specified final state implicitly defines its class ofenvironments � the class that would yield that final state (Campbell & Bickhard, 1986,1992a; Bickhard, 1993; Bickhard & Campbell, 1992). The relationship between apossible final state and the class of environments that would yield that final state in actualinteraction is also akin to the relationship between a set of final states in an automatonand the (implicitly defined) class of input strings that that automaton could recognize.An automata theoretic recognizer, however, unlike the interactive case, has no outputsthat influence further inputs, and, correspondingly, �recognizes� input strings rather thanenvironments that can, in interaction, generate those input strings (Bickhard, 1980b,1993; Boolos & Jeffrey, 1989; Eilenburg, 1974; Ginzburg, 1968; Hopcroft & Ullman,1979).There is a kind of implicit representation involved here: an implicit representationby virtue of interactive implicit definition. But there is no representational contentinvolved. The system has no information about the classes of environments that itimplicitly defines. Strictly, the system has no information that anything has beendifferentiated or implicitly defined: no ontology specified to this point would give thesystem any information that it was interacting at all, nor that there was anything to beinteracting with, and, therefore, certainly not any information about what was justinteracted with.Nevertheless, when we as observers of such a system discover such implicitdefinitional relationships � especially in such systems that we already consider to beintentional, such as complex organisms � there is a near universal tendency to ascriberepresentationality to them. We, as external observers of the system in its environments,do know something about the system environment, and can note various correspondencesthat might be created by the differentiations, the implicit definitions, of the systemactivities. When we do, and most especially when the interactive differentiations arepassive, with no outputs, we ascribe to those internal final states a full representationalcapacity as encodings, generally sensory encodings, produced by the final states ofsensory transducers. As observers, we note the correspondences between system internalstates and environmental conditions and reify those correspondences into epistemicrelationships (Bickhard, 1992a, 1993). We assume that the system represents that whichit generates correspondences with. This move is ubiquitous (Fodor, 1990; Hanson, 1990; McClelland & Rumelhart,1986; Newell, 1980a; Rumelhart & McClelland, 1986; Smith, 1987). It is also fraughtwith problems, fatal problems I argue (Bickhard, 1992a, 1993, 1995b; Bickhard &Terveen, 1995). Basically, the factual existence of correspondences gives no ground forthe ascription of ontological representations in and for and to a system itself: a systemdoesn�t know anything about any such correspondences, not their existence, nor whatthey are with, simply by virtue of there being such correspondences. Trivial versions ofsuch internal-to-external correspondences exist between a stone and its environment;

10such correspondences, in fact, are ubiquitous throughout the universe, and very few ofthem have anything to do with representation. This holds just as strongly for transducedencoding correspondences as it does for patterns-of-activity connectionistcorrespondences. It is this common assumption of representation-as-correspondence thatvitiates both symbol manipulation and connectionist approaches to representation(Bickhard, 1993; Bickhard & Terveen, 1995).This problem of the plethora of correspondences is not unknown in the literatureof those who wish to characterize representation as correspondence. The generalstrategy, in fact, is to attempt to find additional restrictions on correspondences that willsucceed in picking out just those correspondences that are representations (Fodor, 1990;Newell, 1980a; Smith, 1987). As a first of many critiques of this strategy, note that, evenif it succeeded in its own terms, it would at best extensionally capture the class ofrepresentations that are correspondences: it would, in itself, give no model ofrepresentational content, of what makes those particular sorts of correspondences intorepresentations (unless such a model of content were itself the form of restriction on theclass, in which case we would have �elements in correspondence are representations ifthey already have representational content of what they are in correspondence with� �all the important work, in such a case, would be done by the model of content, not themodel of correspondence).For a related critique, note that there is, in fact, a class of correspondences thatconstitute representations: encodings, such as Morse code. But encodings cannot be afoundational form of representation � they cannot model representational content �because they presuppose the prior existence and understanding of such representationalcontent. In Morse code, for example, �. . .� encodes �S� in the sense that it stands-infor �S� and is understood as standing-in for �S� � that is, �. . .� can be interpreted asstanding in for �S� by those who already know Morse code. In turn, Morse code can belearned by learning such correspondences as between �. . .� and �S�, but only if �S� isalready known, only if the representational content of the character �S� is alreadyavailable. �. . .� stands in for �S� in the sense of borrowing whatever representationalcontent �S� already has. Such encodings, then, only borrow already existingrepresentational content; they do not generate representational content. Encodings, then,cannot solve epistemological problems, because these problems require accounts of thegeneration of new knowledge about the situation, the world in general, mathematics, andso on. Encodings are carriers of already extant representation, not the sources of newrepresentation. Therefore, encodings cannot be the solution to the general problem ofrepresentation.A currently focal issue regarding representations as correspondences is theproblem of the very possibility of representational error (Dretske, 1981, 1988; Fodor,1987, 1990; Loewer & Rey, 1991; Millikan, 1984, 1993). If a correspondence (of the�right� kind) exists, then the (supposed) representation exists, and it is correct, while ifthe correspondence does not exist, then the representation does not exist, and, therefore, itcannot be incorrect. How can a representation exist and be in error?There are several proposals in the current literature attempting to address thisproblem (Dretske, 1988; Fodor, 1990; Millikan, 1984, 1993). I will not address them inany detail, but simply point out that, even if any of these proposals succeeded on theirown terms (and that, of course, is controversial), they would still not be acceptablemodels of representation. The reason is that they all depend on conditions thatdistinguish representational correspondences from non-representational correspondences

11� Fodor�s asymmetric dependencies, Dretske�s learning histories, Millikan�sevolutionary and learning histories � that cannot in general be assessed by the organismthat supposedly has the representations. It requires an external observer, and a fairlyknowledgeable such observer, to assess such issues as asymmetric dependencies orevolutionary or learning histories. The organism cannot do it for itself. So the purportedsolutions work, if they do at all, only for observers, not for the intentional organisms orsystems themselves.This is unacceptable. It violates a basic constraint of naturalism: representation,and representational error cannot be dependent on external analysis and ascription onpain of making the analysis of intentionality circularly dependent on external intentionalobservers. It also makes impossible the organism or artifact detecting error in its ownrepresentations, and thereby makes impossible any model of error directed processes inthat organism or artifact, such as goal directed behavior or learning. Representationalerror must be possible, and it must be detectable � not necessarily infallibly � in thesystem, by the system, and for the system, independent of any observer (Bickhard, 1993,in preparation-b, in preparation-c; Bickhard & Terveen, 1995).These critiques of encodings as exhausting or grounding the nature ofrepresentation are members of a large family of critiques of correspondence approachesto representation, some of ancient provenance, some being discovered quite recently.Even individually, they defeat an encodingist approach to representation (except for thosefor whom there is no alternative to encodings, so they look for some way around or someway to ignore the critiques); collectively, they bury it even deeper (Bickhard, 1992a,1993; Bickhard & Terveen, 1995).My current focus, however, is that there is something ontologically real in suchcorrespondences, and that it is typically, though falsely, rendered in canonicalrepresentational terms. What is real is that the system does have functionally availableinformation that it is in final state A, say, rather than B, or others, and that suchdifferentiating information might be useful in further system activities � might be usefulfor selecting among potential further system interactions. In simple systems, such as arock, there may be no way for such information to be used, in which case it may becausally nugatory, but that doesn�t alter the point that it is present. In complex interactivesystems, implicitly defining differentiations of the environment might be just what isneeded in order to control behavior in adaptive ways � even if there is norepresentational content of what has been differentiated, of what is on the other end of thecorrespondence.Here, then, we have an implicit definitional form of ontologicalrepresentationality. This form is almost universally mis-taken as constituting fullintentional representationality, but, nevertheless, it does constitute its own level ofontological representationality, a sort of pre-representationality � one that does exist andcan be useful for further forms.Level 4. In level 4 we look at a more explicit, but still not differentiated orspecialized, form of intentionally ascribable system ontology. It is this level thatconstitutes a minimal emergence of ontological representationality (Bickhard, 1980b,1987, 1991c, 1992a, 1993), though that is not the primary focus here. Level 4 involves afunctional predication of interactive properties to a system environment. It constitutesthe representational core of a position dubbed interactivism (Bickhard, 1987, 1992a,1993; Bickhard & Campbell, 1989, 1992; Bickhard & Richie, 1983; Bickhard & Terveen,1995; Campbell & Bickhard, 1986, 1992a; Vuyk, 1981).

12In a system that is goal directed in at least a negative feedback sense, there maybe more than one way available for the system to attempt to reach its goal. Suchalternative goal-attempting procedures may involve differences in the environmentalconditions and circumstances in which those different procedures will tend to succeed.Where such differences exist, the system would be well served by some method ofdifferentiating the prevailing environmental conditions, and switching to goal-attemptingprocedures appropriate for those conditions.Where, then, would information for the control of switching to the �right�procedure come from? In principle, it could come from anywhere, but, in general, it willbe generated by differentiations of the current environment that are already inherent inthe system�s interactions with that environment. In particular, the differentiations andimplicit definitions of level 3 representationality can provide exactly the sort ofinformation needed to select appropriate subsequent subsystems for continuing somesystem interaction in pursuit of a goal. Thus, if the current goal is G22 and the final stateof the relevant differentiating subsystem is F87, then procedure P232 should be selected,while for differing final states and/or goals, differing selections of subsequent proceduresmay be appropriate.A goal subsystem, then, may switch among alternative available procedures, andmay do so on the basis of the final states arrived at by interactive (or passive) subsystemsthat differentiate the environment. The final states of differentiators, then, serve as a kindof meta-switch for the goal system: the differentiating final states switch the goal systemwith respect to what classes of further procedures the goal system will call on, with theultimate selection depending on the specifics of the current goal. Putting this anotherway, the differentiator final states indicate which further procedures might beappropriate, perhaps by setting pointers, or some equivalent, and the goal system selectsfrom among those that are so indicated the procedures that might be appropriate for thegoal.Note that this constitutes a functional use of differentiating final states that makesno assumptions that those final states carry any representational content � makes noassumptions that they are representations for the system at all. All that is required is thatthey do differentiate appropriate environmental conditions in fact, not that they explicitlyrepresent those conditions.Similarly, the notion of �goal� that is required here is not necessarilyrepresentational. Goal, in the sense required, can be as simple as functional or physicalswitches based on set-points: they switch to subordinate procedures if the set-point (goal)is not met, and switch out of the local organization of process (control structure) if it ismet. The goal switching organizations can be of much greater complexity, and goals canmake use of representations when available, but a representational notion of �goal� is notrequired (Bickhard, 1993; Bickhard & Terveen, 1995). If a representational notion ofgoal were required, this would introduce a circularity into the model: representationdefined in terms of goals, which, in turn, would be representational. Strictly functional,switching, goals avoid this circularity.The sense in which I argue that this conditional switching in the service of a goalconstitutes the emergence of minimal representationality is that it constitutes theemergence of error � the possibility that the system might be wrong � and error for thesystem itself. That is, it provides not only the possibility of error per se, but provides thepossibility that the system might discover that it is wrong, in a way that is strictly in andof and by and for the system itself. It provides a form of error that is strictly internal; thatis not dependent on any ascriptions of intentionality from outside the system itself.

13Specifically, if the system fails to reach its goal, then something was in error in theindications of further interactions for that goal, and, since that failure to reach its goal isitself an internal condition of the system, information of such failure is functionallyavailable to the system for further processing (e.g., such as switching to a differentsubsystem in the service of some higher level goal, or invoking some learning procedure)(Bickhard, 1993). My critical point is the functional availability of that error information,not what the system does (or does not) do with that information.More importantly for my current purposes, however, is the sense in which such asystem organization constitutes a functional predication about the environment. It is thisfunctional predication, in fact, that is capable of being wrong, and of being discovered tobe wrong by the system. In particular, the functional indication of some procedure P232on the basis of an environmental differentiation (level 3) constitutes a predication to thatenvironment of the interactive properties appropriate to that procedure: it is a predicationthat environments of implicitly defined type F87 are environments of interactive typeP232.If a frog, for example, engages in visual scans that have internal outcomes whichnormally differentiate a fly (at a particular location, with such and such a velocity, etc.),then those internal outcomes can be used to initiate and control tongue flickinginteractions that can yield the eating of the fly. There is no necessity for anyrepresentational content about flies here, only a functional or control phenomena.However, there is representational content in the indication in the frog that it is in atongue flicking and eating situation. That could be in error, and the frog could discover itto be in error by engaging in the requisite interactions and finding that they fail � ifsomeone had tossed a small pebble in front of the frog, for example. That errorinformation, in turn, could, if the frog were so equipped, initiate complex learningprocesses that might succeed in learning to differentiate more finely, so that pebbles nolonger get differentiated as tongue flicking and eating situations.Note that the representational content here is a predication of the environment ofparticular interactive potentialities � tongue flicking and eating in this case. The contentis not about flies, though its appropriate activation is evolutionarily dependent theunderlying differentiations picking out flies and similar insects often enough in fact. Thatis, the correspondences must be there with flies (etc.) in order for the indications ofinteractive potentialities to be true, but it is not what is corresponded with that isrepresented.Standard approaches, of course, take the internal states that might in factdifferentiate flies as constituting representations of flies. In the interactive model, incontrast, it is fundamentally action and interaction potentialities that are represented.Because they are represented by virtue of being functionally indicated, we have here theinterface of emergence of representation from functional organization. This grounding ininteractive potentialities, of course, raises questions about the nature of representationalcontent that is of objects, such as object representation in humans. Such content is notpresent in simple systems, such as paramecia, or planaria, and so on, but is present (invarying degrees and forms) in complex animals such as apes and humans. The nature ofsuch representational content is addressed later, in level 7.Level 5. The interactive properties being predicated of an environment in level 4indications are not encoded in any explicit representational form. Instead, they arethemselves implicitly defined by the procedure being indicated: the predicated propertiesare the properties that would allow that procedure to reach its proper completion, its finalstates. In level 3, we have implicit definitions of environmental categories, and in level

145, implicit definitions of environmental interactive properties. In level 4, we havefunctional predications between these two kinds of implicit definitions.Level 3 and level 5 implicit definitions are similar; the difference is primarily amatter of functional role relative to the rest of the system. In both cases, a class ofenvironments is implicitly defined � those environments that would yield particular finalstates, or one of a class of final states, if interacted with under the control of a particularsystem. The final states in a differentiator, however, are themselves functionallydifferentiated: each final state is differentiated from the alternative final states in itspotential functional consequences for further system activity. The indicated final statesfor an indicated procedure, in contrast, are functionally collected: the indication is thatsome one � some unspecified one � of the indicated set of final states will be attained.The difference, then, is in terms of how a procedure is functionally used by theoverall system, and a single procedure could in principle function as a differentiator atone time and as an indicated potentiality of interaction at another time. If the final statesdifferentiate subsequent system activity, then the procedure is being used as adifferentiator, while if the final states are each equivalently terminations of the activity ofthe procedure and, possibly, achievements of the current goal, then the procedure is beingused for an implicit predication. It is even possible that a single procedure could beindicated, together with a set of possible final states � thus functioning in a predication� and then the particular final state that that same procedure actually arrived at mightdifferentiate further activity, thus functioning as a differentiator. As a predication, aprocedure is indicated as a potentiality � the final states are indicated as possible statesto attain if the procedure is executed. As a differentiator, a procedure must be or havebeen executed in actuality � the final states will differentiate only if actually arrived at.In these ontologies, all representationality is constituted either in terms of oneform or another of implicit definition, or in terms of the functional relationships amongsystem organizations that involve such implicit definitions. This is quite different fromstandard approaches, in which, for example, sensory differentiations are construeddirectly as epistemic encodings for the system � sensory encoding (e.g., Carlson, 1986).The presumed epistemic relationships in these encoding ascriptions are explicit, notimplicit: the system is supposed to know what is represented by both the environmentaldifferentiations and the interactive predications.Nevertheless, in observing such a system, we, again, will make canonicalascriptions of beliefs and desires. To use the frog example � on the basis of a visualdifferentiation of its environment, the frog predicates the availability of a tongue flicking-and-eating opportunity (implicitly defined by their respective procedures). This will tendto be described � at least initially � as seeing a fly (or worm) and believing that it couldbe eaten with a tongue flick. In the case of a frog, however, as soon as we have madesuch ascriptions, they strain our intuitions, and we would like some other way to accountfor what is going on.Both the initial intuitive acceptability and the intuitive strain are results ofconflating various levels of representationality. In particular, the �seeing of a fly orworm� is in fact, I suggest, the presupposed conditions for the proper functioning of thetongue flicking procedure � level 2! The predication of appropriate tongue flickingenvironmental properties is an instance of level 5. And the control over suchpredications, and, thus, over such tongue flicking activities, that provides some likelihoodthat those level 2 presupposed conditions actually hold is on the basis of the level 3 visualdifferentiations that yield those level 5 predications.

15So, on the one hand, there is lots of representationality going on here, but, on theother hand, only the predication of the tongue flicking interactive properties is strictlyinternal to the frog-system itself, in the sense that the frog could possibility discover anerror in such a predication. All others are matters of presupposition and implicitness �not available to the frog per se, but, perhaps, important for other explanatory purposes ofan observer of the frog. The presupposed conditions of �fly or worm�, for example, playa very important role in the evolutionary explanations of the overall frog-system(Millikan, 1984).Note that the sense in which the level 2 functional presuppositions are theconditions under which the level 5 interactive predications will actually hold is a generalrelationship among these levels. So long as such functional predications do ontologicallyoccur in some system, there will be such presupposed conditions of appropriateness ofthose indications-predications, and those presupposed environmental properties may wellgo far beyond any ontologically explicit representationality in the system.A baby�s crying when hurt, for example, or perhaps a baby�s withdrawing whenupset, will involve presuppositions about the caregivers available to the infant �presuppositions of responsiveness in the first case, and, perhaps, non-responsiveness inthe second � that can far exceed the cognitive capacities of that infant. Furthermore,just as utterance presuppositions can themselves have presuppositions � e.g., �Francehas a king� presupposes that France is a country � so also can functional presuppositionsinvolve further presuppositions: the infant�s presupposition of unresponsiveness mayinvolve a deeper presupposition of the incapacity, the unworthiness, of the infant toevoke the necessary caring that would yield responsiveness. Such iteratedpresuppositions about the self can have massive manifestations in one�s life, yet mostoften are never explicitly recognized or understood � or changed. The point here is thatthey do not have to be explicitly (or unconsciously) cognized in order to be presupposed.Nevertheless, again we find that the standard ascriptions to such situations arecanonically in terms of belief and desire, and the concomitant ad hoc invention of anUnconscious in which to place those presumed explicit beliefs and desires. In the case ofthe infant, however, this involves attributing cognitive capacities to the infant�sUnconscious that are impossible for the infant until a number of months later (Bickhard& Christopher, 1994). This should have given some serious pause to these facileascriptions, but it doesn�t seem to have done so.In the case of adult human beings, such presuppositions and other implicitnessesare massively involved in virtually all interaction with the world, and can involvemassive distortions of the individual�s life in that world. That is, such presuppositionsmight be massively in error. This has implications both for understanding cognition andfor understanding psychopathology (Bickhard, 1989). With respect to cognition, most ofwhat an individual �believes� about the world will in fact be either presupposed orimplicit, not explicit.This is necessarily so since such implicitness can be unbounded, and in principlenot capturable by explicit beliefs. No model of cognition, then, that requires that allintentionality be ontologically explicit can account for such phenomena of unboundedbeliefs � such as in the frame problems (McCarthy & Hayes, 1969; Pylyshyn, 1987;Ford & Hayes, 1991; Bickhard & Terveen, 1995), or the proliferations of beliefascriptions such as �The floor will hold me up.� �The chair is not a bomb.� �Red truckswill hurt me if they run over me.� �Green trucks will hurt me if they run over me.� �Ifkangaroos didn�t have tails, they would probably fall over, unless they got real good with

16crutches.� and so on and so on. Presuppositions and implicitness can account forunbounded representationality.Similarly, if any design approach within artificial intelligence presupposes that allvalid potential intentional ascriptions must be captured in explicit representations, asmost current approaches do, those approaches will be intrinsically incapable ofaccounting for unboundednesses of representationality.My claim at this point is not that I have provided ontologies sufficient for allrepresentationality � in fact, I have several more levels to go yet in this paper � but,rather, that already we are in a position to see that assumptions of singular, almost alwaysexplicit, ontologies underlying all forms of valid ascriptions of representationality willmake adequate philosophy and psychology (e.g., personality theory) and cognitivescience and artificial intelligence impossible. Already, with just five levels ofrepresentationality, there are modal and counterfactual properties of these ontologies thatcannot be captured in standard approaches, yet instances of manifestations of suchontologies are arguably all construed in canonical form, in terms of beliefs and desires,thus seeming to support such assumptions of a singular common underlying ontology.Level 6. In level 6, I introduce processes of the apperceptive �filling-out� of ourworld, which yields (in level 7) a characterization of perception as a specialized version.This involves, among other things, a recognition of the potentially great complexity oforganization of the interactive predications about the environment.The indications or functional interactive predications that have been illustrated tothis point have all been singular and isolated. More commonly, however, we mightexpect the indications based on one final state to be multiple � F87 might indicate manypotential further procedures � and also contextually dependent on other such internalstates: F87 may indicate P232 under some conditions, but indicate P1033 if F378 is alsoset. Furthermore, such context dependencies of functional indication could be complexlyiterated and ramified throughout the indications that are functionally available for thesystem. F87 may indicate the potentiality of P232, for example, which might, in turn,indicate the potentiality of P92, should P232 be engaged in and successfully completed.With such potential complexity of ultimate functional predications relative to theinitial differentiating final states, problems of computational time and resources canbecome important. In particular, it may serve such a system to compute standard ordefault such indications, and to keep them updated, ongoingly � just in case they areneeded. If they are needed, then, for some goal directed interactions, they will be alreadyavailable and not require additional time and computational resources at that time.An organization of such default indications constitutes the system�s informationconcerning which sorts of interactions are available, and which might become available ifcertain other interactions were engaged in first. Elsewhere I have called such anorganization a situation image (Bickhard, 1980b; Bickhard & Richie, 1983; Bickhard &Terveen, 1995). Creating and maintaining the information in a situation image is thefunctional reason for engaging in differentiating interactions, but the indications in asituation image can depend complexly not only on current and currently contextualdifferentiating states, but on other indications already present in the situation image aswell. That is, the ongoing updating of the situation image can not only manifestcontemporary context dependency, but also temporal context dependency.The information in the situation image is updated on the basis of interactionoutcomes, but goes far beyond any particularities of those outcomes. In effect, the filling

17out of the situation image is a filling out of information about the interactive properties ofthe environments, both presently available such properties, and ones available contingenton intermediate interactions. Thus, a visual scan of a glass of water indicates thepotentialities for further such scans, for taking a drink, and for pouring out the water andfilling the glass with diet Coke. It also indicates the potentialities for turning the glassaround and scanning the printing on the back of the glass, or the colors in the glass.Similarly, a scan of a book indicates possibilities of further scans, turning the book overand ensuing scanning possibilities, opening the book and reading, shelving the book,throwing the book, and so on. The process of ongoingly updating the situation imageconcerning such interactive potentialities is called apperception (Bickhard, 1980b).The processes that constitute apperception � the processes of constructing newindications and changing old ones � are engaged in by various apperceptive procedures.Apperceptive procedures constitute the system�s knowledge of what sorts of relationshipshold among various possibilities of interactions and interaction outcomes. In effect, theyconstitute the system�s knowledge of the organization of what�s possible in the world,while the situation image per se constitutes the system�s knowledge of the currentsituation within that organization of possibilities (Bickhard, 1980b).Default situation image will always be apperceptively constructed in such asystem, but the possible apperceptive constructions will always exceed any actualsituation image constructions � apperceptive indications could, in principle, always beextended further. For example, it will always be possible to trace still further suchpossible trajectories as emptying the water from the glass, filling the glass with Coke,offering the glass of Coke to someone, winning their undying romantic interest thereby,and so on. The constructed situation image is called the explicit situation image, whilethe potential constructions constitute the implicit situation image (Bickhard, 1980b).Apperceptive processes are constructive processes, constructive of the situationimage. Like learning constructions of basic system organization, there is no aprioriguarantee for such constructions � they do not have foreknowledge, and are notinfallible. Apperception, then, is a variation and selection constructive process.The implicit situation image is implicit and unbounded. It is a version of theimplicit manner in which potential interactive properties of an environment are implicitlydefined by the procedures that would engage in those interactions. In this case, potentialfurther apperceptive constructions are implicitly defined by the procedures that wouldengage in those constructions.This unboundedness is still another instance in which assumptions of explicitrepresentational ontologies are necessarily inadequate. Yet, once again, instances of bothexplicit and implicit situation image information are construed in canonical belief-desireterms. I believe, for example, that there is a back to this computer, even though I cannotsee it right now; that there is a back to that book, and that that back and also the front ofthat book will remain even if I look away or put it in another room; that if I walk out thefront door, I can see a tree; and so on. Furthermore, I believe that if I pick up this book,nothing else about the room will change; that if I move this book, its color will remain thesame; and so on � classic frame problems (Bickhard & Terveen, 1995).Note that there is, at least at a first level of analysis, a difference betweenpresupposed representationality and situation image implicit representationality. Bothcan be unbounded, and, thus, can be not capturable by explicit representationalontologies; but the situation image relationships, explicit or implicit, all involvepresuppositions concerning the conditions under which those relationships would hold.

18Thus, the scan of the glass of water indicates the potentiality for taking a drink,presupposing that the glass isn�t glued to the table, that it isn�t attached to a pressureswitch and a bomb, that it�s really water and not acid, and so on. Part of the confusionthat is invited here is due to the fact that we can construct explicit situation imagerepresentations of some (finite number) of our own presuppositions.Level 6 representationality yields apperceptions, and the �beliefs� that underlieand are created by that process. It yields the complexities of context dependency andtemporal state dependency, and, again, the �beliefs� that are involved and are created bythose dependencies. Apperceptive potentialities are themselves implicit and involve theirown implicit presuppositions, and both are intrinsically unbounded. Neither can beencompassed within an explicit finite representational ontology.Level 7. Levels 1 through 6 capture more and more of our familiar andparadigmatic senses of representationality, but not yet enough to capture the core of muchof that paradigmatic representationality. In particular, our familiar world is furnishedwith objects in space and time and connected by causal relations, and so on. Although Ihave alluded to objects in examples, the representational ontologies mentioned to thispoint do not account for object representation and related representation. Level 7introduces representations of invariances such as objects; these are the representations ofour more familiar world of the adult.The implicit situation image � and, thus, the explicit situation image � would bevery limited if not for the indications of, and correct presuppositions of, a great deal ofcontinuity and unchangingness in the patterns of potential interactions. If I could notpresuppose that the next room, my office, the ground outside, the streets, and on and onwould remain relatively as I last directly (generally visually, in walking or driving)interacted with them, as well as similar points concerning the social relationships andinstitutions within which and upon which I live much of my life, then my apperceptiveworld would stop essentially at the indications derivable from immediately pastinteraction final states. There may in fact be living systems with similarly limitedsituation images � perhaps paramecia, maybe even frogs � but the world involvessufficient redundancy and constancy that we are not restricted in that way.In particular, insofar as the typically encountered environments permit, it willgenerally be advantageous to a system to discover types of organizations of interactivepotentialities that tend to remain constant, to remain unchanged or invariant as patternswith respect to most interactions that the system could engage in. Thus, the basicpotentialities of a book remain invariant under all kinds of manipulations, movements,transportations, loanings (usually), storage, and so on. A given manipulation may changethe immediately available visual scan potentialities of the book, but the original scan isstill a possibility, is still available in the overall pattern of potentialities, contingent on theproper reverse manipulation that would bring the book back into the same aspect.The invariances are not with respect to all possible interactions, however. If Iburn the book, then most of its original interactive potentialities are lost. The suggestionhere is that physical objects are � epistemologically, apperceptively (notmetaphysically) � invariances of patterns of potential interactions under certain classesof physical interactions. Other kinds of entities will be constituted as invariances withrespect to other classes of interactions, and differing kinds of entities will apperceptivelymanifest differing kinds of further interactive potentialities. This is a basically Piagetianaccount of the representation of objects (Piaget, 1954), and I would similarly suggest aroughly Piagetian account of other constituents of our familiar world, such as causalrelationships, and so on.

19The adaptive advantage of discovering and representing such invariances, again,is that it permits the situation image to expand without explicit bound beyond theimmediately available interactive environment. Thus, it permits consideration ofpossibilities and contingencies that can be far removed from immediate here and now.Note that a system that comes to be able to represent such invariances in itssituation image is in effect representing temporal continuities and temporal trajectories ofthe environment � which, in turn, is constituting a system memory and tracking of thosepotentially distant potentialities. Similarly, insofar as a system came to be able toreconstruct some process of its own temporal apperceptive trajectory, it would bereconstructing its own temporal flow of activity and experience � it would beremembering its own temporal flow of activity and experience. One reason why thatmight offer adaptive advantage is that, because the implicit situation image cannot beexhausted by the explicit situation image, there will always be further apperceptiveconstructions that might be useful, or might come to be useful later, but haven�t beenexplicitly constructed. If the system can reconstruct its past apperceptive processes, thenit can carry those apperceptions out farther and in differing directions than was the casein the original flow of activity and experience.Note that any such temporal or �event� memory will be dependent on theapperceptive procedures that participate in carrying them out � this yields a model ofmemory as constructive, not just a matter of retrieval. Consequently, if thoseapperceptive procedures have changed, then the reconstructed �memory� might similarlychange (Piaget & Inhelder, 1973).Note further that, to this point, no mention has been made of perception. In fact,there is no input phase of perception in this ontology (Gibson, 1966, 1967, 1979;Bickhard & Richie, 1983). All interactions change some things in the environment, anddepend upon other properties in the environment. Some interactions, such as visualscans, are engaged in primarily for the differentiations they provide, and, thus, for theassistance they provide to the apperceptive process. When we find anatomically andphysiologically specialized subsystems for engaging in such apperceptively specializedinteractions, those interactions constitute our paradigmatic perceptual processes. But, inthis ontology at least, such perceptions do not provide inputs to the rest of the system,but, rather, provide internal final state outcomes that differentiate and implicitly define,and upon which context dependent apperceptions can proceed.Still further, some interactions that are not restricted to specialized subsystems,such as performing the brown ring test for iron in qualitative chemical analysis, orlistening to the results of various sorts of chest thumps through a stethoscope, or lightlyrubbing a finger to check for texture, or tapping a cane in various manners and patterns todetermine what lies ahead, or, for that matter, moving one�s head and body to obtainclarifying sweeps of view and parallax information, all nevertheless perform the samefunction of differentiating the environment. They are all functionally apperceptive, and,thus, perceptual, except that they surpass or transcend the specifically specializedperceptual subsystems (Bickhard & Richie, 1983). On the other hand, even thespecialized systems can be used for the changes their interactions induce, as well as fortheir detections, such as an eye movement used as a signal. Perception, then, is not aninput phase to the system, but an aspect of the environmental modulation of systemactivity.Level 6, then, gives us situation images and apperception. Level 7 providesobjects and other invariances that permit extensions of apperceptions beyond theimmediate. It yields the emergence of two forms of memory: of environmental

20continuities and of system flows of activity. It captures standard paradigms ofperception, but in distinctly non-standard ways.Clearly we ascribe intentionality and representationality to manifestations of thesesorts. These ontologies and their manifestations, in fact, are now beginning to capture thecentral forms of canonical representationality. Yet the ontologies that I have outlined thatyield these manifestations are still quite different from the canonically reified ontologiesof processing on encoded atoms of representation. This model, at least so far, looksexceedingly unlike anything Fodor would like � yet its instances will arguably manifestmany of the forms of intentionality that Fodor wants.I would in fact claim that these are at least much nearer the correct ontologies forthe phenomena mentioned than are standard representational ontologies. But the primarypoint here is not so much that these are the correct ontologies as it is that we continue toencounter non-standard representational ontologies that seem to manifest classical,paradigm representational phenomena. Any system with such ontologies that we actuallyencountered would be described in the same canonical manner as all otherrepresentational ascriptions. Note again, however, that the unbounded capacities of theimplicitnesses and presuppositions of these ontologies will unboundedly exceed thecapacities of standard, finite, explicit, encoding ontologies. In general, the claim thatrepresentationality does not involve a singular common form of underlying ontology, or,at least, does not necessarily involve such an underlying ontological commonality, isalready well made.Level 8. Level 8 introduces the interrelated notions of off-line processing andlearning. The system organization described so far is always and intrinsically in process,as is life: if life stops, it ceases. Apperception and interaction change continuously.There is no ability, in the system ontologies discussed to this point, for off-lineprocessing. In particular, if any off-line processing were �attempted�, the organizationsthat might be processed � the situation image � will be changing out from under it, and,further, any consequences of that off-line processing might destroy useful information inthe situation image.In level 8, I am aiming at precisely such an off-line processing ability, but there isa preliminary question to address first: why would off-line processing be useful to suchan interactive system? What adaptive value would it have? After this question isanswered � with a notion of why off-line processing might ever evolve � I can considerwhat sort of system ontology is required for off-line processing.If a living system were optimally designed for successful interactions in itsexpectable environments, were optimally adapted to its niche, it would have little needfor off-line processing. In fact, since off-line processing requires resources for steppingoff-line in some way � both time and computational resources � optimal adaptednessprecludes off-line processing. It only gets in the way and wastes resources.If a system were optimally designed for successful interactions in environmentscharacterized by change and novelty, however, the design criteria are different. That is,optimal design for adaptedness is not the same as optimal design for adaptiveness � theability to learn. In fact, I argue that optimal design for adaptiveness, for learning, doesinvolve off-line processing.Level 8, then, involves systems that learn. I am not going to focus here on thelearning per se, however, but rather on some design principles that affect the interactiveand representational organization of a system that is capable of learning. In other words,

21learning is not only an addition to a simple interactive system, it also changes the natureof optimal organization within that interactive system.Note first that, in the ontologies discussed, representationality is emergent insystem organization, emergent in the ability of various system organizations to take intoaccount differentiations of the environments in further interactions with thoseenvironments. That is, representation is not constituted in encoded correspondences withitems and properties in the environment; representation is not constituted in any kind ofstructural relationships with the environment, but, rather, in functional interactiverelationships. With respect to learning, a major consequence is that there is no temptationto hold a version of a passive imprinting into the system as a model of learning.Synchronic transduction and diachronic induction are simply passive imprinting orscratchings into a wax slate, that the system is then somehow supposed to understand.The homunculus required to interpret any such transductions or inductions, of course,simply recapitulates the basic problem of representationality that was supposedly beingaddressed.For the interactive system ontologies, however, there is no temptation to supposethat the environment could possibly imprint or scratch-over-time successful systemorganizations. New system organizations can only occur via internal systemconstructions. Learning in these ontologies, then, must be some form of constructivism.Furthermore, although there will in general be many cases in which such internalconstruction can make use of prior knowledge concerning what sorts of things mightwork, ultimately it is not possible to know ahead of time what constructions will work.Prescience or foreknowledge eliminates the need for learning, and learning constructionsthat are prescient concerning what constructions to engage in is not learning at all � theknowledge is already available. The system cannot advance beyond its currentknowledge with knowledge of where to go. The constructions in these ontologies, then,must be trials that might or might not work. Learning must ultimately be some form ofvariation and selection constructivism, some form of evolutionary epistemology(Campbell, 1974, 1990; Hahlweg & Hooker, 1989; Hooker, 1995; Popper, 1965, 1972;Radnitzky & Bartley, 1987).It is the construction process that forces new design principles for optimality inlearning systems. In particular, in a system that is optimal for interaction, with nolearning, there might conceivably be two or more copies of some strategy of interactionlocated in differing parts of the overall system. A programming esthetic would want topull that strategic organization out into a subroutine, or some equivalent � a single copyof the strategy that could in principle be used from multiple locations in the rest of thesystem. For interaction per se, however, that simply incurs additional resource costs �optimality for adaptedness involves in-line copies of everything, even if that involvessome degree of duplication (it is conceivable that some interactive organization would beused from so many different other locations in the system that it would be optimal to liftit into a subroutine single copy, in spite of the computational costs, in order to save thememory, or nervous system, resources � I would not expect that to be common).In a learning system, however, if all learning constructions were of directly in-linesystem organizations, then new copies of particular organizations would have to bereconstructed from scratch at each point in which they were needed. �Everything in-line�precludes versatile re-use of previous constructions in new constructive attempts.�Everything in-line� makes learning extremely inefficient: it is not optimal for a learningsystem, however much it may be optimal for a non-learning interactive system.

22�Everything in-line� requires that the wheel be reinvented every single time it is neededin a new part of the system.Optimality for learning, thus for adaptiveness, requires that previous constructionsbe re-usable for new construction attempts; it requires that the resources available forlearning be themselves learnable � constructable and re-usable � a recursiveness ofconstruction. It requires that there be at least this minimal form of learning to learn (Idub this a minimal form because, although it involves constructing resources that areusable for new constructions, it does not involve improvements in the constructiveprocesses themselves: see Bickhard, 1992b).But, in order to make such use of already constructed organizations in newconstructions requires that those organizations somehow be available off-line, at leastinitially, in some sort of off-line resource cache or domain that can be made use of insuch new construction attempts. Optimal learning, then, requires off-line systemorganizations � general subroutines or objects or agents of some sort. Off-linepossibilities then, improve learning � learning as itself a quasi-evolutionary variationand selection constructive process � and that is why they might be expected to evolve.Note that subroutines, objects, and so on in programming have not been developed fortheir consequences for the programs, but, rather, for their improvements in theprogramming; the history of programming and of programming languages hasrecapitulated the selection pressures and their consequences that I have been discussinghere.The next question, then, is how such off-line processing could work within thesystem ontologies presented. To try out an off-line subroutine resource in interactionrequires that that off-line system organization be somehow given access to the relevantinformation in the situation image. A programming perspective would suggest eithercopying that information for the subroutine, or providing pointers to that information.Neither strategy will work in the general case.Providing pointers to the potentially relevant parts of the situation image for useby an off-line system might work if the overall system were either not parallel or was notcontinuously in interaction. But, for living systems at least, and for any systems that areparallel and/or are continuously in interaction, pointers fail because there is no aprioriguarantee that the situation image will stand still while the off-line system does itsprocessing. The situation image is the primary resource for ongoing interaction for thesystem, and, unless that interacting can somehow be halted, the situation image will becontinuously changing in updates from and for those interactions. Pointers, then, won�tdo.Copying information, copying organizations of indicators, from the situationimage and providing such a copy to the off-line system might seem to solve this problem.In a sense, it does, but it encounters its own problem � a problem that would hold evenfor non-parallel systems whose interacting could be halted. This problem is that there isno apriori guarantee that the information will be in the form that the off-line systemneeds. By its nature, the off-line system and the domain of interaction in which that off-line system (or some construction of off-line resources) is being tried out were notdesigned for each other. In fact, in the local opportunism typical of evolutionary andquasi-evolutionary constructive processes, it can be expected in general that differingparts of the overall system will be potentially quite ill-designed for each other. Copies,then, won�t work because they can in general be expected to be of the wrong form for theoff-line resource to use.

23What is required in the general case, then, in order for off-line resources to begenerally useful for further constructions, is some set of procedures that can constructtranslations of situation image organizations into forms useful for the off-line resources.That is, optimality in a learning system involves off-line construction resources, which, inturn, involves procedures for constructing, not copies, but more general stand-ins forsituation image organizations. These stand-ins could be provided to the off-lineresources for computation, and the results of those computations then translated back intowhatever form was needed within the situation image. Optimality in learning, then,requires off-line resources, which require informational stand-in constructors. Note thatstand-in construction is something that the overall system can potentially get better andbetter at � in learning and development � by constructing more powerful and morespecialized stand-in constructors. If the off-line constructions prove useful and arerecurrent, it might prove additionally useful to move those off-line constructions intointegrated on-line copies (Bickhard & Richie, 1983).Note also that many such translations will always be logically possible, and thatthere is no apriori information about which of those possible translations will be useful(though there may be previously learned heuristic such information). Stand-inconstruction, then, will also be a variation and selection process.My current focus, however, is on the stand-in-constructors per se and on whatthey construct. Informational stand-in constructors, I claim, are internal, functionalencoding constructors. They are translators of the information in the situation image intodifferent forms appropriate to the off-line resources. These are encodings in genericallythe same sense in which paradigmatic encodings are, such as Morse code. In Morsecode, �. . .� stands-in for �S�; it changes the form of �S� in useful ways, since �. . .�can be sent over telegraph wires, while �S� cannot. Similarly, bit codes do the same incomputers, permitting many things that would be impossible otherwise.As mentioned earlier, I argue that such stand-in encodings are the only form ofepistemic encodings possible, and that assuming encodings can be anything other thanstand-ins is a source of enormous confusion (Bickhard, 1992a, 1993; Bickhard &Terveen, 1995). In fact, canonical belief-desire psychology, Fodor, artificial intelligence,connectionism, cognitive science, psychology, and so on, all do presuppose thatencodings can be foundational providers of representational information, not just stand-ins for representational content that is already available � and they are afflicted withconsequent confusions (Bickhard, 1992a, 1993; Bickhard & Terveen, 1995; Winograd &Flores, 1986; e.g., Laird, Newell, Rosenbloom, 1987; Newell, 1980a, 1980b; McClelland& Rumelhart, 1986; Rumelhart & McClelland, 1986; Rumelhart, 1989; Waltz &Feldman, 1988). Note that the representational content for the encodings defined here isprovided by the situation image, which, in turn, has representational content by virtue ofthe functional predications of implicitly defined interactive properties that make up thesituation image.With the recognition that adaptedness for learning will tend to select forencodings, whether in biological evolution or artifactual construction, we encounter anontology that looks startlingly familiar. It looks, at least superficially, like classicalcomputer models of processing of encoded representation. Translators constructrepresentational stand-ins, encodings, which are then processed into new encodings �inference: whether demonstrative, nondemonstrative, monotonic, non-monotonic, and soon � which are then translated back into the situation image for trial in interaction.Level 8, then, yields, or seems to yield, familiar encodings and the processing of

24encodings. Only the initial and final steps of translation seem odd from the standardperspective.Those initial and final steps, however, are of critical importance. Level 8ontologies manifest learning, and manifest the processing of encoded information, but therequirement that those encodings be stand-ins for situation image representations entailsthat those encodings will not be standard, and will not have standard properties. Standardinformation processing encodings, in fact, are presumed to carry representational contentof what they represent, and they are generally presumed to represent by virtue of whatthey correspond to (Fodor, 1987, 1990; Hanson, 1990; Newell, 1980a, 1980b; Bickhard,1992a, 1993; Bickhard & Terveen, 1995). The encodings of level 8 system ontologiesare derivative from situation image organizations, however, and will inherit whateverproperties of representationality that are inherent in that interactive representational base.This involves, among other things, implicit definition of environmental categories,implicit definition of interactive properties, functional rather than syntactic predication ofthose interactive properties, and so on.Furthermore, the internal processes of translating from the situation image tosome organization of internal stand-ins, and the converse of translating back into thesituation image, are strictly functional processes; external encodings, in contrast, involveintentional interpretations, not just functional translations � we must understand theMorse code stand-in relationships in order to make use of �. . .� for �S�. If the internaltranslations required the same sort of intentional interpretation as do external encodings,then their existence and use would require the same explanation of intentionality that wasbeing attempted in the first place � the first step would be taken on an infinite regress.This regress that is involved in presupposing that external representationality could serveas a model for internal representationality � the necessity for internal interpretivehomunculi � is still another aspect of the flawed assumptions in standard approaches(Bickhard, 1993; Bickhard & Terveen, 1995).The difference that I wish to focus on here is that interactive representation isfundamentally and necessarily a matter of interactive differentiation and implicitdefinition, rather than of an inputting of transduced particulars into an encodingprocessing system. Interactive differentiation and implicit definition are always ofinteractive categories, never directly of particularities. This holds even for objects andindividuals: the claim or assumption that there is only one member of some interactivecategory, that the extension of an interactive category is a unit set (a set with only oneelement in it), is in addition to and beyond the definition of that category per se. Becausesome forms of reference involve such presuppositions of differentiation to individualuniqueness (not all forms of reference do: �The whale is a mammal.�), this point willaffect reference as well.The basic task of learning in this ontology is not to produce generalization, as it iswith standard empiricist encodingisms, but the converse � differentiation. Thedominant task is to construct ever finer and more finely relevant differentiations ofenvironments, with differentiation sufficient to yield unit set extensions, differentiationsof individual objects or entities or properties, constituting (sometimes) important criteriato hold and accomplishments to constructively aim for. Implicitly defined categories arealready, and intrinsically, general (though, of course, they may not be the rightgeneralities for some task, in which case the construction of more or different generaldifferentiations can also be attempted � but even this will not be generalization, fromparticulars, as understood within empiricism; Loux, 1970; Bickhard & Terveen, 1995).It is not encodings of individual objects that are input to the interactive system, they are

25not given as the ground of representationality � in fact, nothing that is epistemic is inputto an interactive system at all. Differentiations sufficient to such unit-set-ed-ness must beattempted, not given or presupposed, and system organizations sufficient to suchdifferentiations must be constructed.Furthermore, any such differentiation to unit set-ed-ness, of single individuals, isa defeasible accomplishment (a critical principle; Bickhard, 1991a, 1992a, forthcoming,in preparation-a). It is always possible to discover that we have been mistaken, that morethan one instance of a differentiation either does or can exist. Differentiation ofindividuals is not guaranteed, precisely because differentiation is the fundamentalepistemic function, not inputs of encodings that are already of particularities.Individuals, and their differentiating specification, must be constructed.These representational ontologies are deeply non-empiricist in theirrepresentationality. They differ from an empiricist approach in two fundamental ways.First, representationality is constructed in this ontology; constructed as properties ofinteractive system organization. In particular, it is emergently constructed as functionalorganization, and does not require constructive raw materials that are themselves alreadyrepresentational. Interactive representation does not have to come from anywhere, andcertainly not in through the senses or up from the genes; with respect torepresentationality per se, interactive representation is constructed de novo. Interactiverepresentationality does not require representation in order to construct representation(Bickhard, 1991b, 1992a, 1993; Campbell & Bickhard, 1986).A second point of difference with empiricist epistemologies concerns the lack ofparticularities. Individuals having to be defeasibly constructed and differentiated, ratherthan being taken as the epistemic ground, is fundamentally at odds with the empiricisttradition, in which standard artificial intelligence and cognitive science, as well as relateddomains in philosophy and biology, are deeply embedded.If these interactive ontologies are necessary, relative to standard encodingcomputational models, then those standard computational models involve many basicerrors in assumptions and presuppositions. I argue that interactive ontologies arenecessary, and that standard architectural assumptions about representational ontologiesare at root logically incoherent (Bickhard, 1992a, 1993; Bickhard & Terveen, 1995). Myfocus here, however, is simply that these are plausible architectures, plausible systemontologies, that would manifest various forms, even seemingly canonical forms, ofrepresentationality. If these non-standard ontologies are in this sense at least sufficient torepresentationality, setting aside issues of whether they are necessary, then standardapproaches are at a minimum incomplete, and in error insofar as they claim or assumethat such standard encoding architectures are the only correct approach, or are �all we�vegot.� (Fodor, 1975, 1981, 1987, 1990). I argue, as noted, that they are not justincomplete, but that they are incoherent (Bickhard, 1992a, 1993; Bickhard & Terveen,1995). Still further, these interactive ontologies have already been shown to be morepowerful than explicit encoding ontologies, for example, by virtue of their implicitnessand consequent potential unboundedness. There are many additional arguments for theirsuperior power (Bickhard & Terveen, 1995).In level 8, then, we find the emergence of something that superficially looks likestandard computational models operating on encoded symbols. This will be manifestedin such representational and developmental phenomena as the availability ofprogressively broader and more powerful general strategies, the ability to engage in off-line processing preparatory to further interaction, and so on. But a closer look shows that

26what is being processed in level 8 ontologies is representationally fundamentally differentthan is assumed in standard computational approaches.Level 9. In level 9, I wish to discuss language, though mostly with respect tosome negative points. The negativity derives from the fact that standard conceptions ofthe ontology of language cannot be constructed within the framework that has beendeveloped, though a system ontology whose manifestations would look exactly likelanguage can be.In standard views, utterances are construed as encodings of mental contents whichare transmitted into another mind where they are decoded into the receiver�s mentalcontents. The only sort of encodings that the ontology presented can support, however, isstand-in encodings, and stand-in encodings can only stand-in for other representationsthat the system already knows about, already has functional access to. In terms of stand-in encodings, an audience to an utterance, in order to decode that utterance, would haveto already know what the words in that utterance stood-in for in the speaker�s mind.Stand-ins can�t provide new representation, they can only recode representation that isalready present.It might seem that such stand-in encoding relationships from utterances to mentalcontents could be learned as part of language learning, but, skipping over the arguments,it turns out that any such learning requires some foundation upon which it could build,and such a foundation simply recreates the problem: in order to learn what the stand-in isa stand-in for, the child would have to already know what is being stood-in for (Bickhard,1980b, 1987). Stand-ins require representation in order to get representation; they are notcreators of representation.In sum, in the ontology that I have been presenting, language cannot be encodingsof mental contents because no ontology for such new-representation-creating encodingshas been presented. Again, other arguments yield the conclusion that no suchrepresentation-creating encodings are possible (Bickhard, 1992a, 1993).A second reason why the interactive ontology cannot support the standard modelof language is that the only sort of relationship between a system and its environment thatthis ontology can support is that of some form of interaction. In standard views, mostactivity of an animal in its environment, including that of human beings, is interactive,but language is taken to be a rather mysterious exception. Instead of an interaction, anutterance is presumed to be a transmission � of an encoding. This notion of atransmission is not renderable in interactive terms. To mention just one problem,transmissions have contents, representational contents, and interactions do not.Utterances in the interactive ontology must be some sort of interaction � butwhat sort? How are language interactions different from other kinds of interactions?Skipping the arguments again, I propose that language interactions are distinguished bythe objects of the interactions, by what they interact with. Specifically, I propose thatutterances interact with social realities � they operate on and transform social realities ofconversational flow, of discourse flow, of conventions, of institutions and activitieswithin the framework of institutions, of relationships, and so on. Social realities areunderstood to be constituted as certain forms of commonality of understanding of thesituation by the participants in that situation. Utterances, then, operate on and transform� just like most other interactions � but what they operate on and transform are socialrealities constituted as commonalities of understanding: situation conventions is the termI use for such commonalities (Bickhard, 1980b, 1987, 1992a).

27Systems can constitute parts of each others environments, and, when they do, thesituation image of that environment takes on a special problematic character for each ofthe systems involved. In particular, characterizing the situation involves characterizingthe other systems, but the interactive potentialities of the other systems depend in turn ontheir characterizations of the situation too, including their characterizations of the firstsystem (and each other). Since each system does have an interest in constructing asituation image of the situation, including of the other systems, but no system canaccomplish that without arriving at some commonalities among the systems� situationimages � commonalities that can constitute a halt to the regress of characterizing theother system�s characterization of my characterization of his characterization of ... and soon. This common interest in arriving at a necessarily joint or common characterization� a mutually consistent characterization � constitutes a coordination problem(Schelling, 1963), and a solution constitutes a convention (Lewis, 1969), a situationconvention (Bickhard, 1980b).This much follows simply from the nature of such systems as being epistemicagents. Characterizing the situation in the situation image, then, requires, among otherthings, characterization of the representationalities of the other systems, but those willinvolve characterization of the representationality of the first system. This yieldsreflexivity and the coordination problem. Solutions will generally be in all system�sinterests, though how to arrive at such solutions is not always easy.Such solutions, situation conventions, furthermore, will not remain static.Systems will be themselves be changing and will have interests, potentially, in creatingnew situation conventions among these or new such agents. The interactions of systemscan be apperceived by other systems, and this provides a potential manner in whichsystems can interact with, transform, operate on those situation conventions. Language,in this view, is itself an institutionalized convention for the manipulation andtransformation of situation conventions; utterances are interactions with the environmentthat constitute interactions with situation conventions by virtue of the joint apperceptionsof those utterances (Bickhard, 1980b).Utterances of this ontology will change the representationality of each of itsaudience�s and its utterer�s situation images. Utterances will alter the representations inthe situation images, eliminating some and creating others. In this way, utterances canhave the result of creating new representation in an audience � a similar result as for thestandard transmission models, but accomplished in a very different way. There arestrong intrinsic constraints on how this could be accomplished that are manifested assyntactic regularities among utterances � again, a similar result as for standard languagemodels, but derived in a very different way: a much more natural way (Bickhard &Campbell, 1992; Bickhard, 1995a).Furthermore, utterances will accomplish these alterations in an intrinsicallycontext dependent manner: an utterance will be apperceived within the context of alreadyexisting situation images, within the context of already existing situation conventions,and, thus, those contexts will be determinative along with the utterance itself of theapperceptive consequences. Utterances are operators on situation conventions, and theresults of operators depend as much on what is being operated upon as on the operatorper se. Such context sensitivity is in fact ubiquitous in language, but accounting for it isad hoc within standard utterances-as-encodings models (Kaplan, 1979a, 1979b, 1989;Richard, 1983; Fodor, 1987, 1990; Loewer & Rey, 1991). Context sensitivity is intrinsicin the interactive ontology (Bickhard, 1980b; Bickhard & Campbell, 1992).

28Utterances cannot be simply input as operators: this conception assumes thatutterances are to be decoded. Utterances must be apperceived, just like all otherinfluences from the environment, and apperception is intrinsically constructive andfallible. The understanding of utterances, then, is a variation and selection, trial anderror, constructive process. It is only in simple cases of language understanding that itmight appear otherwise: in circumstances of difficult language understanding � such aschildren�s language learning, interpreting historical texts, or in psychotherapy � thedifficulties and the fallibilism, the trial and error, become clear.Most importantly for my current purposes, if we were to observe systems thatcould and did interact with each other�s understandings of the joint situation in thismanner, then, so long as those interactions had a productive form, we would stronglytend to ascribe the intentionality of language to them. In the interactive view, utterancesare not themselves directly representational; instead, they operate on representations.But they do thus create new representations, and it is quite easy to mistake the contextsensitive transformations of representations into new representations as the transmissionof those new representations (Bickhard, 1980b).In level 9, then, an ontology with manifestations to which we would ascribelanguage emerges, and emerges naturally in terms of an intrinsic coordination problemcreated by the mutual considerations of epistemic agents. As is by now familiar, theontology is quite different than in standard views, and so are some of the more subtleproperties of the utterance manifestations, but the general phenomena of the interactionsof this ontology capture what language looks like and what language is used for (fordeeper explications, see Bickhard, 1980b, 1987, 1992a; Bickhard & Campbell, 1992;Campbell & Bickhard, 1992a).Level 10. Level 10 is concerned with conscious representationality and consciousgoals. Once again, I will sketch an ontology rather than develop it in any detail. Mypurpose here is to outline a general architecture rather than the details of that architecture.I will focus on consciousness in the sense of reflexive consciousness, not just in the senseof �not asleep�, or �not in coma�.Fundamentally, I propose that reflexive consciousness is reflexive awareness �awareness of processes and properties of awareness. Awareness, in turn, is ongoinginteraction with an environment by an ontology of perceptual and motor systems engagedwith and by the apperceptive processes of a situation image. That is, I propose thatawareness � experiencing � is the activity of the basic ontology already outlined in thefirst nine levels of representationality. The objects of reflexive awareness, consciousness,are the organizations of guises or presentations of the sort mentioned in the level 8discussion, and those organizations are the organizations of the activities that constitutefirst level awareness.Still more specifically, consciousness, in this view, is the interaction by a secondlevel interactive knowing system with the first level interactive knowing system that hasbeen sketched up to this point in the first nine levels of representationality. In the samesense in which an interactive system can manifest representationality with respect to itsenvironment, a second level knowing system taking the first level system organizationsand processes as its environment can manifest (constitute) representationality withrespect to that first level system � can manifest reflexive representationality.With such an architecture, the overall system can manifest many new properties.It can hold particular first level representations in interaction (rehearsal); it can make useof first level organization as an image of how the environment would react to various

29system activities, thus allowing planning ahead (Bickhard, 1978); it can differentiatebetween the interactive representationality evoked by the apperceptions of an utteranceand the situation image organizations that constitute that representationality � that is, itcan distinguish between an utterance and the utterance�s meaning � and so on. Whetheror not this architecture is accepted as constituting reflexive consciousness in its activities,it is clear that interesting and adaptive new possibilities emerge, and that we standardlytend to ascribe them to consciousness.Furthermore, this architecture yields a potentiality for ascending even higher up ahierarchy of knowledge about knowledge about knowledge, and so on. Each level ofinteractive knowing will instantiate properties that might be useful to represent, to know,and that can be interactively known from a next higher level. In addition, each higherlevel will instantiate properties of system and process that are more abstract than those ofthe levels below. The first level system can represent its environments, while higherlevels could represent, for example, the ordinality of iterations of a lower level procedure.In other words, higher knowing levels offer knowledge of progressively higherabstractions, such as mathematics (Campbell & Bickhard, 1986). (Note that these levelsof knowing extend in a dimension orthogonal to the levels of representationality, andinclude the first nine levels of representationality at the base of the knowing levels.)I argue that the first instance of ascent up these knowing levels, the possibility ofinteractive functioning at a second level of knowing or awareness, must emerge as anarchitecturally explicit second interactive level of system � an evolutionary emergence� but that higher levels can be ascended in a purely functional manner given the initialtwo levels (Bickhard, 1973, 1980a; Campbell & Bickhard, 1986).Since all learning and development in this ontology must ultimately rest onvariation and selection constructivism, there is no possibility for a system to develop insuch a manner that it skips some level of knowing. To skip a level would be to have aninteractive system with nothing to interact with at the level below it. Systemdevelopment, then � child development, for example � must ascend these levels, if atall, in strict sequence. These levels of knowing generate an immutable stage sequence ofpossible development (Campbell & Bickhard, 1986).Since the initial ascent to the second knowing level is architectural, it should beexpected that it would occur roughly at a given age, likely by virtue of neural maturationof the second level system, across most domains of representation. But ascent to furtherlevels will be purely functional; thus, neither constancy of age of transition to higherlevels across children nor across domains within a particular child should be expected onthe basis of this ontology. Both of these properties seem to be borne out in thedevelopmental data � the initial domain general age of transition (age 4) and the generallack of synchrony in further stage ascents (Bickhard, 1973, 1980a, 1992c; Campbell &Bickhard, 1986).This ontology, then, not only captures manifestations of consciousness, it alsoyields predictions concerning development that seem to be supported. It is the onlydevelopmental model that makes those particular predictions, and they were first derivedin 1973, long before most of the current supporting data was collected (Bickhard, 1973,1978, 1980a, 1992c).Reflexive consciousness in this model is not reflexive passive perception. It is nota meta-receipt of encoding inputs of other mental contents or objects � it cannot be. It isinstead a meta-knowing interaction, a meta-representationality. For at least the tenthtime, an unfamiliar ontology appears here to be capable of manifesting familiar forms of

30representationality, but in nonstandard ways, and with nonstandard specifics ofmanifestation.I have a number of times mentioned and outlined arguments with the conclusionthat standard assumptions about representational ontologies are logically incoherent, and,thus, cannot be correct. I have at most adumbrated those arguments � they have alreadybeen more fully developed in several places elsewhere � but have focused instead on thedelineation of system ontologies that plausibly manifest various forms of what wouldappear to be representationality. This focus on alternative ontologies complements thecritique of standard approaches: insofar as these system ontologies would manifestsomething that looks very much like representationality, and various levels ofrepresentationality at that, then proponents of standard views must either defeat theclaims of ascription of representationality to the manifestations of such ontologies, orgive up claims of constituting �the only game in town� (Fodor, 1987, 1990; Newell,1980a, 1980b). Still further, they must give up standard approaches entirely or else notonly defeat the arguments of incoherence, but show how to capture in a non-ad hocmanner the context sensitivities, the unbounded implicitnesses and presuppositions, thedevelopmental stage constraints, and so on that are intrinsic to the interactive ontologies.The focus in this model on activity instead of on empiricist inputs (or �up fromthe genes� �rationalism�) as the framework for representationality is shared with severalcontemporary approaches to intentionality. Implicitly defining organizations of potentialinteractions are like presentations of objects and individuals, or their guises, not theindividuals themselves; the processes of interactive differentiation and indication ofpotential interactions are like the experiences or meanings of those organizations ofpotentialities in the environment. In these respects, the model is akin to the Kantiansystems of Meinong or Twardowski or Casta�eda (Casta�eda, 1989; Santambrogio, 1990;Tomberlin, 1986), or to the interactive pragmatic and process phenomenology ofpragmatism (Bourgeois & Rosenthal, 1983; Houser & Kloesel, 1992; Murphy, 1990;Rosenthal, 1983, 1986, 1987, 1992; Thayer, 1973). Furthermore, the focus on engagedinteractive process shares themes with existential phenomenology: The implicitrepresentationality of interaction systems is akin to �skill intentionality� (Dreyfus, 1967,1982, 1991a; Dreyfus & Dreyfus, 1986, 1987; Bickhard & Terveen, 1995). Theconstructive interpretative model of language is akin to the hermeneutic circle (Dreyfus,1991a, 1991b; Gadamer, 1975, 1976; Guignon, 1983; Heidegger, 1962; Okrent, 1988).These similarities are as much due to the shared anti-empiricism, and the shared focus onprocess and action, as to detailed commonalities. In other respects, not developed here,the model is quite different from these traditions. The existence of such kinships,however, renders the typical �only game in town� defense of standard �representation-as-correspondence� approaches even more vacuous.Further Properties of the ModelIntrinsically Situated and Context DependentMany properties of these interactive ontologies of various forms and levels ofrepresentationality have been mentioned, such as their implicitness, unboundedness,Kantianism, pragmatism, and so on. There is one class of properties, however, that Iwould like to focus on a little more explicitly.In particular, the interactive model offers support to a perspective on cognitioncalled �situated cognition� (Agre, 1988; Chapman & Agre, 1986; Clancey, 1989, 1991;Maes, 1990). It offers that support by virtue of the fact that the interactive ontologies

31intrinsically manifest and force a situatedness of representationality. Thus interactivismboth offers an ontology for the realization of situatedness and a convergent set ofconsiderations that yield situated conclusions.In a way, the point is obvious: interactive representational ontologies requireintrinsically open interacting systems. Such systems represent characteristics of theirenvironment by virtue of their interactions and potential interactions with thoseenvironments. The environmental differentiations and implicit definitions ofinteractivism are intrinsically relative to the system and its differentiating interactiveactivities � they are intrinsically, necessarily, indexical. The interactive properties thatare functionally predicated in interactive representation are intrinsically, necessarily,functional � properties of the interactive functional relationships between the systemand its environment, properties of the situated relationships between the system and itsenvironment. Interactive representation, then, is intrinsically, necessarily, deictic in thesituated sense outlined by Agre (1988).Interactive differentiations are intrinsically context dependent in the sense thatjust what a differentiating interaction will in fact differentiate will depend on theenvironment in which it is engaged. Such differentiations will necessarily tend to be ofsituations appropriate to the predicated further interactive possibilities in usualenvironments in order for those differentiations and their predications to surviveselections, either biological selections in evolution or constructive selections in learning.But in no case is there any apriori guarantee that the functional predication is correctunder all situational circumstances.Interactive representation is an emergent of action, interaction, and thepotentialities for interaction; it is not a product of any sort of processing of inputs.Passive systems that only receive inputs cannot be representational in the interactivesense. No �processing� of inputs can yield interactive representationality, including anyconnectionist processing of inputs: representation is an emergent property of situatedinteracting systems, not passive systems. Neither computers nor connectionist networks,then, can be interactively representational; robots, however, could be (Beer, 1990;Bickhard, 1982; Bickhard & Terveen, 1995; Brooks, 1991a, 1991b; Cherian & Troxell,1995, in press; Hooker, in preparation; Maes, 1990; Malcolm, Smithers, & Hallam, 1989;Smithers, 1992).Interactive representation is an emergent of potentialities for interaction. It is notmost fundamentally of or about actualities except in the sense of �actual� interactivepotentialities. This intrinsic involvement of modality in all representation ischaracteristic of all recognitions that representation emerges from action, not from inputs,and interactivism shares in it. Representation as emergent from action rather than fromthe processing of inputs must be modal because it is potential actions, the potentialitiesfor action and interaction, that are at issue, not past actions and not past inputs (Bickhard,1988; Bickhard & Campbell, 1989; Bickhard & Terveen, 1995). Standard conceptions ofrepresentation focus on supposed encodings of actualities, derived from inputscorresponding to those actualities, with either no involvement of modality, or with an adhoc addition of modal operators on top of a basically non-modal representational system.Folk PsychologyThis interactive framework, especially when supplemented by the arguments forthe incoherence of standard encodingist approaches (Bickhard, 1991b, 1991c, 1992a,1993), gives rise to questions about standard belief-desire folk psychology. If folk

32psychology isn�t capturing the correct underlying ontologies, what status does it have?Churchland (1981, 1984) construes folk psychology as a theory about mental ontology,and as an egregiously false such theory. Freud and Fodor take it to be a correct theory. Isuggest as an alternative that folk psychology is primarily concerned with the regularitiesof and with regulating the interactions of people with their environments, most especiallywith their social environments. Any such functionality of folk psychology will imposeconstraints on what sorts of underlying ontologies could be consistent with suchfunctionalities, but it does not require that folk psychology be any sort of direct theoryabout those underlying system ontologies (Clark, 1989).In particular, folk psychology is concerned with the accomplishments, and theclaimed and intended accomplishments, of the interactions of people more than with theprocesses by which those accomplishments were or were not attained. Accomplishingtruth or reference, for example, is not something that can be assured to any procedure foraccomplishing them, yet notions of knowledge presuppose the accomplishment of truthand notions of naming and �talking about� assume the accomplishment of unit setdifferentiation. All such cases are defeasible. They are presumptions about therelationships between the organisms and their worlds, not about the interiors of theorganisms per se. They are accomplishments that we ourselves and other people alike arevitally interested in, and, thus, they are an understandable focus of folk psychologicalcharacterizations and interchanges. Such accomplishments constitute an important partof the exchanges between and among people � exchanges of knowledge, or at leastostensible knowledge, for example.Claims to such accomplishment, then, even though intrinsically defeasible,intrinsically incur obligations and responsibilities concerning those claims, andconcerning the unboundedly implicit presumptive conditions of those claims: otherpeople depend on those ostensible accomplishments having been actually accomplishedand on those conditions in fact existing � on ostensible knowledge being true andostensible reference succeeding. This realm of the normativity of interactions amongpeople emerges necessarily in part because of the exchange-importance of suchdefeasible accomplishments.There is, of course, another aspect to the use of folk psychology � its uses inpredicting and understanding others� actions. This is more amenable to interpretation asa theory. But, at the folk psychology level per se, this use is primarily instrumental: itcharacterizes dispositions, and explains behavior in terms of such dispositions. Tocharacterize the multifarious forms of presupposition, implicitness, predication, and soon, and the dispositions to which they give rise, in folk psychology terms is at best apartial characterization � one that collapses most of the levels of representationality intoone canonical form and elides the implicit character of those levels � but it cannevertheless be quite powerful, and it generally suffices for instrumental purposes. Whensuch uses are pressed into theory, however, when the notions of folk psychology arereified into ontological mental elements, we get such aberrations as the encodingincoherencies, the Dynamic Unconscious, and the frame problems.In this view then, folk psychology is not a theory about anything (which does notpreclude its being treated as such, by Churchland or Fodor or Freud, for example). It is aframework within which claims and exchanges of various forms of representationalaccomplishments and behavioral dispositions can be made and discussed. In particular,folk psychology does not provide, and should not be taken as ostensibly providing, atheory concerning the ontology of representationality.

33I have argued, instead, that there are many forms of representationality and manyforms of underlying ontologies for those representationalities. Interactive functionalpresuppositions, implicit definitions of environmental categories, implicit definitions ofinteractive properties, implicit definitions of potential apperceptions, and so on, allconstitute forms of representationality. They do not all have the same form, and do notall involve the same underlying ontologies � and none of them is identical to, or evenconsistent with, the common reification of belief-desire folk psychology intopropositional attitude ontologies.ConclusionRepresentationality is not a singular natural kind. It does, however, havesomething like a family-resemblance underlying coherence: all of these types and formsand levels of representationality are properties or aspects or organizations or emergents ofsituated interactive goal-directed systems. None of these forms of representationality areanything like a language of thought or a data structure or a connectionist attractor: noneof them involve the notion of representation-as-correspondence-to-what-is-representedthat is common to ideas of language of thought or data structures or information to beprocessed or connectionist �representations�. Instead, interactiveness is the commonthread.

34ReferencesAgre, P. E. (1988). The Dynamic Structure of Everyday Life. Ph.D. Dissertation, MITAI Laboratory.Bach, K., Harnish, R. M. (1979). Linguistic Communication and Speech Acts. MIT.Beer, R. D. (1990). Intelligence as Adaptive Behavior. Academic.Bickhard, M. H. (1973). A Model of Developmental and Psychological Processes. Ph.D. Dissertation, University of Chicago.Bickhard, M. H. (1978). The Nature of Developmental Stages. Human Development,21, 217-233.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. (1982). Automata Theory, Artificial Intelligence, and GeneticEpistemology. Revue Internationale de Philosophie, 36, 549-566.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). The Necessity of Possibility and Necessity: Review of Piaget�sPossibility and Necessity. Harvard Educational Review, 58, No. 4, 502-507.Bickhard, M. H. (1989). The Nature of Psychopathology. In Lynn Simek-Downing(Ed.) International Psychotherapy: Theories, Research, and Cross-CulturalImplications. Westport, CT: Praeger Press.Bickhard, M. H. (1991a). A Pre-Logical Model of Rationality. In Les Steffe (Ed.)Epistemological Foundations of Mathematical Experience. New York: Springer-Verlag, 68-77.Bickhard, M. H. (1991b). Homuncular Innatism is Incoherent: A reply to Jackendoff.The Genetic Epistemologist, 19(3), p. 5.Bickhard, M. H. (1991c). The Import of Fodor�s Anti-Constructivist Argument. In LesSteffe (Ed.) Epistemological Foundations of Mathematical Experience. New York:Springer-Verlag, 14-25.Bickhard, M. H. (1991d). Cognitive Representation in the Brain. In Encyclopedia ofHuman Biology. Vol. 2. Academic Press, 547-558.Bickhard, M. H. (1992a). How Does the Environment Affect the Person? In L. T.Winegar, J. Valsiner (Eds.) Children�s Development within Social Contexts:Metatheory and Theory. Erlbaum, 63-92.

35Bickhard, M. H. (1992b). Scaffolding and Self Scaffolding: Central Aspects ofDevelopment. In L. T. Winegar, J. Valsiner (Eds.) Children�s Development withinSocial Contexts: Research and Methodology. Erlbaum, 33-52.Bickhard, M. H. (1992c). Commentary on the Age 4 Transition. Human Development,182-192.Bickhard, M. H. (1993). Representational Content in Humans and Machines. Journal ofExperimental and Theoretical Artificial Intelligence, 5, 285-333.Bickhard, M. H. (1995a). Intrinsic Constraints on Language: Grammar andHermeneutics. Journal of Pragmatics, 23, 541-554.Bickhard, M. H. (1995b). Who Interprets the Isomorphisms? New Ideas in Psychology,13(2), 135-137.Bickhard, M. H. (forthcoming). Critical Principles: On the Negative Side of Rationality.In Herfel, W., Hooker, C. A. (Eds.) Beyond Ruling Reason: Non-formal Approachesto Rationality.Bickhard, M. H. (in preparation-a). From Epistemology to Rationality.Bickhard, M. H. (in preparation-b). The Whole Person: Toward a Naturalism ofPersons. Harvard.Bickhard, M. H. (in preparation-c). Interaction and Representation.Bickhard, M. H., Campbell, R. L. (1989). Interactivism and Genetic Epistemology.Archives de Psychologie, 57(221), 99-121.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. (1994). The Influence of Early Experience onPersonality Development. New Ideas in Psychology, 12(3), 229-252.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. (1995). Foundational Issues in Artificial Intelligence andCognitive Science � Impasse and Solution. Amsterdam: Elsevier Scientific.Boolos, G. S., Jeffrey, R. C. (1989). Computability and Logic. 3rd ed. Cambridge.Bourgeois, P. L., Rosenthal, S. B. (1983). Thematic Studies in Phenomenology andPragmatism. Amsterdam: Gr�ner.Brooks, R. A. (1991a). Intelligence without Representation. Artificial Intelligence,47(1-3).Brooks, R. A. (1991b). New Approaches to Robotics. Science, 253(5025), 1227-1232.

36Campbell, D. T. (1974). Evolutionary Epistemology. In P. A. Schilpp (Ed.) ThePhilosophy of Karl Popper. LaSalle, IL: Open Court.Campbell, D. T. (1990). Epistemological Roles for Selection Theory. In N. Rescher(Ed.) Evolution, Cognition, and Realism. Lanham, MD: University Press, pp. 1-19.Campbell, R. L., Bickhard, M. H. (1986). Knowing Levels and Developmental Stages.Basel: Karger.Campbell, R. L., Bickhard, M. H. (1987). A Deconstruction of Fodor�sAnticonstructivism Human Development, 30(1), 48-59.Campbell, R. L., Bickhard, M. H. (1992a). Clearing the Ground: FoundationalQuestions Once Again. Journal of Pragmatics, 17(5/6), 557-602.Campbell, R. L., Bickhard, M. H. (1992b). Types of Constraints on Development: AnInteractivist Approach. Developmental Review, 12(3), 311-338.Carlson, N. R. (1986). Physiology of Behavior. Boston: Allyn and Bacon.Casta�eda, H. (1989). Thinking, Language, and Experience. U. of Minnesota.Chapman, D. and Agre, P. (1986). Abstract Reasoning as Emergent from ConcreteActivity. In M. P. Georgeff, A. L. Lansky, (Eds.) Reasoning about Actions andPlans, Proceedings of the 1986 Workshop. Timberline, Oregon, 411-424.Cherian, S., Troxell, W. O. (1995). Interactivism: A Functional Model of Representationfor Behavior-Based Systems. In Mor�n, F., Moreno, A., Merelo, J. J., Chac�n, P.Advances in Artificial Life: Proceedings of the Third European Conference onArtificial Life, Granada, Spain. (691-703). Berlin: Springer.Cherian, S., Troxell, W. O. (in press). Intelligent behavior in machines emerging from acollection of interactive control structures. Computational Intelligence, 1994.Blackwell Publishers. Cambridge, Mass. and Oxford, UK.Churchland, P. M. (1981). Eliminative Materialism and the Propositional Attitudes. J.of Philosophy, 78(2), 67-90.Churchland, P. M. (1984). Matter and Consciousness. MIT.Clancey, W. J. (1989). The Knowledge Level Reinterpreted: Modeling How SystemsInteract. Machine Learning 4, 285-291.Clancey, W. J. (1991). The Frame of Reference Problem in the Design of IntelligentMachines. In VanLehn, K., ed. Architectures for Intelligence: The Twenty-SecondCarnegie Symposium on Cognition. Hillsdale, NJ: Lawrence Erlbaum Associates.Clark, A. (1989). Microcognition. MIT.Dennett, D. C. (1969). Content and Consciousness. London: Routledge & Kegan Paul.Dennett, D. C. (1978). Intentional systems. In D. C. Dennett (Ed.) Brainstorms.Montgomery, Vt.: Bradford Books.

37Dennett, D. C. (1987). The Intentional Stance. MIT.Dennett, D. C. (1991). Consciousness Explained. Little, Brown.Dretske, F. I. (1981). Knowledge and the Flow of Information. Cambridge, MA: MIT.Dretske, F. I. (1988). Explaining Behavior. Cambridge, MA: MIT.Dreyfus, H. L. (1967). Why Computers Must Have Bodies in order to be Intelligent.Review of Metaphysics, 21, 13-32.Dreyfus, H. L. (1982). Introduction. In H. L. Dreyfus (Ed.) Husserl: Intentionality &Cognitive Science. (1-27). MIT.Dreyfus, H. L. (1991a). Being-in-the-World. MIT.Dreyfus, H. L. (1991b). Heidegger�s Hermeneutic Realism. In D. R. Hiley, J. F.Bohman, R. Shusterman (Eds.) The Interpretive Turn. (25-41) Cornell.Dreyfus, H. L., Dreyfus, S. E. (1986). Mind Over Machine. New York: Free Press.Dreyfus, H. L., Dreyfus, S. E. (1987). How to Stop Worrying about the Frame Problemeven though its Computationally Insoluble. In Z. W. Pylyshyn (Ed.) The Robot�sDilemma: The Frame Problem in Artificial Intelligence. (95-111). Norwood, NJ:Ablex.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. (1983). The modularity of mind: An essay on faculty psychology.Cambridge, Mass.: MIT.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. Minnesota, 3-23.Fodor, J. A. (1987). Psychosemantics. Cambridge, MA: MIT Press.Fodor, J. A. (1990). A Theory of Content. Cambridge, MA: MIT Press.Ford, K. M., Hayes, P. J. (1991). Reasoning Agents in a Dynamic World: The FrameProblem. Greenwich, CT: JAI Press.Gadamer, Hans-Georg (1975). Truth and Method. New York: Continuum.Gadamer, Hans-Georg (1976). Philosophical Hermeneutics. Berkeley: University ofCalifornia Press.

38Gibson, 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. Hillsdale, NJ: Erlbaum.Gibson, J. J. (1979). The ecological approach to visual perception. Boston: HoughtonMifflin.Ginzburg, A. (1968). Algebraic theory of automata. New York: Academic Press.Glymour, C. (1988). Artificial Intelligence is Philosophy. In J. H. Fetzer (Ed.) Aspectsof Artificial Intelligence. Kluwer Academic.Guignon, C. B. (1983). Heidegger and the Problem of Knowledge. Indianapolis:Hackett.Hahlweg, K., Hooker, C. A. (1989). Issues in Evolutionary Epistemology. SUNY.Hanson, P. P. (1990). Information, Language, and Cognition. University of BritishColumbia Press.Heidegger, M. (1962). Being and Time. New York: Harper & Row.Hooker, C. A. (1995). Reason, Regulation, and Realism: Towards a Regulatory SystemsTheory of Reason and Evolutionary Epistemology. SUNY.Hooker, C. A. (in preparation). Toward a Naturalised Cognitive Science.Hopcroft, J. E., Ullman, J. D. (1979). Introduction to Automata Theory, Languages, andComputation. Reading, MA: Addison-Wesley.Houser, N., Kloesel, C. (1992). The Essential Peirce. Vol. 1. Indiana.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.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.Lewis, D. K. (1969). Convention. Cambridge, Mass.: Harvard.

39Loewer, B., Rey, G. (1991). Meaning in Mind: Fodor and his critics. Oxford:Blackwell.Loux, M. J. (1970). Universals and Particulars. Notre Dame.Maes, P. (1990). Designing Autonomous Agents. MIT.Malcolm, C. A., Smithers, T., Hallam, J. (1989). An Emerging Paradigm in RobotArchitecture. In T Kanade, F.C.A. Groen, & L.O. Hertzberger (Eds.) Proceedingsof the Second Intelligent Autonomous Systems Conference. (pp. 284-293).Amsterdam, 11--14 December 1989. Published by Stichting International Congressof Intelligent Autonomous Systems.McCarthy, J., Hayes, P. (1969). Some Philosophical Problems from the Standpoint ofArtificial Intelligence. In B. Meltzer, D. Michie (Eds.) Machine Intelligence 4 (pp.463-502). New York: American Elsevier.McClelland, J. L., Rumelhart, D. E. (1986). Parallel Distributed Processing:Explorations in the Microstructure of Cognition: Vol. 2 Psychological and BiologicalModels. Cambridge: MIT.Millikan, R. (1984). Language, Thought, and Other Biological Categories. MIT.Millikan, R. G. (1993). White Queen Psychology and Other Essays for Alice. MIT.Moore, G. H. (1988). The emergence of first order logic. In W. Aspray & P. Kitcher(Eds.), History and philosophy of modern mathematics (pp. 95-135). Minneapolis:University of Minnesota Press.Murphy, J. P. (1990). Pragmatism. Westview.Newell, A. (1980a). Physical Symbol Systems. Cognitive Science, 4, 135-183.Newell, A. (1980b). Reasoning, Problem Solving, and Decision Processes: The ProblemSpace as a Fundamental Category. In R. Nickerson (Ed.) Attention and PerformanceVIII. Hillsdale, NJ: Erlbaum.Okrent, M. (1988). Heidegger�s Pragmatism. Cornell.Piaget, J. (1954). The Construction of Reality in the Child. New York: Basic.Piaget, J., & Inhelder, B. (1973). Memory and Intelligence. New York: Basic.Popper, K. (1965). Conjectures and Refutations. New York: Harper & Row.Popper, K. (1972). Objective Knowledge. London: Oxford Press.Pylyshyn, Z. (1987). The Robot�s Dilemma. Ablex.Radnitzky, G., Bartley, W. W. (1987). Evolutionary Epistemology: Theory ofRationality, and the Sociology of Knowledge. La Salle: Open Court.Richard, M. (1983). Direct Reference and ascriptions of belief. Journal ofPhilosophical Logic, 12(4), 425-452.

40Rosenthal, S. B. (1983). Meaning as Habit: Some Systematic Implications of Peirce�sPragmatism. In E. Freeman (Ed.) The Relevance of Charles Peirce. Monist, 312-327.Rosenthal, S. B. (1986). Speculative Pragmatism. Open Court.Rosenthal, S. B. (1987). Classical American Pragmatism: Key Themes andPhenomenological Dimensions. In R. S. Corrington, C. Hausman, T. M. Seebohm(Eds.) Pragmatism Considers Phenomenology. (37-57). Washington, D.C.:University Press.Rosenthal, S. B. (1992). Pragmatism and the Reconstruction of Metaphysics:Toward a New Understanding of Foundations. In T. Rockmore, B. J. SingerAntifoundationalism Old and New. (165-188) Temple University Press.Rumelhart, D. E. (1989). The Architecture of Mind: A Connectionist Approach. In M.I. Posner (Ed.) Foundations of Cognitive Science. MIT, 133-160.Rumelhart, D. E., McClelland, J. L. (1986). Parallel Distributed Processing. Vol. 1:Foundations. MIT.Santambrogio, M. (1990). Meinongian Theories of Generality. Nous, XXIV(5), 647-673.Savage-Rumbaugh, E. S., Murphy, J., Sevcik, R. A., Brakke, K. E., Williams, S. L.,Rumbaugh, D. M. (1993). Language Comprehension in Ape and Child.Monographs of the Society for Research in Child Development, 58(3-4), 1-221.Schelling, T. C. (1963). The strategy of conflict. New York: Oxford University Press.Shanon, B. (1991). Representations: Senses and Reasons. Philosophical Psychology,4(3), 355-374.Smith, B. C. (1987). The Correspondence Continuum. Stanford, CA: Center for theStudy of Language and Information, CSLI-87-71.Smithers, T. (1992). Taking Eliminative Materialism Seriously: A Methodology forAutonomous Systems Research. In Francisco J. Varela & Paul Bourgine (Eds.)Toward a Practice of Autonomous Systems. (pp. 31-40). MIT Press.Thayer, H. S. (1973). Meaning and Action. Bobbs-Merrill.Tomberlin, J. E. (1986). Hector-Neri Casta�eda. Reidel.Vuyk, R. (1981). Piaget�s Genetic Epistemology 1965-1980. vol. II New York:Academic.Waltz, D., Feldman, J. A. (1988). Connectionist Models and Their Implications.Norwood, NJ: Ablex.Winograd, T., Flores, F. (1986). Understanding Computers and Cognition. Norwood,NJ: Ablex.