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Preface

Artificial Intelligence and Cognitive Science are at a foundational
impasse which is at best only partially recognized.  This impasse has to
do with assumptions concerning the nature of representation: standard
approaches to representation are at root circular and incoherent.  In
particular, Artificial Intelligence research and Cognitive Science are
conceptualized within a framework that assumes that cognitive processes
can be modeled in terms of manipulations of encoded symbols.
Furthermore, the more recent developments of connectionism and Parallel
Distributed Processing, even though the issue of manipulation is
contentious, share the basic assumption concerning the encoding nature of
representation.  In all varieties of these approaches, representation is
construed as some form of encoding correspondence.  The presupposition
that representation is constituted as encodings, while innocuous for some
applied Artificial Intelligence research, is fatal for the further reaching
programmatic aspirations of both Artificial Intelligence and Cognitive
Science.

First, this encodingist assumption constitutes a presupposition
about a basic aspect of mental phenomena Ñ representation Ñ rather
than constituting a model of that phenomenon.  Aspirations of Artificial
Intelligence and Cognitive Science to provide any foundational account of
representation are thus doomed to circularity: the encodingist approach
presupposes what it purports to be (programmatically) able to explain.
Second, the encoding assumption is not only itself in need of explication
and modeling, but, even more critically, the standard presupposition that
representation is essentially constituted as encodings is logically fatally
flawed.  This flaw yields numerous subsidiary consequences, both
conceptual and applied.

This book began as an article attempting to lay out this basic
critique at the programmatic level.  Terveen suggested that it would be
more powerful to supplement the general critique with explorations of
actual projects and positions in the fields, showing how the foundational
flaws visit themselves upon the efforts of researchers.  We began that
task, and, among other things, discovered that there is no natural closure
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to it Ñ there are always more positions that could be considered, and they
increase in number exponentially with time.  There is no intent and no
need, however, for our survey to be exhaustive.  It is primarily illustrative
and demonstrative of the problems that emerge from the underlying
programmatic flaw.  Our selections of what to include in the survey have
had roughly three criteria.  We favored: 1) major and well known work,
2) positions that illustrate interesting deleterious consequences of the
encodingism framework, and 3) positions that illustrate the existence and
power of moves in the direction of the alternative framework that we
propose.  We have ended up, en passant, with a representative survey of
much of the field.  Nevertheless, there remain many more positions and
research projects that we would like to have been able to address.

The book has gestated and grown over several years.  Thanks are
due to many people who have contributed to its development, with
multitudinous comments, criticisms, discussions, and suggestions on both
the manuscript and the ideas behind it.  These include, Gordon Bearn,
Lesley Bickhard, Don Campbell, Robert Campbell, Bill Clancey, Bob
Cooper, Eric Dietrich, Carol Feldman, Ken Ford, Charles Guignon, Cliff
Hooker, Norm Melchert, Benny Shanon, Peter Slezak, and Tim Smithers.
Deepest thanks are also due to the Henry R. Luce Foundation for support
to Mark Bickhard during the final years of this project.

Mark H. Bickhard
Henry R. Luce Professor of

Cognitive Robotics & the Philosophy of Knowledge
Department of Psychology
17 Memorial Drive East
Lehigh University
Bethlehem, PA 18015
mhb0@lehigh.edu

Loren Terveen
Human Computer Interface Research
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Murray Hill, NJ  07974
terveen@research.att.com



Introduction

How can we understand representation?  How can we understand
the mental?  How can we build systems with genuine representation, with
genuine mentality?  These questions frame the ultimate programmatic
aims of Artificial Intelligence and Cognitive Science.  We argue that
Artificial Intelligence and Cognitive Science are in the midst of a
programmatic impasse Ñ an impasse that makes these aims impossible
Ñ and we outline an alternative approach that transcends that impasse.

Most contemporary research in Artificial Intelligence and
Cognitive Science proceeds within a common conceptual framework that
is grounded on two fundamental assumptions: 1) the unproblematic nature
of formal systems, and 2) the unproblematic nature of encoded, semantic
symbols upon which those systems operate.  The paradigmatic conceptual
case, as well as the paradigmatic outcome of research, is a computer
program that manipulates and operates on structures of encoded data Ñ
or, at least, a potentially programmable model of some phenomena of
interest.  The formal mathematical underpinnings of this approach stem
from the introduction of Tarskian model theory and Turing machine
theory in the 1930s.  Current research focuses on the advances to be
made, both conceptually and practically, through improvements in the
programs and models and in the organization of the data structures.

In spite of the importance and power of this approach, we wish to
argue that it is an intrinsically limited approach, and that these limits not
only fall far short of the ultimate programmatic aspirations of the field,
but severely limit some of the current practical aspirations as well.  In this
book, we will explore these limitations through diverse domains and
applications.  We will emphasize unrecognized and unacknowledged
programmatic distortions and failures, as well as partial recognitions of,
and partial solutions to, the basic impasse of the field.  We also slip in a
few additional editorial comments where it seems appropriate.  In the
course of these analyses, we survey a major portion of contemporary
Artificial Intelligence and Cognitive Science.
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The primary contemporary alternative to the dominant symbol
manipulation approach is connectionism.  It might be thought to escape
our critique.  Although this approach presents both intriguing differences
and strengths, we show that, in the end, it shares in precisely the
fundamental error of the symbol manipulation approach.  It forms,
therefore, a different facet of the same impasse.

The focus of our critique Ñ the source of the basic programmatic
impasse Ñ is the assumption that representation is constituted as some
form of encoding.  We shall explicate what we mean by ÒencodingÓ
representation and show that Artificial Intelligence and Cognitive Science
universally presupposes that representation is encoding.  We argue that
this assumption is logically incoherent, and that, although this
incoherence is innocuous for some purposes, Ñ including some very
useful purposes Ñ it is fatal for the programmatic aspirations of the field.

There are a large number of variants on this assumption, many not
immediately recognizable as such, so we devote considerable effort to
tracing some of these variants and demonstrating their equivalence to the
core encoding assumption.  We also analyze some of the myriads of
deleterious consequences in dozens of contemporary approaches and
projects.  If we are right, the impasse that exists is at best only dimly
discerned by the field.  Historically, however, this tends to be the case
with errors that are programmatic-level rather than simply project-level
failures.  Many, if not most, of the problems and difficulties that we will
analyze are understood as problems by those involved or familiar with
them, but they are not in general understood as having any kind of
common root Ñ they are not understood as reflecting a general impasse.

We also introduce an alternative conception of representation Ñ
we call it interactivism Ñ that avoids the fatal problematics of
encodingism.  We develop interactivism as a contrast to standard
approaches, and we explore some of its consequences.  In doing so, we
touch on current issues, such as the frame problem and language, and we
introduce some of interactivismÕs implications for more powerful
architectures.  Interactivism serves both as an illuminating contrast to
standard conceptions and approaches, and as a way out of the impasse.

A PREVIEW

For the purpose of initial orientation, we adumbrate a few bits of
our critique and our alternative.  The key defining characteristic of
encodingism is the assumption that representations are constituted as
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correspondences.  That is, there are correspondences between Òthings-in-
the-headÓ (e.g., states or patterns of activity) of an epistemic agent (e.g., a
human being or an intelligent machine) Ñ the encodings Ñ and things in
the world.  And, crucially, it is through this correspondence that things in
the world are represented.  It is generally understood that this is not
sufficient Ñ there are too many factual correspondences in the universe,
and certainly most of them are not representations Ñ so much effort is
expended in the literature on what additional restrictions must be imposed
in order for correspondences to be representational.  That is, much effort
is devoted to trying to figure out what kinds of correspondences are
encodings.

One critical problem with this approach concerns how an agent
could ever know what was on the other end of a correspondence Ñ any
correspondence, of any kind.  The mere fact that a certain correspondence
exists is not sufficient.  No element in such a correspondence, of any
kind, announces that it is in a correspondence and what it corresponds to.
And we shall argue that so long as our modeling vocabulary is restricted
to such factual correspondences, there is no way to provide (to an agent)
knowledge of what the correspondences are with.  It is crucial to realize
that knowing that something is in a correspondence and knowing what it
corresponds to is precisely one version of the general problem of
representation we are trying to solve!  Thus, as an attempt at explaining
representation, encodingism presupposes what it purports to explain.

The interactive alternative that we offer is more akin to classical
notions of Òknowing howÓ than to such correspondence-encoding notions
of Òknowing that.Ó  Interactive representation is concerned with
functionally realizable knowledge of the potentialities for action in, and
interaction with, the world.  Interactive representations do not represent
what they are in factual correspondence with in the world, but, rather,
they represent potentialities of interaction between the agent and the
world.  They indicate that, in certain circumstances, a certain course of
action is possible.  Such potentialities of interaction, in turn, are realizable
as the interactive control organizations in the agent that would engage in
those interactions should the agent select them.

Obviously, this issues a flurry of promissory notes.  Among them
are:  How is the encodingism critique filled out against the many
proposals in the literature for making good on encoding representation?
What about the proposals that donÕt, at least superficially, look like
encodingism at all?  How is interactive representation realized, without
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committing the same circularities as encodingism?  How is Òknowing
thatÓ constituted within an interactive model?  How are clear cases of
encodings, such as Morse or computer codes, accounted for?  What are
the implications of such a perspective for related phenomena, such as
perception or language?  What difference does it all make?  We address
and elaborate on these, and many other issues, throughout the book.



I

GENERAL CRITIQUE





1
Programmatic Arguments

The basic arguments presented are in-principle arguments against
the fundamental programmatic presuppositions of contemporary Artificial
Intelligence and Cognitive Science.  Although the histories of both fields
have involved important in-principle programme-level arguments (for
example, those of Chomsky and Minsky & Papert, discussed below), the
standard activities within those fields tend to be much more focused and
empirical within the basic programme.  In other words, project-level
orientations, rather than programme-level orientations, have prevailed,
and the power and importance of programmatic-level in-principle
arguments might not be as familiar for some as project-level claims and
demonstrations.

The most fundamental point we wish to emphasize is that, if a
research programme is intrinsically flawed Ñ as we claim for Artificial
Intelligence and Cognitive Science Ñ no amount of strictly project-level
work will ever discover that flaw.  Some, or even many, projects may in
fact fail because of the foundational flaws of the programme, but a
project-level focus will always tend to attribute such failures to particulars
and details of the individual projects, and will attempt to overcome their
shortcomings in new projects that share exactly the same foundational
programmatic flaws.  Flawed programmes can never be refuted
empirically.

We critique several specific projects in the course of our
discussion, but those critiques simply illustrate the basic programmatic
critique, and have no special logical power.  Conversely, the enormous
space of particular projects, both large and small, that we do not address
similarly has no logical bearing on the programme-level point, unless it
could be claimed that one or more of them constitute a counterexample to
the programmatic critique.  We mention this in part because in discussion
with colleagues, a frequent response to our basic critique has been to
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name a series of projects with the question ÒWhat about this?Ó of each
one.  The question is not unimportant for the purpose of exploring how
the programmatic flaws have, or have not, visited their consequences on
various particular projects, but, again, except for the possibility of a
counterexample argument, it has no bearing on the programmatic critique.
Foundational problems can neither be discovered nor understood just by
examining sequences of specific projects.

CRITIQUES AND QUALIFICATIONS

A potential risk of programmatic critiques is that they can too
easily be taken as invalidating, or as claiming to invalidate, all aspects of
the critiqued programme without differentiation.  In fact, however, a
programmatic critique may depend on one or more separable aspects or
parts of the programme, and an understanding and correction at that level
can allow the further pursuit of an even stronger appropriately revised
programme.  Such revision instead of simple rejection, however, requires
not only a demonstration of some fundamental problem at the
programmatic level, but also a diagnosis of the grounds and nature of that
problem so that the responsible aspects can be separated and corrected.
Thus, ChomskyÕs (1964) critique of the programme of associationistic
approaches to language seems to turn on the most central defining
characteristics of associationism: there is no satisfactory revision, and the
programme has in fact been mostly abandoned.  Minsky and PapertÕs
(1969) programmatic level critique of Perceptrons, on the other hand, was
taken by many, if not most, as invalidating an entire programmatic
approach, without the diagnostic understanding that their most important
arguments depended on the then-current Perceptron limitation to two
layers.  Recognition of the potential of more-than-two-layer systems, as in
Parallel Distributed Processing systems, was delayed by this lack of
diagnosis of the programmatic flaw.  On the other hand, the flaw in two-
layer Perceptrons would never have been discovered using the project-by-
project approach of the time.  On still another hand, we will be arguing
that contemporary PDP approaches involve their own programmatic level
problems.

DIAGNOSES AND SOLUTIONS

Our intent in this critique is to present not only a demonstration of
a foundational programmatic level problem in Artificial Intelligence and
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Cognitive Science, but also a diagnosis of the location and nature of that
problem.  Still further, we will be adumbrating, but only adumbrating, a
programmatic level solution.  The implications of our critique, then, are
not at all that Artificial Intelligence and Cognitive Science should be
abandoned, but, rather, that they require programmatic level revision Ñ
even if somewhat radical revision.

We are not advocating, as some seem to, an abandonment of
attempts to capture intentionality, representationality, and other mental
phenomena within a naturalistic framework.  The approach that we are
advocating is very much within the framework of naturalism.  In fact, it
yields explicit architectural design principles for intentional, intelligent
systems.  They just happen to be architectures different from those found
in the contemporary literature.

IN-PRINCIPLE ARGUMENTS

Both encodingism and interactivism are programmatic
approaches.  In both cases, this is a factual point, not a judgement: it is
relevant to issues of judgement, however, in that the forms of critique
appropriate to a programme are quite different than the forms of critique
appropriate to a model or theory.  In particular, while specific results can
refute a model or theory, only in-principle arguments can refute a
programme because any empirical refutation of a specific model within a
programme only leads to the attempted development of a new model
within the same programme.  The problem that this creates is that a
programme with foundational flaws can never be discovered to be flawed
simply by examining particular models (and their failures) within that
programme.  Again, any series of such model-level empirical failures
might simply be the predecessors to the correct model Ñ the empirical
failures do not impugn the programme, but only the individual models.  If
the programme has no foundational flaws, then continued efforts from
within that framework are precisely what is needed.

But if the programme does indeed have foundational flaws, then
efforts to test the programme that are restricted to the model level are
doomed never to find those flaws Ñ only in-principle arguments can
demonstrate those.  We dwell on this point rather explicitly because most
researchers are not accustomed to such points.  After all, programmes are
overthrown far less frequently than particular models or theories, and
most researchers may well have fruitful entire careers without ever
experiencing a programmatic-level shift.  Nevertheless, programmes do
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fail, and programmes do have foundational flaws, and, so our argument
goes, Artificial Intelligence and Cognitive Science have such flaws in
their programmatic assumptions.  The critique, then, is not that Artificial
Intelligence and Cognitive Science are programmatic Ñ that much is
simply a fact, and a necessary fact (foundational assumptions cannot be
simply avoided!) Ñ the critique is that Artificial Intelligence and
Cognitive Science involve false programmatic assumptions, and the point
of the meta-discussion about programmes is that it requires conceptual-
level critique to uncover such false programmatic assumptions.
Interactivism, too, is programmatic, and necessarily so.  Its contrast with
other approaches, so we claim, lies in not making false encodingist
presuppositions regarding representation as do standard Artificial
Intelligence and Cognitive Science.



2
The Problem of Representation

ENCODINGISM

The fundamental problem with standard Artificial Intelligence and
Cognitive Science can be stated simply: they are based on a
presupposition of encoded symbols.  Symbols are instances of various
formal symbol types, and symbol types are formal ÒshapesÓ whose
instances can be physically distinguished from each other within whatever
physical medium is taken to constitute the material system.  Such
differentiation of physical instances of formal types constitutes the bridge
from the materiality of the representations to the formality of their syntax
(Haugeland, 1985).  These symbol types Ñ formal shape types Ñ
generally consist of character shapes on paper media, and bit patterns in
electronic and magnetic media, but can also consist of, for example,
patterns of long and short durations in sounds or marks as in Morse code.

Symbols, in turn, are assumed to represent something, to carry
some representational content.  They may be taken as representing
concepts, things or properties or events in the world, and so on.

More broadly, encodings of all kinds are constituted as being
representations by virtue of their carrying some representational content
Ñ by virtue of their being taken to represent something in particular.
That content, in turn, is usually taken to be constituted or provided by
some sort of a correspondence with the ÒsomethingÓ that is being
represented.1  For example, in Morse code, Ò¥ ¥ ¥Ó is interpreted to be a
representation of the character or phonetic class S Ñ with which it is in
Morse-code correspondence.  By exact analogy, ÒstandardÓ Artificial

                                                
1   If what is being represented does not exist, e.g., a unicorn, then such an assumption
of representation-by-correspondence is untenable, at least in its simple version: there is
nothing for the correspondence relationship to hold with.  Whether this turns out to be a
merely technical problem, or points to deeper flaws, is a further issue.
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Intelligence and Cognitive Science approaches to mental (and machine)
representation assume that a particular mental state, or pattern of neural
activity, or state of a machine, is a representation of, say, a dog.  As we
argue later, this analogy cannot hold.

We will be arguing that all current conceptions of representation
are encoding conceptions, though usually not known explicitly by that
name, and are often not recognized as such at all.  In fact, there are many
different approaches to and conceptions of representation that turn out to
be variants of or to presuppose encodingism as capturing the nature of
representation.  Some approaches to phenomena that are superficially not
representational at all nevertheless presuppose an encodingist nature of
representation.  Some approaches are logically equivalent to encodingism,
some imply it, and some have even more subtle presuppositional or
motivational connections.  Representation is ubiquitous throughout
intentionality, and so also, therefore, are assumptions and implicit
presuppositions about representation.  Encodingism permeates the field.
We will examine many examples throughout the following discussions,
though these will not by any means constitute an exhaustive treatment Ñ
that is simply not possible.  The arguments and analyses, however, should
enable the reader to extend the critique to unaddressed projects and
approaches.

Circularity
It is on the basic assumption that symbols provide and carry

representational contents that programmatic Artificial Intelligence and
Cognitive Science founder.  It is assumed that a symbol represents a
particular thing, and that it Ñ the symbol Ñ somehow informs the system
of what that symbol is supposed to represent.  This is a fatal assumption,
in spite of its seeming obviousness Ñ what else could it be, what else
could representation possibly be?

The first sense in which this assumption is problematic is simply
that both Artificial Intelligence and Cognitive Science take the carrying of
representational content as a theoretical primitive.  It is simply assumed
that symbols can provide and carry representational content, and, thus, are
encoded representations.  Representation is rendered in terms of elements
with representational contents, but there is no model of how these
elements can carry representational content.  Insofar as programmatic
Artificial Intelligence and Cognitive Science have aspirations of
explicating and modeling all mental phenomena, or even just all cognitive
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phenomena, here is an absolutely central case Ñ representation Ñ in
which they simply presuppose what they aspire to explain.  They
presuppose phenomena of representation Ñ symbols having content Ñ in
their supposed accounts of cognition and representation.  Both fields are
programmatically circular (Bickhard, 1982).

Incoherence Ñ The Fundamental Flaw
The second sense in which the encodingism of Artificial

Intelligence and Cognitive Science is fatal is that the implicit promissory
note in the presupposition of encodingism is logically impossible to cash.
Not only do both fields presuppose the phenomena of representation in
their encodingism, they presuppose it in a form Ñ representations are
essentially constituted as encodings Ñ that is at root logically incoherent.
There are a number of approaches to, and consequences of, this
fundamental incoherence.  We will present several of each.

Recall the definition of an encoded representation: a
representational element, or symbol, corresponds to some thing-to-be-
represented, and it is a representation by virtue of carrying a
representational content specifying that thing-to-be-represented.  An
encoding is essentially a carrier of representational content and cannot
exist without some such content to carry, hence the notion of an encoding
that does not purport to represent something is nonsense.  This problem is
not fundamental so long as there is some way of providing that content
for the encoding element to carry.  Still further, encodings can certainly
be providers of representational content for the formation of additional
encodings, as when ÒSÓ is used to provide the content for Ò¥ ¥ ¥Ó in Morse
code.  This is a simple and obvious transitive relationship, in which an
encoding in one format, say Ò¥ ¥ ¥Ó in Morse code, can stand in for the
letter ÒS,Ó and, by extension, for whatever it is that provided the
representational content for ÒSÓ in the first place.  These carrier and
stand-in properties of encodings account for the ubiquity and tremendous
usefulness of encodings in contemporary life and technology.  Encodings
change the form or substrate of representations, and thus allow many new
manipulations at ever increasing speeds.  But they do not even address the
foundational issue of where such representational contents can ultimately
come from.

Encodings can carry representational contents, and already
established encodings can provide representational contents for the
formation of some other encoding, but there is no way within
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encodingism per se for those representational contents to ever arise in the
first place.  There is no account, and Ñ we argue Ñ no account possible,
of the emergence of representation.

An encoding X2 can stand in for some other encoding X1, and X1
thus provides the representational content that makes X2 a representation
at all.  That provider-encoding could in turn be a stand-in for still some
other encoding, and so on, but this iteration of the provision of stood-in-
for representational content cannot proceed indefinitely:  X3 can stand-in
for X2, which can stand-in for X1, and so on, only finitely many times Ñ
there must be a bottom level.

Consider this bottom level of encodings.  In order to constitute
these elements as encodings, there must be some way for the basic
representational content of these elements to be provided.  If we suppose
that this bottom-level foundation of logically independent representations
Ñ that is:

¥ representations that donÕt just stand-in for other representations, and,
therefore,

¥ representations that donÕt just carry previously provided contents Ñ
is also constituted as encodings, then we encounter a terminal
incoherence.

Consider some element X of such a purported logically
independent, bottom level, foundation of encodings.  On the one hand, X
cannot be provided with representational content by any other
representation, or else, contrary to assumption, it will not be logically
independent Ñ it will simply be another layer of stand-in encoding.  On
the other hand, X cannot provide its own content.  To assume that it could
yields ÒX represents whatever it is that X representsÓ or ÒX stands-in for
XÓ as the provider and carrier relationship between X and itself.  This
does not succeed in providing X with any representational content at all,
thus does not succeed in making X an encoding at all, and thus constitutes
a logical incoherence in the assumption of a foundational encoding.

This incoherence is the fundamental flaw in encodingism, and the
ultimate impasse of contemporary Artificial Intelligence and Cognitive
Science.  Representational content must ultimately emerge in some form
other than encodings, which can then provide representational contents
for the constitution of derivative encodings.
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A First Rejoinder
One apparent rejoinder to the above argument would simply claim

that the stand-in relationship could be iterated one more time, yielding a
foundation of basic encodings that stand-in for things in the world.  In
fact, it might be asked, ÒWhat else would you expect representations to do
or be?Ó  There are several confusions that are conflated in this
Òrejoinder.Ó  First is an equivocation on the notion of Òstanding-in-for.Ó
The stand-in relationship of encodings is one in which a derivative
encoding stands-in for a primary encoding in the sense that the derivative
encoding represents the same thing as does the primary encoding.  For
example, the Morse code Ò¥ ¥ ¥Ó represents whatever it is that ÒSÓ
represents.  Therefore, this purported last iteration of the stand-in
relationship is an equivocation on the notion of Òstand-inÓ:  the ÒthingÓ in
the world isnÕt being taken as representing anything Ñ it is, instead, that
which is to be represented Ñ and, therefore, the thing in the world cannot
be representationally stood-in-for.  A supposed mental encoding of a cup,
for example, does not represent the same thing that the cup represents Ñ
the cup is not a representation at all, and, therefore, the cup cannot be
representationally stood-in-for.  The cup might be representationally
stood-for, but it cannot be representationally stood-in-for.

Second, this purported grounding stand-in relationship cannot be
some sort of physical substitution stand-in:  a ÒthingÓ and its
representation are simply not the same ontological sort Ñ you cannot do
the same things with a representation of X that you can with X itself.  A
system could have internal states that functionally track properties and
entities of its environment, for the sake of other functioning in the system.
And such functional tracking relationships could be called (functional)
stand-in relationships without doing any damage to the meanings of the
words.  Nevertheless, such a tracking relationship, however much it might
be legitimately called a Òstand-in relationship,Ó is not in itself a
representational relationship.  It is not a representational stand-in
relationship Ñ the tracking state per se neither represents what it tracks
(there is no knowledge, no content, of what it tracks), nor does it
represent the same thing as what it tracks.

The purported grounding stand-in relationship, then Ñ the
supposed bottom level encoding stand-in of the element Òstanding-inÓ for
the cup Ñ simply is the representational relationship.  The relationship of
the supposed mental encoding of the cup to that cup is not that of a
representational stand-in at all, but, rather, that of the representational
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relationship itself.  The encoding, bottom level or otherwise, Òstands-inÓ
for the thing in the world in the sense that it represents that thing in the
world, and that representational relationship is exactly what was supposed
to be accounted for; it is exactly the relationship that we set out to
understand and to model in the first place.

The purported explication of representation in terms of grounding
stand-ins turns out to be a simple semantic circularity:  ÒrepresentationÓ is
being defined in terms of a usage of Òstand-inÓ that means
Òrepresentation.Ó  Furthermore, the grounding encoding can represent its
proper thing-in-the-world only if the relevant epistemic agents know what
it represents, and they can know what it represents only if they already
know that which is to be represented.  We are right back at the circularity:
An encoding of X can only be constructed if X is already known Ñ
otherwise, what is the encoding to be constructed as an encoding of? Ñ
and X can be already known only if there is a representation of X already
available.  In other words, an encoding of X can exist only if it is defined
in terms of an already existing representation of X.  Within an
encodingism, you must already have basic representations before you can
get basic representations.  The supposed last iteration of the stand-in
relationship, then, appears to avoid the vicious circularity only because of
the overlooked equivocation on Òstand-in.Ó  The relationship between
mental representations and things-in-the-world cannot be the same as that
between Ò¥ ¥ ¥Ó and ÒS.Ó

There are, of course, much more sophisticated (and more obscure)
versions of this rejoinder in the literature.  We discuss a number of them
below.  Whatever the sophistication (or obscurity), however, as long as
the basic notion of representation is taken to be that of an encoding, the
fundamental incoherence of encodingism as an approach to representation
remains.  Strict encodingism is an intrinsically incoherent conception.

Nevertheless, throughout history there has been no known
alternative to encodingism Ñ and there still isnÕt in standard approaches
to representational phenomena Ñ so the incoherence of encodingism, in
its various guises, has seemed ultimately unsolvable and undissolvable,
and therefore better avoided than confronted.  The question ÒWhat else is
there besides encodings?Ó still makes apparent good sense.  Later we will
outline an alternative that escapes the encodingism incoherence, but the
primary focus in this book is on the consequences of the encodingism
assumption.  It does not attempt more than an adumbration of the
solutions, which are developed elsewhere.
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The Necessity of an Interpreter
The preceding discussion focused on the necessity of a provider of

representational contents for the constitution of encodings, and on the
impossibility of such a provider within encodingism itself.  Here we will
point out that there is a dual to this necessity of a provider that also has
played a role in some contemporary work, and that is the necessity of an
interpreter.  Once an encoding representational content carrier has been
created, an interpreter is required in order for that encoding to be used
(for example, Gibson, 1966, 1977, 1979; see Bickhard & Richie, 1983;
Shanon, 1993).  Encodings in the formal symbol sense can be
manipulated and generated with great complexity without regard to the
representational content that they are taken as carrying, but if those
resultant encodings are to be of any epistemic function, their
representational content must be cashed in somehow.  Encodingism (thus
Artificial Intelligence and Cognitive Science) can neither explicate the
function of the representational content provider, nor that of the
representational content interpreter.

For computers, the user or designer is the provider and interpreter
of representational content.  This is no more problematic for the user or
designer than is the interpretation of printed words or a picture as having
representational content.  As an attempt to account for mental processes
in the brain, however, simply moving such interpretation accounts into
the brain via analogy leaves unsatisfied and unsatisfiable the desire for a
model of the user or designer per se Ñ a model of the provider and
interpreter of representational content.  These functions are left to an
unacknowledged and unexamined homunculus, but it is these unexamined
intentional functions of the homunculus that are precisely what were to be
modeled and understood in the first place.  Such undischarged intentional
homunculi in accounts of intentional phenomena are circular Ñ they are
aspects, in fact, of the basic circular incoherence of encodingism.

Most fundamentally, encodingism does not even address the
fundamental problem of representation:  The nature and emergence and
function of representational content.  Encodingism is intrinsically
restricted to issues of manipulation and transformation of already-
constituted carriers of representational content Ñ carriers for some
interpretive, intentional agent.  That is, encodingism is not really a theory
of representation at all: at best, it constitutes part of one approach to
representational computations.





3
Consequences of Encodingism

LOGICAL CONSEQUENCES

Encodingist assumptions and presuppositions have many logical
consequences.  A large portion of these consequences are due to
vulnerabilities of the basic encodingist assumptions to various questions,
problems, objections, and limitations Ñ and the ensuing attempts to solve
or avoid these problems.  We will survey a number of these consequent
problems, and argue that they cannot be solved within the encodingist
framework.  We will analyze consequences of encodingism either in
general conceptual terms, or in terms of distortions and failures of
specific projects and approaches within Artificial Intelligence and
Cognitive Science.

We begin with some classical philosophical problems that, we
argue, are aspects of encodingist conceptions of or presuppositions
concerning representation.  Insofar as this argument is correct, then
Artificial Intelligence and Cognitive Science face these problems as well
by virtue of their presupposition of the general encodingist framework.  In
fact, we find manifestations of several of these classic problems in
contemporary approaches.

Skepticism
There is more than one perspective on the basic incoherence of

encodingism, and, in one or another of these perspectives, the problem
has been known for millennia.  Perhaps the oldest form in which it has
been recognized is that of the argument of classical skepticism:  If
representational contents are carried or constituted only by encodings,
then how can we ever check the accuracy of our representations?  To
check their accuracy would require that we have some epistemic access to
the world that is being represented against which we can then compare
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our encodings, but, by the encodingism assumption, the only epistemic
access to the world that we have is through those encodings themselves.
Thus, any attempt to check them is circularly impotent Ñ the encodings
would be being checked against themselves.

Idealism
A despairing response to this skeptical version of the encoding

incoherence has classically been to conclude that we donÕt in fact have
any epistemic access to the world via our encodings.  We are
epistemically encapsulated in our encodings, and cannot escape them.  In
consequence, it becomes superfluous to even posit a world outside those
encodings Ñ our basic encoding representations constitute all there is of
our world.  This response has historically taken the form of individual
solipsism, or conceptual or linguistic idealism (Bickhard, 1995).  Idealism
is just a version of solipsism in the sense that both are versions of the
assumption that our world is constituted as the basic representations of
that world.  Such ÒsolutionsÓ also yield at best a coherence version of
truth.

Circular Microgenesis
Another perspective on the incoherence problem is the genetic

one.  Skepticism arises from questions concerning confirmation of
encodings; the genetic problem arises from questions concerning the
construction of foundational encodings.  Not only can we not check our
representations against an independent epistemic access to the world, but
we cannot construct them in the first place without such an independent
epistemic access to the world.  Without such independent access, we have
no idea what to construct.  One version of this is the argument against
copy theories of representation:  we cannot construct copies of the world
without already knowing what the world is in order to be able to copy it
(e.g., Piaget, 1970a).

Incoherence Again
The incoherence problem itself focuses not on how encoding

representations can be checked, nor on which ones to construct, but rather
on the more foundational problem of how any representational content
can be provided for a foundational encoding, and, thus, on how any
logically independent encoding could exist at all.  The answer is simple: it
canÕt:
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¥ There is no way to specify what such an encoding is supposed to
represent;

¥ There is no way to provide it with any representational content;
¥ Thus, there is no way for it to be constituted as an encoding

representation at all.
Non-derivative, logically independent, foundational, encodings are
impossible.  To postulate their existence, either explicitly, or implicitly as
a presupposition, is to take a logically incoherent position.

Emergence
The root problem of encodingism is that encodings are a means

for changing the form of representation Ñ defining Ò¥ ¥ ¥Ó in terms of ÒSÓ
changes the form, and allows new things to be done:  Ò¥ ¥ ¥Ó can be sent
over a telegraph wire, while ÒSÓ cannot.  This is unexceptionable in itself.
It becomes problematic only when encodings are taken as the
foundational form of representation.

Encodingism encounters all of its circularities and incoherences at
this point because encodings can only transform, can only encode or
recode, representations that already exist.  Encodingism provides no way
for representation to emerge out of any sort of non-representational
ground.  Encodings require that representations already be available in
terms of which the encodings can be constructed.

To attempt or to presuppose an encodingism, then, is to commit
the circularity of needing to have representation before you can get
representation, and the incoherence of needing to know what is to be
represented before you can know what is to be represented (Bickhard,
1991b, 1991c, 1993a, in press-b).  A strict encodingism requires that
encodings generate emergent representations, and that is impossible for
encodings.

On the other hand, there is no question concerning the fact that
representation exists, and, for that matter, that encodings exist.
Representational emergence, therefore, has occurred.  At some point or
points in evolution Ñ and perhaps repeatedly in learning and
development Ñ representation emerged and emerges out of non-
representational phenomena.  These earliest forms of representation could
not be encodings, since encodings require that what they represent be
already represented, and, therefore, encodingism cannot in principle
account for this emergence.  A strict encodingism, in fact, implies that
emergence is impossible (Bickhard, 1991b, 1993a).
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The Concept of Emergence.  The notion of emergence invoked
here is nothing mysterious (though it can be conceptually complex:
Bickhard, 1993a; Horgan, 1993; OÕConner, 1994).  It simply refers to the
fact that some sorts of things once did not exist, and now they do.  At
some point, they must have come into existence.  If something that is of a
different sort from what has existed before (even what has existed before
locally, though the basic point can be made at the level of the whole
universe) comes into existence, then that sort, or an instance of that sort,
has emerged.  Such a notion applies to molecules, galaxies, solar systems,
patterns in self organizing systems, life, consciousness, and
representation, among myriads of others.  None of them existed at the Big
Bang and they all do now.  They have all emerged.

In most of these cases, we have some understanding of how they
emerged, or at least of how they could in principle emerge.  Such models
of emergence are part of the general project of naturalism Ñ of
understanding the world in natural terms.  In many of these cases, the
understanding of emergence required a shift from a basic substance model
of the phenomena involved Ñ e.g., life as vital fluid Ñ to a process
model Ñ e.g., life as a form of open system process.  Basic substances
cannot emerge.  The GreeksÕ earth, air, fire, and water could not
themselves emerge, but had to be in existence from the beginning.
Substance approaches make emergence impossible to model Ñ the basic
substances are simply among the primitives of the approach.

That something has emerged is not strongly explanatory.  It is a
minimal explanation in that it explains why that something is existing
now.  But explanations themselves require explanations, and the fact of
emergence is often not itself easily explained.  The details of the
emergence of life, for example, are still an open question.  Substance
models, however, have the consequence that any substance emergence is
simply impossible, and close off the exploration before it can begin.
Emergence, then, is neither strongly explanatory, nor is it mysterious.
Emergence is simply a fact for many sorts of phenomena that itself needs
to be explained, but that cannot be explained within a substance approach.

Representation has emerged, undoubtedly, countless times since
the origin of the universe, though once is enough for the basic point.
Representation, however, is still standardly conceptualized in substance
terms Ñ in terms of basic representational atoms out of which all other
representations are constructed.  The origin of the atoms themselves is
mysterious, and must remain so as long as they are treated as
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fundamental, because there is no way for them to emerge.  Encodingism
is built exactly on such an assumption of basic representational atoms Ñ
correspondence atoms Ñ out of which other representations are to be
constructed.  But encodingism cannot account for the origin of those
atoms.  Encodingism presupposes such atoms rather than explaining them
Ñ that is its basic circularity.

Strict encodingism, therefore, cannot be true.  There must be some
other sort of representation that is capable of emergence, and, therefore, is
not subject to the incoherence and circularities of encodingism.





4
Responses to the Problems of
Encodings

FALSE SOLUTIONS

There have been, and currently are, a number of attempted
solutions to partial realizations of the difficulties with encodings.  Most
commonly, however, the full incoherence of encodingism is not
understood.  Instead, some partial or distorted problematic consequence
of the incoherence of encodingism is noted, and some correspondingly
partial or distorted solution is proposed.

Innatism
One common response derives from the recognition that it is

impossible to create, within encodingism, an encoding with new
representational content.  At best, derivative encodings can be constructed
that stand-in for new combinations of already present encodings.  But this
implies that an epistemic system is intrinsically limited to some basic set
of encodings and the possible combinations thereof.  That is, the
combinatoric space defined by a set of basic encoding generators
constitutes the entire possible representational world of an epistemic
system.  Because that basic generating set of independent encodings
cannot be itself generated by any known model of learning, so the
reasoning goes, it must be genetically innate; the basic set of encoding
representations must have been constructed by evolution (Fodor, 1981b).

One further consequence is that no interesting epistemic
development is possible in any epistemic system (including human
beings) because everything is limited to that innately specified
combinatoric space.  Another is the likelihood that the basic space of
potential representations that are possible for human beings is limited
concerning the sorts of things it can and cannot represent, and, thus, that
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human beings are genetically epistemically limited to certain fixed
domains of knowledge and representation (Fodor, 1983).  Because these
are fairly direct consequences of encodingism, Artificial Intelligence and
Cognitive Science are intrinsically committed to them.  But recognition of
these consequences seems to have been limited at best.  On the other
hand, cognitive developmental psychology has been strongly seduced by
them (see Campbell & Bickhard, 1986, 1987; Bickhard, 1991c).

The flaw in the reasoning, of course, is that the problem with
encodings is logical in nature Ñ an incoherence, in fact Ñ and cannot be
solved by evolution any better than it can be solved by individual
development.  Conversely, if evolution did have some mechanism by
which it could avoid the basic incoherence Ñ if evolution could generate
emergent representations Ñ then individuals and societies could avail
themselves of that same mechanism.  The assumption that the problem
can be pushed off onto evolution invalidates the whole argument that
supposedly yields innatism in the first place (Bickhard, 1991c).

Methodological Solipsism
A different run around the circular incoherence of encodingism

yields an argument for methodological solipsism (Fodor, 1981a).  Here,
encodings are defined in terms of what they represent.  But that implies
that our knowledge of what is represented is dependent on knowledge of
the world, which, in turn, is dependent on our knowledge of physics and
chemistry.  Therefore, we cannot have an epistemology until physics and
chemistry are finished so that we know what is being represented.

This, however, contains a basic internal contradiction: we have to
know what is being represented in order to have representations, but we
canÕt know what is being represented until physics and chemistry are
historically finished with their investigations.  Fodor concludes that we
have a methodological solipsism Ñ that we can only model systems with
empty formal symbols until that millennium arrives.  But how do actual
representations work?  1)  We canÕt have actual representations until we
know what is to be represented.  2)  But to know what is to be represented
awaits millennial physics.  3)  But physics cannot even begin until we
have some sort of representations of the world.  4)  Hence, we have to
already have representation before we can get representation.  FodorÕs
conclusion is just a historically strung out version of the incoherence
problem Ñ another reductio ad absurdum disguised as a valid conclusion
about psychology and epistemology.  ItÕs an example of a fatal
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problematic of encodingism elevated to a purported solution to the
problem of how to investigate representational phenomena.

Direct Reference
Another response to the impossibility of providing

representational content to basic encodings has been to postulate a form
of representation that has no representational content other than that
which it encodes.  The meaning of such an encoding is the thing that it
represents.  There is no content between the encoding element and the
represented.  Such Òdirect encodingsÓ are usually construed as some form
of true or basic Ònames,Ó and have been, in various versions, proposed by
Russell (1985), the early Wittgenstein (1961), Kripke (1972), and others.
Again, this is a fairly direct attempt to solve the incoherence problem, but
it seems to have been limited in its adoption to philosophy, and has not
been much developed in either Artificial Intelligence or in Cognitive
Science (though an allusion to it can be found in Vera & Simon, 1993).

Direct reference clearly simply sidesteps the incoherence problem.
No way is provided by which such names could come into being, nor how
they could function Ñ how an epistemic system could possibly create or
operate with such contentless representations.  How are the ÒthingsÓ Ñ
which purportedly constitute the content of the names Ñ to be known as
the contents of those names?  A classic philosophical stance to this
question has been that that is a problem for psychology and is of no
concern to philosophy.  But if direct reference poses a problem that is
logically impossible for psychology to solve, then it is illegitimate for
philosophy to postulate it.  Philosophy can no more push its basic
epistemic problems off onto psychology (Coffa, 1991) than can Artificial
Intelligence or psychology push them off onto evolution.

External Observer Semantics
Another response to the incoherence of encodings, and one

currently enjoying an increasing popularity, is to remove all basic issues
of representation outside of the systems or models being constructed, and
simply leave them to the observer or the user of the system to be filled in
as required.  The observer-user knows that certain of the inputs, and
certain of the outputs, are in such-and-such a correspondence with certain
things in the world, and are thus available to be taken by that observer-
user as encodings of those things in the world.  There is no reason to
postulate the necessity of any actual representations inside the system at
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all.  As long as it yields outputs that can be used representationally by the
observer-user, that is sufficient.  It is not even necessary to postulate the
existence inside the system of any elements that have any particular
correspondence to anything outside the system.  And it is certainly not
necessary to consider the possibility of elements inside the system that
have the known such correspondences that would constitute them as
encodings (again, for the observer-user to whom those correspondences
were known) (Kosslyn & Hatfield, 1984).

This stance, however, does not solve any of the problems of
representation, it simply avoids them.  Pushing the representational issue
outside of the system makes phenomena such as the generation of
representational content, and intensional stances with regard to
representational content, impossible to even address.  It explicitly passes
them to the observer-user, but provides no model of how any epistemic
observer-user could possibly make good on the problem that has been
passed to it.  Among other consequences, this renders such an approach
helpless in the face of any of the fundamental representational problems
of observer-users.  If we want to understand observers themselves, we
cannot validly do so only by adversion to still further observers.

Internal Observer Semantics
The more ÒtraditionalÓ solution to the problem of representation

within Artificial Intelligence and Cognitive Science has been to postulate
not only representational correspondences for the inputs and the outputs
of the system, but also for various elements internal to the system itself.
Elements internal to the system are taken to be encodings that are
manipulated and transformed by the systemÕs operations.

Insofar as the encoding status of these elements is taken to be
unproblematic, this is simply naive.  Insofar as these elements are taken to
be encodings by virtue of their being in factual correspondences with
what they represent Ñ the most common stance Ñ it simply ignores the
issue of how those correspondences are known or represented, and, in
particular, how what those correspondences are with are known and
represented.  However factual such correspondences may be, the
representation of such correspondences occurs only for the designer or
observer or user, and, therefore, the internal elements (as well as the
inputs and outputs) constitute encodings only for those designer-observer-
users, not for the system itself (e.g., Newell, 1980a; Nilsson, 1991).
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Factual correspondences do not intrinsically constitute epistemic,
representational correspondences.

Allowing correspondences between internal states and the world
may allow for the simulation of certain intensional properties and
processes (those that do in fact involve explicit encoded representational
elements in real epistemic systems Ñ though there is reason to question
how commonly this actually occurs), but ultimately the representational
contents are provided from outside the model or system.  Neither the
external nor the internal observer-semantics view provides any approach
to the foundational emergence or provision of representational content.

Some version of an observer semantics, whether external or
internal, is in fact the correct characterization of the representational
semantics of programs and their symbols.  All such semantics are
derivative and secondary from that of some already intentional, already
representational observer Ñ designer, user, or whatever.  This is a
perfectly acceptable and useful stance for design, use, and so on.  But it is
a fatal stance for any genuine explication or explanation of genuine
representation Ñ such as that of the observer him- or herself Ñ and is
impossible for actually trying to understand or construct intentional,
representational, systems.

Observer Idealism
Standard approaches to the problem of representational contents

typically either ignore it or hide it.  In contrast, there is a radical approach
that focuses explicitly on the observer dependence of encodings.  Here,
dependence on the observer-user for representational content becomes the
purported solution to the problem Ñ the only solution there is.
Representational relationships and representational contents are only in
the ÒeyeÓ or mind of the observer or user.  They are constituted by the
observer-user taking elements in appropriate ways, and have no other
constitution (e.g., Maturana & Varela, 1980).

Unfortunately, this approach simply enshrines an observer
idealism.  Such an observer is precisely what we would ultimately want
Artificial Intelligence and Cognitive Science to account for, and such an
observer idealism is in effect simply an abandonment of the problem Ñ
representation only exists for observers or users, but observers and users
themselves remain forever and intrinsically unknowable and mysterious.
Construing that observer as an intrinsically language-using observer
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(Maturana & Varela, 1987) does not change the basic point:  at best it
segues from an individual observer idealism to a linguistic idealism.

Simulation Observer Idealism
A superficially less radical approach to the problem in fact

amounts to the same thing, without being quite as straightforward about
it.  Suppose that, as a surrogate for an observer, we postulate a space of
representational relationships Ñ say, inference relationships among
propositions Ñ of such vast extent that, except for the basic input (and
output) connections with the world, that structure of relationships itself
constitutes Òrepresentationality,Ó and, furthermore, constitutes the
carrying of representational content.  Then suppose we postulate:  1) a
system of causally connected processes for which the network of causal
relationships exactly matches the network of representational
(propositional) relationships, and 2) that this system is such that the
causal input and output relationships exactly match the epistemic input
and output relationships.  Finally, we propose that it is precisely such a
match of causal with epistemic relationships that constitutes
representation in the first place (e.g., Fodor, 1975, 1983; Pylyshyn, 1984).

Unfortunately, this approach simply defines representation in
terms of matching relationships between causal phenomena and logically
prior representational phenomena.  As an explication of representation,
this is circular.  There is no model or explication of representational
phenomena here Ñ they are presupposed as that-which-is-to-be-
corresponded-to, hence they are not addressed.  The approach is at best
one of simulation, not of explication.

The sense of this proposal seems to be that sufficient causal
simulation will constitute instantiation, but the conceptual problem here is
that the representational phenomena and properties to be simulated must
be provided before the simulation/instantiation can begin.  Representation
is constituted by a causal match with representation, but there is no model
of the representational phenomena and relationships that are to be
matched.  Those representational phenomena and properties are, of
course, provided implicitly by the observer-user, and we discover again
an observer idealism, just partially hidden in the surrogate of
representational (propositional) relationships.
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SEDUCTIONS

Transduction
Another important and commonly attempted solution to the

problem of representational content is that of transduction.  This is
perhaps the most frequently invoked and most intuitively appealing Ñ
seductive Ñ Òsolution,Ó but it fares no better.  Transduction is technically
a transformation of forms of energy, and has no epistemic meaning at all.
As used in regard to representational issues, however, it is taken as the
foundational process by which encodings acquire representational
contents.

The basic idea is that system transducers Ñ such as sensory
receptors Ñ receive energy from the environment that is in causal
correspondence with things of importance in that environment.  They then
ÒtransduceÓ that energy into internal encodings of those things of
importance in the environment.  At the lowest level of transduction, these
fresh encodings may be of relatively limited and proximal things or
events, such as of light stimulations of a retina, but, after proper
processing, they may serve as the foundation for the generation of higher
order and more important derivative encodings, such as of surfaces and
edges and tables and chairs (e.g., Fodor & Pylyshyn, 1981).  In apparent
support for this notion of transduction, it might even be pointed out that
such transduction encoding is ÒknownÓ to occur in the neural line (axon)
and frequency encoding of the sensory inputs, and is ÒeasilyÓ constructed
in designed systems that need, for example, encodings of temperature,
pressure, velocity, direction, time, and so on.

What is overlooked in such an approach is that the only thing an
energy transduction produces is a causal correspondence with impinging
energy Ñ it does not produce any epistemic correspondence at all.
Transduction may produce correspondences, but it does not produce any
knowledge on the part of the agent of the existence of such
correspondences, nor of what the correspondences are with.  Transduction
may be functionally useful, but it cannot be representationally
constitutive.  Again, it is the observer or user who knows of that
discovered or designed transductive correspondence, and can therefore
use the generated elements, or consider the generated elements, as
encodings of whatever they are in correspondence with (Bickhard, 1992a,
1993a).
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Correspondence as Encoding:
Confusing Factual and Epistemic Correspondence

We consider here the most common error yielding naive
encodingism:  that discovered or designed factual correspondences (they
do not have to be causal, e.g., Dretske, 1981) intrinsically constitute
encodings.  This error overlooks the fact that it is the observer or user
who knows that correspondence, and therefore knows what the
correspondence is with,2 and therefore can construct the encoding
relationship.  The transduction model is simply a special case of this
general confusion and conflation between factual correspondence and
representation.

There is no explanation or explication in the correspondence
approaches of how the system itself could possibly have any
representational knowledge of what those correspondences are with, or
even of the fact that there are any such correspondences Ñ of how the
system avoids solipsism.  There is no explanation or explication of how
the Òelements that are in correspondenceÓ Ñ e.g., products of
transductions Ñ could constitute encodings for the system, not just for the
observer-user (see Bickhard, 1992a, 1993a; Bickhard & Richie, 1983, for
discussions of these and related issues).

That is, however much it may be that some changes internal to the
system do, in fact, track or reflect external changes (thus maintaining
some sort of correspondence(s) with the world), how the system is
supposed to know anything about this is left unanalyzed and mysterious.
Factual correspondences and factual covariations Ñ such as from
tracking Ñ can provide information about what is being covaried with,
but this notion of information is purely one of the factual covariation
involved.  It is a mathematical notion of Òbeing in correlation with.Ó

To attempt to render such factual information relationships as
representational relationships, however (e.g., Hanson, 1990), simply is the
problem of encodingism.  Elements in covariational or informational
factual relationships do not announce that fact, nor do they announce
what is on the other end of the covariational or informational
correspondences.  Any attempt to move to a representational relationship,
therefore, encounters all the familiar circularities of having to presuppose
knowledge of the factual relationship, and content for whatever it is on the
                                                
2   Ñ and therefore has a bearer of the representational content for what the
correspondence is with, and therefore can use that bearer to provide that content to the
internal element-in-factual-correspondence Ñ
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other end of that relationship, in order to account for any representational
relationship at all.  Furthermore, not all representational contents are in
even a factual information relationship with what they represent, such as
universals, hypotheticals, fictions, and so on (Fodor, 1990b).  Information
is not content; covariation is not content; transduction is not content;
correspondence is not content.  An element X being in some sort of
informational or covariational or transduction or correspondence
relationship with Q might be one condition under which it would be
useful to a system for X to carry representational content of or about Q,
but those relationships do not constitute and do not provide that content.
Content has to be of some different nature, and to come from somewhere
else.





5
Current Criticisms of AI and
Cognitive Science

The troubles with encodingism have not gone unnoticed in the
literature, though, as mentioned earlier, seldom is the full scope of these
problems realized.  Innatism, direct names, and observer idealism in its
various forms are some of the inadequate attempts to solve the basic
incoherence.  They have in common the presupposition that the problem
is in fact capable of solution Ñ they have in common, therefore, a basic
failure to realize the full depth and scope of the problem.  There are also,
however, criticisms in the literature that at least purport to be Òin
principleÓ Ñ that, if true, would not be solvable.  Most commonly these
critiques are partially correct insights into one or more of the
consequences of the encodingism incoherence, but lack a full sense of
that incoherence.  When they offer an alternative to escape the difficulty,
that ÒalternativeÓ itself generally constitutes some other incarnation of
encodingism.

AN APORIA

Empty Symbols
One recognition of something wrong is known as Òthe empty

symbol problemÓ (Block, 1980; see Bickhard & Richie, 1983).  There are
various versions of this critique, but they have in common a recognition
that contemporary Artificial Intelligence and Cognitive Science do not
have any way of explicating any representational content for the
ÒsymbolsÓ in their models, and that there may not be any way Ñ that the
symbols are intrinsically empty of representational content.  There is
perplexity and disagreement about whether this symbol emptiness can be
solved by some new approach, or if it is an intrinsic limitation on our
knowledge, or if the only valid stance regarding its ultimate solvability is
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simply agnosticism.  In any case, it is a partial recognition of the
impossibility of an ultimate or foundational representational content
provider within encodingism.

ENCOUNTERS WITH THE ISSUES

Searle
The Chinese Room.  SearleÕs Chinese room problem is another

form of critique based on the fact that formal processes on formal (empty)
symbols cannot solve the problem of representation (Searle, 1981) Ñ
cannot ÒfillÓ those empty symbols with content.  The basic idea is that
Searle, or anyone else, could instantiate a system of rules operating on
ÒemptyÓ Chinese characters that captured a full and correct set of
relationships between the characters input to the system and those output
from the system without it being the case that Searle, or ÒSearle-plus-
rules,Ó thereby understood Chinese.  In other words, the room containing
Searle-executing-all-these-rules would receive Chinese characters and
would emit Chinese characters in such a way that, to an external native
speaker of Chinese, it would appear that someone inside knew Chinese,
yet there would be no such ÒunderstandingÓ or ÒunderstanderÓ involved.

The critique is essentially valid.  It is a phenomenological version
of the empty symbol problem:  no system of rules will ever constitute
representational content for the formal, empty symbols upon which they
operate.  SearleÕs diagnosis of the problem, however, and,
correspondingly, his rather vague Òsolutions,Ó miss the incoherence of
encodingism entirely and focus on some alleged vague and mysterious
epistemic properties of brains.

The diagnosis that we offer for the Chinese room problem is in
three basic parts:  First, as mentioned, formal rules cannot provide formal
symbols with representational content.  Second, language is intrinsically
not a matter of input to output processing Ñ see below Ñ thus, no set of
input-to-output rules adequate to language is possible.  And third, genuine
representational semantics, as involved with language or for any other
intentional phenomena Ñ as we argue below Ñ requires the capability
for competent interactions with the world.  This, in turn, requires, among
other things, skillful timing of those interactions.  Searle reading,
interpreting, and honoring a list of formal input-output rules provides no
principled way to address such issues of timing.

The robot reply to Searle emphasizes the necessity for interaction
between an epistemic system and its world, not just input to output
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sequences.  That is, the claim is that SearleÕs Chinese room misses this
critical aspect of interaction (Searle, 1981).  Our position would agree
with this point, but hold that it is not sufficient Ñ among other concerns,
the timing issue per se is still not addressed.

In SearleÕs reply to the robot point (Searle, 1981), for example, he
simply postulates Searle in the head of an interacting robot.  But this is
still just Searle reading, interpreting, and honoring various input to output
rules defined on otherwise meaningless input and output symbols.  The
claim is that, although there is now interaction, there is still no
intentionality or representationality, except perhaps SearleÕs
understanding of the rules per se.  Note that there is also still no timing.

Simulation?  Our point is here partially convergent with another
reply to Searle.  Searle accuses strong Artificial Intelligence of at best
simulating intentionality Ñ the reply to Searle accuses SearleÕs Chinese
room, whether in the robot version or otherwise, of at best simulating
computation (Hayes, Harnad, Perlis, & Block, 1992; Hayes & Ford, in
preparation).  The focus of this point is that Searle is reading, interpreting,
and deciding to honor the rules, while genuine computation, as in a
computer, involves causal relationships among successive states, and
between processing and the machine states that constitute the program.  A
computer running one program is a causally different machine from the
same computer running a different program, and both are causally
different from the computer with no program (Hayes, Ford, & Adams-
Webber, 1992).

SearleÕs relationship to the rules is not causal, but interpretive.  In
effect, Searle has been seduced by the talk of a computer ÒinterpretingÓ
the ÒcommandsÓ of a program, so that he thinks that Searle interpreting
such commands would be doing the same thing that a computer is doing.
If a computer were genuinely interpreting commands in this sense,
however, then the goal of intentional cognition would be realized in even
the simplest computer ÒinterpretingÓ the simplest program.  A program
reconfigures causal relationships in a computer; it does not provide
commands or statements to be interpreted.  Conversely, Searle does
interpret such commands.  He is at best simulating the causal processes in
a computer.

Timing.  In this reply to Searle, however, what is special about
such causality for mind or intentionality or representation is not clear.
We suggest that it is not the causality per se that is at issue Ñ control
relationships, for example, could suffice Ñ but that there is no way of
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addressing timing issues for interactions within the processes of SearleÕs
interpreting activities.  Furthermore, we argue below that this deficiency
with regard to timing is shared by theories of formal computation, and
thus, in this sense we end up agreeing with Searle again.  In general, we
accept SearleÕs rooms and robots as counterexamples to formal
computational approaches to intentionality, but do not agree with either
SearleÕs or other available diagnoses of the problem.

Interactive Competence.  Note that Searle in the robot, or the
room, could in principle be in a position to try to learn how to reproduce
certain input symbols.  More generally, he could try to learn how to
control his inputs, or the course of his input-output interactions, even if
they would still be meaningless inputs and outputs per se.  If he were to
learn any such interactive competencies, we claim he would in fact have
learned something.  Exactly what he would have learned, and especially
how it relates to issues of representation, is not obvious.  And, further, to
reiterate, there would still be no timing considerations in any such
interactions by Searle in his box.  Nevertheless, we hold that something
like this sort of interactive learning, especially when adequate interactive
timing is involved, is the core of genuine representation and
intentionality.3

Searle on the Mind.  More recently, Searle (1992) has presented
a major attack on cognitivism in a broad sense.  Searle takes a number of
positions and develops several arguments with which we are in
agreement.  He points out that, so long as syntax and computation are
matters of ascription by an intentional agent, rather than being intrinsic,
then any accounts of intentionality in terms of syntax or computation
commit the homunculus fallacy Ñ i.e., they account for intentionality
with recourse to an intentional (homuncular) agent.  He argues at length
that syntax and computation are and must be such matters of ascription.
Furthermore, SearleÕs discussion of his notion of the Background, and the
sense in which it is necessary to more explicit intentionality, has
intriguing resemblances to the implicit representationality of interactive
skill intentionality (see the discussion of Dreyfus below).  Our discussion
does not proceed with the focus on consciousness that Searle advocates,
but, nevertheless, there are several convergences.

On the other hand, Searle also takes a number of positions that we
find troublesome.  He endorses connectionism as somehow avoiding the
                                                
3   Note the parallel with neural inputs and outputs Ñ they too are meaningless per se,
but does not preclude the interactions that they participate in from being meaningful.
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problems that he attributes to cognitivism, missing the point that
connectionist ÒrepresentationsÓ are just as much subject to the
homunculus problem as those of standard cognitivism (for a less sanguine
evaluation of connectionism by Searle, see his comments in Searle, 1990;
Harnad, 1993a).  He claims that functions are intrinsically ascriptive
properties, and have no observer independent reality Ñ sliding over the
contribution that functions internal to a system can make to the very
existence of the system itself, independent of any observer of that system
(Bickhard, 1993a).  And he continues to rely on mysterious, or at least
undeveloped, notions of the brain ÒcausingÓ consciousness.  His analogy
with water molecules causing the liquidity of the water is not a
clarification: is this supposed to be efficient causality?  If so, how?  If not,
then just what is Searle trying to say?  Overall, we find ourselves in
agreement with much of the general spirit of SearleÕs attack on
cognitivism, but not at all in agreement with many of the specific
arguments that he makes and positions that he takes.

The Cartesian Gulf.  A major error that seems to underlie
SearleÕs discussion is a rarely noticed relic of Cartesianism.  It is not so
much the assumption or presupposition that consciousness is a substance,
but, rather, the assumption or presupposition that there is one singular
gulf between the mental and the non-mental.  Most commonly, this
appears in the form of assuming that all mental properties must occur
together: that a system that has one mental property must have them all.
In contrast, we suggest (Bickhard, 1992c; see also the discussion of the
evolutionary foundations of interactivism below) that there are many
properties and processes of mentality, and that they have evolved in
succession rather than having come into existence all at once at some
unknown point in evolution.  If so, then these multiple aspects of
mentality will not form an indifferentiable unity.  They will not be
completely independent, since some will arguably require others to
already exist Ñ for their own existence or their own emergence Ñ but
mentality will form a perhaps multi-stranded evolutionary hierarchy of
properties and processes rather than a single conceptual and evolutionary
saltation.

The absence of any attempt on SearleÕs part to define
consciousness is, on the one hand, understandable, but, on the other hand,
provides a spacious hiding place for presuppositions such as the one that
mentality is itself intrinsically unitary, with ÒconsciousnessÓ at its
essential core.  SearleÕs acknowledgement that it is not clear how far
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down the evolutionary hierarchy consciousness might be found to extend
appears to be one manifestation of this presupposition and of the sorts of
perplexities that it can yield.  What if some organisms exhibit perception
or memory, but not consciousness?  Is it possible for learning or emotions
to occur without consciousness?  The unitariness of SearleÕs
undefinedness of consciousness makes such questions difficult to pose
and to address.

Gibson
GibsonÕs critiques of standard approaches to perception have

explicitly presented encodingismÕs necessity for an interpreter of
representational content, and the necessity for a provider of
representational content is implicit in another of his arguments (Bickhard
& Richie, 1983).  Gibson does not, however, develop the connection
between these problems and encodingism per se.  GibsonÕs critical stance,
in fact, was overstated in such a way as to commit him to a version of
encodingism Ñ ÒdirectÓ perception Ñ in spite of his genuine and
important partial insights into an alternative to encodingism (Bickhard &
Richie, 1983).  It should be noted that encodingismÕs need for an
interpreter has nothing to do with whether such interpretation is or is not
conscious.  Gibson sometimes sounds as if that is what he is concerned
with, and that is often how he is interpreted by critics (e.g., Ullman, 1980;
Manfredi, 1986).  Nonetheless, the basic issue is epistemic Ñ the stand-in
or carrier relationship must be interpreted in order for the representational
content to function as such, whether or not such interpretation is
conscious.

In spite of such problems, Gibson has provided the core of a non-
encoding approach to perception (Bickhard & Richie, 1983).  This is a
major advance, especially since presumed sensory Ñ perceptual Ñ
transduction is one of the strongest domains of encoding intuitions and
models.

Piaget
Throughout his career, Jean Piaget argued against simple encoding

models of knowledge.  He explicitly presented the genetic argument
against copy theories (e.g., Piaget, 1970a).  His reliance on structuralism
and, later, on information processing approaches, however, carried their
own commitments to encodingism deep into his own epistemology
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(Bickhard, 1988a; Campbell & Bickhard, 1986; Bickhard & Campbell,
1989).

PiagetÕs encodings, however, contained two rare and critically
important insights.  First, he recognized that representation must be
grounded in and emergent from action.  Second, he recognized that the
most important form of knowledge was knowledge of potentialities Ñ
knowledge of potential actions, of the organization of potential
transformations of environmental states, in PiagetÕs view Ñ rather than
passive knowledge of environmental actualities.  These insights, along
with PiagetÕs strong arguments for the necessity of the active construction
of representations rather than their passive ÒimpressionÓ from the
environment, moved Piaget far from a simple encodingism, but he was
nevertheless unable to fully escape it.

PiagetÕs model of perception, for example, involves
straightforward sensory encodings, while his notion of representational
scheme involves structurally isomorphic correspondences with what is
being represented (Bickhard, 1988a; Campbell & Bickhard, 1986;
Bickhard & Campbell, 1989; M. Chapman, 1988).  PiagetÕs argument
against copy theories (Piaget, 1970a) points out that we would have to
already know what we were copying in order to construct a copy of it Ñ a
circularity Ñ so no notion of copying can solve the representational
problem.  But he then argues for representation as structural isomorphism
with what is represented Ñ something that sounds very much like a copy.
PiagetÕs focus here was not on the nature of representation, but, rather on
the nature of representational construction.  Copying Ñ passive
impression from what is to be represented Ñ does not work.  Instead,
representation must be constructed.  But what is constructed, rather than
copied, is still an isomorphic structure of correspondences Ñ a copy.

We do not accept PiagetÕs basic notions of representation, but his
constructivism is an essential part of understanding how the world is
represented.  If the ontogenetic or phylogenetic development from the
most primitive representation Ñ those of infants or primitive animals Ñ
to the most complex human adult representation cannot be understood
within some purported model of representation, then no part of that
purported model of representation is secure.  Any model that cannot in
principle account for such evolution and development of adult
representation cannot be correct.  PiagetÕs constructivism provides the
skeleton for understanding that development (Piaget, 1954; Campbell &
Bickhard, 1986; Bickhard & Campbell, 1989).  Artificial intelligence and
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Cognitive Science are still learning one of the fundamental lessons that he
taught:  it does not suffice to take adult representations as theoretical
primitives of representation.

Maturana and Varela
Maturana and Varela have constructed a model of cognition and

language in which they have, with great ingenuity, avoided both the
transduction and the simulation-as-instantiation stances (Maturana &
Varela, 1980, 1987).  Unfortunately, as mentioned above, they have done
so by constructing a pure and explicit observer idealism.  For example,
they correctly do not construe activities of the organism that are in factual
correspondence with entities or events or properties of the environment as
organism encodings for those entities or events or properties, but, instead,
correctly place the recognition of those factual correspondences in an
observer.  They then, however, invalidly conclude that the
representational relationship is constituted only by the distinctions that are
made by such an observer.  As with any observer idealism, this merely
pushes all the basic epistemological issues into the unanalyzed and
unanalyzable mysteries of the observer.

Dreyfus
Dreyfus (1979, 1981; Dreyfus & Dreyfus, 1986) has been a

persistent critic of Artificial Intelligence aspirations and claims.  The
programmatic goals are impossible in principle, in his view, because the
programme is based on fundamental misconceptions of the nature of
understanding and language.  In particular, the presuppositions of explicit,
atomized, and context independent representations that are inherent in
encodingism are deeply misguided and pernicious.  Dreyfus does not
develop his critique as a general critique of encodingism per se, although
there are convergences, but instead brings to bear a hermeneutic
perspective derived primarily from Heidegger (1962; Dreyfus, 1991;
Guignon, 1983).

Atomic Features.  A major focus of DreyfusÕ critique is a
presupposition of information processing approaches:  that the world
contains context independent atomic features Ñ features that can be
context-independently encoded.  The problem is that the world does not
(Dreyfus, 1991; Dreyfus & Haugeland, 1978).  We would agree that it
doesnÕt, and that this is one more reason why encodingism is untenable,
but we would also argue that the fundamental flaws of encodingism
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would remain even if such atomic features did exist in the world.  In
particular, the incoherence problem, among others, would not be altered
by the assumption of such features.  Factual correspondences with atomic
features would still not constitute representations of them even if context
independent atomic features did exist.

Skill Intentionality .  DreyfusÕ notion of skill intentionality,
however, has a strong convergence with the interactive position that we
are proposing as an alternative to encodingism (Dreyfus, 1967, 1982,
1991; Dreyfus & Dreyfus, 1986, 1987).  The basic notion is that the
intentionality of skills, which is usually taken as derivative from and
subsidiary to standard representational intentionalities, whether mental or
linguistic, should instead be taken as the more fundamental form of
intentionality, out of which, and on the foundation of which, other forms
of intentionality Ñ such as representations Ñ are constructed.
Interactivism, in part, involves a convergence with that programmatic
idea (see, for example, Bickhard, 1992c; Bickhard & Richie, 1983).

Criticizing AI .  Dreyfus has been an outspoken voice in critiquing
Artificial Intelligence assumptions and claims.  And history, at least thus
far, has borne out his criticisms over the dismissals of his opponents.  The
lesson of that history, nevertheless, has not yet been learned.  We support
most of the basic criticisms that Dreyfus has made and add some of our
own.  In fact, the encodingism critique yields its own critique of the
typical representational atomism in Artificial Intelligence Ñ and covers
as well contemporary connectionist and analog proposals.

Connectionism.  In contrast to Dreyfus (1992; Dreyfus &
Dreyfus, 1988), then, we are not at all sanguine about the prospects for
contemporary connectionist approaches.  There is, in fact, something
surprising about the major proponent of know-how and skill intentionality
expressing such acceptance of an approach in which most models do not
have any interaction with their environment at all, and, thus, cannot have
any know-how or skill at all.  (Even for those that do involve some form
of environmental interaction, this is an engineering level add-on, and has
no relevance to the basic theory of connectionist representations.)  In the
end, connectionist systems, like Good Old Fashioned AI systems, just
passively process inputs.  The modes of processing differ, but the
arguments we present below show that that difference in mode does
nothing to avoid the fundamental basic problem that afflicts both
approaches equally.
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Situated Cognition Ñ Reinforcement Learning.  Dreyfus
(1992) also expresses interest in the situated cognition of Chapman and
Agre, and in an approach called reinforcement learning.  We share his
judgment that these approaches involve major advances, but,
nevertheless, they too commit the basic encodingism error.
Reinforcement learning, for example, requires (among other things) a
built-in utility function on the inputs Ñ the system has to already know
what inputs to seek, and usually must also have some loss function that is
defined on errors.  Such an approach can be practically useful in certain
circumstances, but, as a general approach, it requires that critical and
potentially complex knowledge be already built into the system before it
can learn.  That is, it requires already existing knowledge in order to learn
knowledge.  It is crucial to realize that this approach does not use these
types of built-in knowledge just for convenience.  Rather, the built-in
knowledge is essential for the later learning of the system, and the model
offers no account of how the initial knowledge can be learned.  As a
general approach, this immediately yields a vicious infinite regress Ñ the
regress of impossible emergence.

We claim to provide a model that does not fall to these
problematics, and, in fact, does provide an approach to know-how and
skill intentionality.  In effect, we agree with Dreyfus about the necessity
for some sort of holism in addressing human-level intentionality, but
disagree about its ultimate importance.  Holism without interaction, such
as in connectionist systems, does not avoid the incoherence problem.
Conversely, interactivism easily covers many ÒholisticÓ phenomena (see,
for example, the discussions of the frame problems below, or of an
interactive architecture), but a kind of holism is a consequence, not the
core, of the interactive approach.

Hermeneutics
Historically, hermeneutics derives from the interpretation and

understanding of historical texts; it emphasizes the intrinsic situatedness
of all understanding, and the intrinsic linguistic and historical nature of all
such situations of understanding (Bleicher, 1980; Gadamer, 1975, 1976;
Howard, 1982; Warnke, 1987).  Understanding is inextricably embedded
in linguistic historical situations because understanding is always a matter
of hermeneutic interpretation and reinterpretation Ñ interpretation and
reinterpretation, in turn, is always in terms of language, and is, therefore,
intrinsically constituted within and from the social, cultural, and historical
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sedimented ontology of that language.  To try to eliminate that context-
dependent embeddedness in language and history in favor of atomized,
finite, context independent representations inevitably does radical
violence to the ontologies involved.

Clearly there is a general convergence between the hermeneutic
position and the encoding critique proposed here (and it is even stronger
when the alternative to encodingism that we offer is considered), but there
is also a danger which hermeneutics does not seem to have avoided.  If
understanding is ontologically a matter of interpretation, and
interpretation is ontologically constituted in terms of historically situated
language, then it is seductive to conclude that all understanding is
linguistic in nature, and, therefore, that language provides and
circumscribes our epistemology and our world.  In other words, it is
seductive to conclude that: ÒThat which can be understood is language.Ó
(Gadamer, 1975, p. 432), or ÒManÕs relation to the world is absolutely
and fundamentally linguistic in nature.Ó (Gadamer, 1975, p. 432), or Ò ...
we start from the linguistic nature of understanding ... Ó (Gadamer, 1975,
p. 433), or ÒAll thinking is confined to language, as a limit as well as a
possibility.Ó (Gadamer, 1976, p. 127).

Unfortunately, such a position lifts all epistemology and ontology
into the realm of language as an absolute limit Ñ it constructs a linguistic
idealism.  But linguistic idealism is just a variant of observer idealism, it
is a social-linguistic-idealism, a socially located solipsism.  All issues of
the non-language world Ñ of the relationships, both epistemological and
interactive, between the individual and that nonsocial, nonlanguage
world; of the embodiment of the individual in that nonsocial, nonlanguage
world; and, still further, all issues of the nature of the individual as being
materially, developmentally, and epistemologically prior to the social
linguistic world; and of the constitutive and epistemological relationships
of such individuals to that social linguistic world Ñ all such issues are
either ignored, or are rendered as mere issues of interpretation and
discourse within that social linguistic world (Bickhard, 1993b, 1995).

When specifically pressed, Gadamer, and, presumably, most other
hermeneuticists, do not want to deny that non-hermeneutically constituted
reality (e.g., Gadamer, 1975, p. 496), but there is no way within
hermeneutics per se to acknowledge it, or to approach questions as to its
nature or its relationships to the domain of hermeneutics.  In other words,
there is no way to consistently avoid a linguistic idealism.  This can make
it quite difficult to make use of the insights that are present in the
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hermeneutic approach without either explicitly or implicitly committing
to such a linguistic idealism (e.g., Winograd & Flores, 1986).  (This
linguistic idealism of hermeneutics is strongly convergent with the later
Wittgenstein, who is, in fact, sometimes counted as a hermeneuticist [e.g.,
Howard, 1982], even though his historical roots differ from those of
Heidegger and Gadamer.  WittgensteinÕs linguistic idealism, or at least
the possibility of such, is discussed further in Bickhard, 1987.)



6
General Consequences of the
Encodingism Impasse

REPRESENTATION

The incoherence of encodingism as an approach to the nature of
representation has differing consequences for differing parts of Artificial
Intelligence research and Cognitive Science.  Most centrally, phenomena
of perception, cognition, and language cannot be adequately understood
or modeled from an encoding perspective.  These form the backbone of
cognition as classically understood.  On the other hand, the incoherence
of encodingism arises from the presupposition that encodings form the
essence, or at least a logically independent form, of representation, and
many research goals, especially practical ones within AI, do not
necessarily depend on that programmatic supposition.  Many practical
tasks can be solved quite satisfactorily within a user dependent semantics
for the ÒsymbolsÓ involved Ñ for example, the word processor upon
which this is being written.  But all of the basic programmatic aspirations
of the fields involve representation Ñ essentially Ñ and, therefore, none
of those aspirations can be accomplished with current encodingist
frameworks.

LEARNING

The encodingism presuppositions of explicit, atomized, and
context independent representations are always potentially a problem, and
become more of one the more the task depends on the real properties of
representation, reasoning, understanding, and communication.  One
illustrative domain in which this appears with particular clarity is that of
learning.
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First, note that learning involves the construction of new
representations, but, within encodingism, the only new representations
possible are just new combinations of some original set of observer-user
dependent encodings.  That is, all possible representations-to-be-learned
must be anticipated in the combinatoric space of the generating set of
basic encodings.  This anticipation must be done by the designer in the
case of AI learning research, and by evolution in the case of human
beings.  In practice, anticipations in that space of combinations have
tended to be quite shallow.  But genuinely new representations are
prohibited by the incoherence of new basic encodings, and, in the general
case, reliance on observer-user dependent semantics for the construction
of ÒnewÓ encodings Ñ new elements or atoms Ñ merely abandons the
task of genuine machine learning.

Even in the most sophisticated expert systems, the spaces of
possible problem categorizations and of possible problem solutions are, at
best, simple pre-designed combinatorial spaces, with the possible
combinatorial constructions serving to model the problematic systems
under investigation for purposes such as trouble-shooting, simulation, and
so on (Clancey, 1992c).  In simpler cases, the combinatorial space is flat,
and the expert system heuristically classifies into nominal classes of
predefined problem types with predefined solution types (Clancey, 1985).
As enormously useful as these can be, they do not engage in the learning
of new representational atomic units.

Within an encoding framework, for example, a repair robot would
have to contain in its data structures a combinatoric space of
representations that would be fully adequate to all possible breakdown
situations it might encounter.  If the repair robot, for example, had
encoding atoms only for electrical phenomena, then, no matter how
competent it might be for electrical phenomena, it would be at a loss if the
plumbing leaked, or a support beam buckled, or a brick fell out, or ... just
choose something outside of the given combinatoric space.  This of
course means that the programmer would have to at least implicitly
anticipate the space of all  such possible breakdowns.

Such omniscient anticipations are clearly impossible.  The point of
learning, after all, is to succeed when anticipations have failed.  A repair
robot dependent solely on encodings for its representations would be at a
loss whenever it encountered a novel situation.  This might not render it
totally useless Ñ it might even be extremely useful for most actually
encountered situations in certain circumscribed domains Ñ but it could
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not engage in any true learning, and would likely be frequently helpless in
any but the most closed conditions.  The anticipation problem would be
unboundedly open, for example, concerning the space of possible
breakdowns on an unmanned space station.

A second sense in which encodingism makes genuine learning
impossible turns on the fact that learning requires error, and genuine error
cannot be defined in a strict input-processing encoding system.  Error
requires some standard, from the perspective of the system itself, that can
be successfully satisfied or fail to be satisfied.  Learning ultimately turns
on how to avoid such error.  Learning requires some sort of constructive
variation of system organization so long as errors are encountered.

User or designer provided error criteria simply import from
outside the system the necessary supplements for learning to occur.
These are no more a general solution to the problem of learning than a
user or designer semantics is a solution to the problem of representation.
Learning with designer provided error criteria is also fixed, unless further
user or designer interventions occur: such a system cannot learn new
kinds of errors.

A system with designer provided error (goal) criteria and designer
provided combinatoric data spaces could use feedback to select from
within that combinatoric data space some combination that minimizes the
defined error.  Selection from pre-defined spaces of possibilities on the
basis of feedback about pre-defined goals or error criteria is what is called
learning within the framework of Machine Learning.  Again, this might
be very useful in some circumstances.  But it cannot be a general
approach to or solution to learning because it requires all of the prior
knowledge of what counts as error and success, and what the anticipatory
combinatoric space is that supposedly contains the solution, to be already
provided to the system before the system can function at all.  This
approach, then, involves massive requirements of prior knowledge in
order to get knowledge.  It is really ÒjustÓ the exploration of a predefined
space for a satisfaction to a predefined criterion Ñ at best, a very weak
and limited form of learning.  No learning of genuinely new error criteria,
and no learning outside of the predefined combinatoric space, is possible.

The requirement for error criteria and error signals in order for
learning to occur yields further problems for encoding approaches.  We
illustrate with three of them.  The first is that a strict encoding system will
simply encode in some way or another (or fail to encode) all inputs.
Without something in addition to the processing of encoded inputs into
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other encodings, there is no way to classify some inputs as simply inputs
to be processed, and some as constituting success or error.  The very
distinction between a feedback input and Òjust another input to be
encoded and processedÓ must itself be pre-built into the system.  Inputs
are inputs for an encoding system, and that is all there is.  Learning
requires error, and error requires criteria that encodingism per se cannot
provide.  Error is not just one more thing to be encoded.

A shift in perspective on this same point highlights our second
point, an encounter of encodingism with skepticism in the context of
learning.  Learning in any general sense is in response to error, but if a
system is a strict, passive, encoding system, then it has no way to check if
its encodings are in error.  If such a check is attempted, the system will
simply re-encode in the same way Ñ a way that is potentially errorful
from an observer perspective.  The system itself, however, has no way of
distinguishing such Òerror.Ó  The system cannot check its encodings
against what is supposed to be encoded; at best, it will simply Òencode
again.Ó  A pure encoding system is caught in a solipsistic epistemology,
and, since solipsism provides no ground for error checking, a pure
encoding system cannot learn.

The third problem involves feedback.  Consider a machine
learning system with as much built into it as possible Ñ concerning error,
concerning what counts as feedback, and concerning the generation of a
combinatoric space of possibilities.  Note that this system cannot be
purely a passive encoding system: it requires interaction with some
environment in order to derive feedback so that it can search in its
combinatoric space.  It is not a novel point that error feedback can be
required for learning (e.g., Bickhard, 1973; D. Campbell, 1959, 1974;
Drescher, 1991; Piaget, 1971, 1985; Popper, 1965, 1972), but the import
of that requirement for interactive feedback for the nature of
representation itself has not been understood.  The basic intuition of that
import, which we will elaborate later, is that the system ultimately learns
what outputs to emit under what prior internal interactive conditions.  It
learns forward-looking anticipations of what actions and interactions
would be appropriate, rather than backward looking analyses of the
environmental causes of its current states.  That is, it learns interactive
knowledge.  It does not learn correspondences between its inputs and its
world.  If representation can be learned, then representation must be
somehow constituted in such interactive knowledge, not in input-to-world
correspondences Ñ not in encodings.
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Encodingism impacts issues of learning, then, in at least three
ways: 1) the space of all possibilities that can be searched must be
predefined for the system, 2) error criteria and error signals must be
predefined for the system, and 3) even with such predefinitions, the
system cannot be just an information processor Ñ it must generate
interactive outputs in order to generate feedback.  Learning, then, is one
domain, though not the only one, in which the in-principle incoherence of
encodingism manifests itself for even the most practical goals.

THE MENTAL

At the level of programmatic aspirations, however, the
encodingism incoherence renders both Artificial Intelligence and
contemporary Cognitive Science simply bankrupt (Bickhard, 1991b,
1991c, 1992c, 1993a).  Encodingism cannot explicate or explain or model
the phenomena of representation, nor any of the myriad other mental
phenomena that involve representation Ñ perception, memory, reasoning,
language, learning, emotions, consciousness, the self, sociality, and so on.
And any Artificial Intelligence or Cognitive Science model that does
simulate or approximate in some way some such phenomenon will, by
virtue of that encodingism, be a distorted and misguiding foundation for
any deeper understanding, or for further extension of the model.
Encodingism is a foundationally flawed approach to the domain of the
mental.

WHY ENCODINGISM?

If encodingism is in such trouble, why is it so dominant Ñ and
why has it been so dominant for such a long time?  What is the appeal of
encodingism?  There are several reasons for this appeal (Shanon, 1993).

The first is simply that external representations in general are
encodings.  Paintings, statues, maps, blueprints, ciphers, military codes,
computer codes, and so on, form a vast realm of interpreted encoded
representations, and it is only natural that these are the forms that are
most readily taken as constituting representation.  It is apparent that
mental representations cannot be identical to any such external
representations, but it is not so apparent how fundamentally different
mental representation must be.

Related to this ubiquity of external representations is the point that
these are all structural representations, either structures of objects or of
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properties or of events.  Objects and their properties are among the first
cognitions available developmentally, and substances and their properties
have universally been among the first sorts of ontology proposed for the
subject matter of virtually all sciences.  If the nature of representation is
being explored, and an object or substance approach is assumed, then
some sort of structural correspondence model Ñ some sort of
encodingism Ñ is a natural starting place.  Movement to a process model
takes time, and requires more sophisticated notions of process.  These
notions typically develop, whether ontogenetically or historically, within
the framework of, and therefore later than, prior object and substance
approaches.  Process models come later than object or substance models,
naturally.  Investigations of representation have ÒsimplyÓ not yet made
the shift.

A third reason that encodingism has maintained such a grip on
models of representation is that the problematics of encodingism form a
vast and intricate maze of red herrings.  There are myriads of versions;
myriads of problems to explore; myriads of potential fixes for each one
Ñ and more versions, problems, and potential fixes are being discovered
all the time.  Encodingism frames one of the most complex programmes
ever, yet it has not been at all apparent that it is a flawed programme, nor
where and how deep that flaw might be even when some such flaw has
been suspicioned.  Many fixes that have purported to overturn the
tradition turn out to be just another version of it (for an analysis of one
contemporary example, see Bickhard, 1995).

It is not a mystery, then, that encodingism has been and remains
the dominant programmatic approach to representation.  Encodingism
seems obvious in the many examples externally available.
Developmentally, it is a necessary starting point.  And it provides
millennia worth of red herrings to follow and cul-de-sacs to explore.
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The Interactive Model

Encodingism is such an intuitive position that it seems to be
obviously true.  Even when various problems with it are discovered, they
are most easily assumed to be problems with particular models or
formulations, not with the approach per se.  New and better formulations
within the same framework that overcome the deficiencies of current
models is the promissory note that constitutes something as a programme
rather than as being a model or theory itself.  Artificial Intelligence and
Cognitive Science are programmatic in precisely this sense.
Unfortunately, this continuous reliance on the next as-yet-unformulated
model or theory to remedy current deficiencies presupposes that the
programme per se is in fact foundationally valid.  No amount of
construction of particular models will ever in itself uncover (much less
fix) a foundational programmatic flaw Ñ that requires in-principle
arguments that are directed against the defining presuppositions of the
programme.  Otherwise, it is always easy to assume that the next theory,
or the next decade, will provide the fix.

Such programmatic failures have been the fate of other scientific
paradigms, such as behaviorism, associationism, and the two-layer
Perceptron approach to pattern recognition.  Even with in-principle
arguments, however, it is easier to grasp the inadequacy of an approach
when an alternative is available.  A better solution helps in diagnosing
and understanding the problems with a flawed solution.  Conversely, it
can be difficult to discern an in-principle difficulty, or to accept the
validity of an in-principle argument, if there is no alternative to consider,
and no alternative perspective from which to view the issues.  If no
alternative seems conceivable Ñ What else is there besides encodings?
Ñ then the in-principle arguments against a presupposition may
themselves be taken to be their own reductios by virtue of claiming that
an Òobvious,Ó and obviously necessary, presupposition is false.
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This has in fact been the fate of the skepticism-solipsism dilemma
throughout history.  Many attempts Ñ all unsuccessful Ñ have been
made to disprove or dissolve skepticism.  Contemporary approaches have
generally either argued that it is self-contradictory in that it in some way
presupposes the very world it purports to question, or that it is absurd in
leading to a denial of what is epistemologically necessary Ñ the existence
of the world.  There are many ingenious variants on these positions
(Annas & Barnes, 1985; Burnyeat, 1983; Groarke, 1990; Popkin, 1979;
Rescher, 1980; Stroud, 1984), but they all involve at root the
presupposition that encodingism does in fact constitute the only approach
to epistemology.  To accept the skepticism-solipsism dilemma, or any of
its variants, as themselves reductios of encodingism would yield a deep
perplexity as long as no alternative is available.

There is an alternative, and it is in fact unlikely that the above
critique of encodingism could have been discovered or understood in its
present scope without the background and perspective of this alternative.
The alternative is an alternative conception Ñ an interactive conception
Ñ of the nature of representation, with consequences throughout
epistemology and psychology.  As such, it becomes understood only to
the extent that its ramified consequences throughout philosophy and
psychology have been explored.  That is a massive Ñ in fact, a
programmatic Ñ task that will not be attempted here.  We do wish to
present enough of this alternative, however, to at least indicate that it does
exist, and to be able to make use of some of its parts and aspects in later
discussions.

BASIC EPISTEMOLOGY

Representation as Function
Encodingism focuses on elements of representation.  Interactivism

requires a shift to a view of representation as being a functional aspect of
certain sorts of system processing.  This shift from representations as
elements to representation as function is critical.  It is possible, within this
functional view, to set up systems of elements that serve differentiated
and specialized representational functions, and to create encoding stand-
ins for serving those functions.  That is, it is possible to construct
derivative encodings on an interactive functional representational base.
But, from the interactive perspective, such encodings can only be defined
on, and can only emerge from, such an already existing interactive
representational base.  Thus, it provides an account of the ÒgroundÓ or
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ÒfoundationÓ for representational content that encodingism cannot.
Furthermore, the properties of interactive derivative encodings are not
identical to the presupposed properties of classical encodings (Bickhard &
Richie, 1983).

Interactivism, then, provides a functional model of representation.
That is, it presents a functional explication of representation (or
representing), rather than a characterization of representations.  Any
representation, in fact, is a representation for any epistemic system only
insofar as it functions appropriately for that system Ñ whatever such
appropriate functioning might be (Van Gulick, 1982).  Conversely,
anything that does function appropriately for a system will by virtue of
that be a representation, or serve the function of representation, for that
system.  This view is in stark contrast to the encodingist conception of
context-independent elements carrying representational content in virtue
of being in some correspondence relationship.

This relatively simple Ñ and incomplete Ñ point already yields a
new perspective on the incoherence problem:  an encoding serves as a
representation for a system insofar as the system makes use of it as a
representation Ñ makes use of it as carrying representational content.
But, the ability of the system to make use of it as carrying
representational content constitutes its having that representational
content.  In other words, an encodingÕs having representational content is
a property of the functional usage of the encoding by the system Ñ it is a
property of the system knowing what the encoding is supposed to
represent Ñ and not a property of the encoding element itself.  To
presuppose, then, that an encoding can provide its own representational
content Ñ can be other than a representational stand-in Ñ is to
presuppose that it can somehow carry or accomplish its own
representational functional usage.  But an encoding element qua encoding
element is not a system at all, and ÒfunctionalÓ is a system-relational
concept Ñ an element cannot have a function except relative to
something other than itself, relative to some system.

Representation as function has a broad convergence with notions
of meaning as use, as in the later Wittgenstein or in some conceptions of
programs.  But, we maintain, representation must in addition involve
some sense of ÒuseÓ that can be wrong, and representation must capable
of being wrong for the system itself (Bickhard, 1993a, in preparation-c).
These criteria are not met, and are generally not even addressed, by
contemporary approaches.  The first point, we argue, requires action and
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interaction, not just input and internal processing, while the second
requires (normally) goal-directedness.

Similarly, the interactive model of representation as function is,
strictly, a version of wide functionalism in the sense that the required
functional relationships involve the environment as well as functional
processes internal to the system.  But, just as standard ways of elaborating
functionalist models are infected with encodingism in their development
beyond the basic intuitions (Bickhard, 1982, 1993a; Bickhard & Richie,
1983), so also are developments within wide functionalism (Block, 1986;
Harman, 1982, 1987).  Among other divergences, wide functionalist
approaches in general do not recognize the fundamental necessity that the
functional processes close on themselves, circularly Ñ that they form
interactions.  Correspondingly, they cannot address the criterion of
representations potentially being wrong for the system.

In the broadest sense, the only function that a representation could
serve internal to a system is to select, to differentiate, the systemÕs further
internal activities.  This is the basic locus of representational function, but
two additional logical necessities are required.  These additional
requirements are the possibilities of error and of error for the system.
First, the functional differentiation of system activities must be in some
sense epistemically related to some environment being represented.
Second, those differentiations must in some sense constitute at least
implicit predications that could be wrong from the perspective of the
system itself.  (Simply being wrong per se allows any observer semantics
to determine such ÒwrongnessÓ and thus yields a semantics for that
observer, but not for the system itself.)

Abstract Machines.  Just as the interactivist position has
affinities and differences from standard notions of meaning as use and
with wide functionalism, it also has affinities and differences with
available formal mathematics for Òuse,Ó for function and functional
processes Ñ the mathematics of abstract machines and abstract machine
processes.  This is in fact the formal mathematics that underlies classical
Artificial Intelligence and Cognitive Science.  An automaton, for
example, is one simple version of such an abstract machine.  Automata
theory conceptualizes a machine as being in one of some set of possible
abstract internal machine states, and as moving from state to state in state
transitions that are triggered by the receipt of particular inputs into the
system.  A particular pair of current state plus current input, then,
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determines the next state (Eilenburg, 1974; Ginzburg, 1968; Hopcroft &
Ullman, 1979).

A simple recognizer is an automaton with some designated start
state, and some set of designated final states.  A string of inputs will
trigger various transitions from internal state to internal state, leaving the
automaton in some particular state when the input string ends.  If that
internal state at the end of the receipt of the input string is one of the
designated final states, then that automaton is said to recognize that input
string Ñ the automaton distinguishes those strings that yield some
designated final state(s) from those that do not (Eilenburg, 1974;
Ginzburg, 1968; Hopcroft & Ullman, 1979).  It distinguishes those strings
by virtue of in fact ending up in one of the designated final states.

Note that any such final state is not an encoding for the automaton
itself.  If a final state is in any correspondence with anything, the
automata doesnÕt know it.  A final state can only be functional for the
system itself by influencing further processing in the system Ñ or in
some broader system.  As mentioned above, we will argue that some
version of such influence on, of such control of, further processing is the
locus for the emergence of genuine representational content.  Our critical
point here, however, is that such a final state is not an encoding for the
automaton.  Neither do the inputs to an automaton constitute
representations for that system.  Again, if there are any factual
correspondences involved, the system does not know about them.

These points seem relatively obvious for automata.  But exactly
the same points hold for more complicated and computationally powerful
machines, all the way to and including Turing machines and their
programming languages.  At this level, however, there is the
overwhelming temptation to interpret the inputs and the internal states
(and structures of states) as representational encodings Ñ to interpret
symbols, frames, arcs, nodes, pointers, and so on as representational
encodings.  Yet nothing in principle has changed in moving from
automata to programming languages.  The increased power involved is
increased computational power, not representational power.  It is, for
example, increased power with respect to what classes of strings of input
elements can be computationally ÒrecognizedÓ or differentiated, not
increased power with respect to what the symbols and states can
represent.

Nevertheless, we claim that there are some fruitful aspects of these
abstract machine and abstract process conceptions.  They can pick up, in
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fact, on the intuitions of influence on later process, of meaning as use.
We turn now to how to make good on those conceptions and intuitions.
We note that some of the characteristics that will be crucial to the
interactive model that are absent from such abstract machine notions are
outputs, interactions, goals, feedback, and timing of interactions.

Epistemic Contact: Interactive Differentiation and Implicit Definition
Consider a system or subsystem in interaction with an

environment.  The course of that interaction will depend in part upon the
organization of the system itself, but in part it will also depend upon the
environment being interacted with.  Differing environments may yield
differing flows of interaction.  Correspondingly, differing environments
may leave that (sub)system in differing final internal states or conditions
when the interaction is Òcompleted.Ó  Such possible internal final states,
then, will serve to differentiate possible environments Ñ they will
differentiate those environments that yield internal final state S13 from
those that yield internal final state S120, and so on.  A possible final state,
correspondingly, will implicitly define the class of environments that
would yield that state if in fact encountered in an interaction.  These dual
functions of environmental differentiation and implicit definition are the
foundations of interactive representation.

Note, however, that a final state will not indicate anything at all
about its implicitly defined environments Ñ except that they would yield
that final state.  A possible final state will be in factual correspondence
with one of its implicitly defined environments whenever that state is in
fact reached as a final state, but the state per se contains no information
about what that correspondence is with Ñ the relationship to the
corresponding class of environments is purely implicit.  Thus there is no
semantic information, no representational content, available that could
make that final state an encoding.  Note that this condition of being in a
factual correspondence with unspecified environmental properties or
conditions is precisely the condition of actual (sensory) transducers Ñ
only in the observer can there be the knowledge of both sides of the
correspondence that allows the construction of an encoding.

In effect, such possible final states (or internal system indicators
thereof) constitute a basic representational function without themselves
bearing any representational content Ñ nothing is represented about the
implicitly defined class of environments except that it is different from
the other differentiated classes.  This seemingly small separation of being
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a representation (a differentiator, in this case) from bearing
representational content is a fundamental difference between
interactivism and encodingism, and makes interactivism invulnerable to
the fatal flaws of encodingism, including the incoherence problem and the
skepticism-solipsism dilemma.  In particular, an interactive differentiating
final state does not require that what is being represented be already
known in order for it to be represented.  It is precisely that requirement
for encodings that yields the incoherence of foundational encodings.
Foundational encodings are supposed to provide our basic
representational contents, yet they cannot be defined or come into being
without those representational contents being already provided Ñ an
encoding is a representation precisely because it already has
representational content.

Representational Content
Thus far, however, we have only indicated how something could

serve an implicit representational function without specifying how it
could have representational content.  Representational content must be
constituted somehow, and it remains to indicate how interactivism can
account for that content without simply providing it from the observer-
user as in the case of encodingism.

The basic idea is that other subsystems in the overall system can
use the differentiations in those final states to differentiate their own
internal goal-directed processing.  For example, if subsystem T94 is
functioning with goal G738, and if subsystem T77 has ended with final
state S13, then T94 should select strategy (interactive procedure;
interactive system organization) St3972, while if T77 ended with final
state S120, then T94 should select strategy St20.  The final state that T77
reaches serves to differentiate, to select, the activities of T94; final state
S13 indicates strategy St3972, and final state S120 indicates strategy
St20.  In general there may be vast and complex organizations of such
interactive processing selection dependencies.

The critical point to note is that such processing selection
dependencies do constitute representational content about the
differentiated environmental classes.  In the above example, S13 type
environments are predicated to have interactive properties appropriate to
strategy St3972, while S120 type environments are predicated to have
interactive properties appropriate to strategy St20.  These representational
contents are constituted in the possible selection-of-further-processing
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uses that can be made of the differentiating final states.  Conversely, the
final states and their indicators indicate the further interactive properties
appropriate to whatever selections of further interaction that might be
made on the basis of those final states.

Final states that are in such further-processing selection
relationships thereby indicate further interactive properties and
potentialities of the implicitly defined environments.  Furthermore, such
indications of interactive potentialities can be wrong, and can be
discovered to be wrong by the failure of the system to advance toward its
goal Ñ as in feedback systems, servomechanisms, and trial and error
learning.  Representational content can emerge, be added to, and be
changed by changes in the organization of the overall system, particularly
by changes in the selections made of possible further processing.  The
representational content comes after the existence of the implicitly
defining, differentiating, representation, both logically and constructively.
Representational content, in this view, is defined as indications of
potential further interactions (Bickhard, 1992a, 1993a).

It is important to note that the conception of ÒgoalÓ that is needed
in this model does not require that goals be themselves representations.  If
goals did have to be representations, then representation would have been
explicated in terms of representations (goals) Ñ a vicious circularity.
Instead, the goals in this model need only be internal functional switches
that, for example, switch back into a trial and error interactive process or
to a learning process under some conditions (functional failure), and
switch to further processing in the system under other conditions
(functional success) (Bickhard, 1993a).  A goal of maintaining blood
sugar level above some level, for example, need not involve a
representation of blood sugar level;  it requires only that some internal
functional switching condition, with appropriate switching relationships,
be in fact dependent on blood sugar level.  Such functional goals can be
based on subsidiary representational processes, but they do not require
representation, and, therefore, do not defeat the modeling of
representation out of non-representational organization.  This stands in
strong contrast to common conceptions of goals as representing
environmental goal conditions.

Representation without goals.  There is, in fact, a more primitive
version of interactive representation that does not require goals at all.  In
this version, the indications are of possible interactions and of the ensuing
possible internal outcomes of those interactions (Bickhard, in preparation-
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c).  Such indications might be useful, for example, in selecting which
among the possible interactions at a given time is to be executed Ñ
selection based on the indicated subsequent internal outcomes.  Whether
or not those indicated outcomes are in fact reached is a system detectable
condition Ñ a purely functionally detectable condition Ñ and failure to
reach indicated conditions falsifies the indications.  It is important to note
that this potentiality for error in the indications is error for the system, of
the system, and detectable by the system.  In particular, this is not just
error imputable or diagnosable by some external observer of the system.
Such indications, then, have truth value for the system.  Such indications
are system representations, without goals.

Functional goals.  On the other hand, a system, especially a living
system, is not going to actually detect such error in its indications unless
it can do something with that information Ñ information that the
indicated conditions do not exist.  What could it do with such error
information?  It could reiterate the interaction, try a different interaction,
or invoke some learning procedure.  In any such case, we have criteria for
continuing to pursue the condition and criteria for exiting on to other
processes: we have functional (though not necessarily representational)
goals.

The logical function that goals serve in the interactive model is to
provide criteria for error.  We have just shown that there is a more
primitive manner in which error could be detectable in and for a system,
but that real systems are likely to actually generate error information only
if they can do something with that information.  What they do with error
information is to try various possibilities for eliminating or avoiding such
error, which constitutes a functional goal.4  In real interactive systems,
then, error information, thus representation, will generally involve
functional goals, and we will continue to characterize interactive

                                                
4   In complex systems, error information may influence the course of internal interactive
processes among multiple internal parallel subsystems.  Goal-directedness can be an
emergent phenomenon of such internal interactions (Steels, 1991, 1994; Maes, 1994;
Beer, 1990; Brooks, 1991a; Cherian & Troxell, 1994a, 1994b, in press).  Such emergence
affords important architectural possibilities, but the complexities of the analyses involved
in modeling or designing such systems (e.g., functional themes: Bickhard & Richie, 1983;
Bickhard, 1992c) are only indirectly relevant to our basic point that a system will generate
error information only if it can do something with that information.  Whatever it does with
that information that constitutes the detected internal condition as a functional error
condition will also emergently constitute it as a representational error condition.
Therefore, as mentioned, we will continue to characterize interactive representation as
requiring goals.
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representation as requiring such goals.  Goals too, however, have simpler
and more complex examples.

Some examples.  A bacterium, for example, might differentiate its
world into two categories: swim and tumble (D. Campbell, 1974, 1990).
An external observer can note that Òswim situationsÓ seem to be those in
which things are getting better Ñ either by virtue of swimming up a food
gradient, for example, or by swimming down a gradient of noxiousness
Ñ while tumble situations are those in which things have been getting
worse Ñ down a food gradient or up a noxiousness gradient.
Transduction encodingism would suggest that the chemical transducers in
the bacterium encode (the first time-derivative of) various foods and
noxious stuff, from which the bacterium would then have to infer the
proper action.  From the interactive perspective, however, the fact that the
transducers happen to respond to nutriment and noxiousness serves to
explain the adaptive functionality of the bacterium system, but does not
constitute what is being represented by that system Ñ the bacterium does
not know anything about food or poison or first derivatives.  It just swims
or tumbles.

A frogÕs world is much more complicated, but the basic points
remain the same.  A frog can differentiate a tongue-flick-at-a-point
followed by eating opportunity from a tongue-flick-between-two-points
followed by eating opportunity from a dive-into-the-water situation, and
so on.  The fact that the first differentiations tend to occur with respect to
flies, the second with respect to worms, and the third with respect to birds
of prey will, as with the bacterium, help explain how and why these
particular functional relationships are adaptive for the frog, but they do
not in themselves constitute the representational contents for the frog.
The frog tongue-flicks and eats, or it dives; it does not represent flies or
worms or birds of prey from which it infers the proper behavior of tongue
flicking or diving.  What the frog represents are various tongue-flicking-
and-eating situations, among others.  Error is constituted if, for example,
the internal states corresponding to eating do not follow.

The human world, of course, is enormously more complicated.
The interactivist contention is that these same principles still hold,
nevertheless.  It is not at all obvious how the interactive approach could
account for many phenomena of human epistemology and
phenomenology.  Perception, language, rational cognition, imagery, and
consciousness are among the apparently problematic phenomena to be
addressed.  We will briefly outline the interactive model for some of these
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phenomena for use in later discussions, but filling out the interactivist
programme must be left for elsewhere (for example, Bickhard, 1980a,
1980b, 1987, 1992a, 1992c, 1993a, in press-a, in preparation-a, in
preparation-b; Bickhard & Campbell, 1992; Bickhard & Richie, 1983;
Campbell & Bickhard, 1986, 1992a).

This is a much abbreviated presentation of the central
representational model of interactivism, and it does not begin to address
the consequences of the view for standard modeling approaches nor any
of its own programmatic developments.  What can be noted from even
this brief introduction is that functions of implicit definition,
differentiation, and selections among further processing cannot in
themselves constitute encodings.  And they can certainly not be
foundational encodings for two reasons:  1) because the representational
content is subsequent to the elements, not constitutive of them, and 2)
because the representational content is intrinsically distributed in the
organization of potential processing selections, and is not necessarily
localized or atomized in any element whatsoever.

Logically, then, it must either be denied that these functions have
any relevance to representation at all, or it must be conceded at least that
encodings cannot constitute the essence of representation, for here are
representational phenomena that cannot be rendered in terms of encodings
at all.  Once this concession is made, it then becomes a programmatic
issue whether or not interactivism can subsume such encodings as do
exist.

This outline presents only the most basic core of the interactivist
explication of representation (Bickhard, 1993a).  The general interactive
model, however, is a programmatic approach to all epistemic and mental
phenomena, and has in fact been developed in a number of directions.
Because a few additional aspects of the general interactive model will be
needed for later points of comment and comparison, they will be outlined
here.  In particular, we will take a brief look at the evolutionary
foundations of the model, the general approach to perception, a
constructivist consequence for development, and the basic nature of the
model of language.

EVOLUTIONARY FOUNDATIONS

The evolutionary foundation of interactivism consists of a
sequence of knowing, learning, emotions, and reflexive consciousness
that form a trajectory of macro-evolution.  Knowledge is explicated as
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being constituted in the capability for successful interactions (Bickhard,
1980a; Krall, 1992), as being intrinsic in any living system, and as
inherently constituting interactive representations.  Each of the later steps
in the sequence Ñ learning, emotions, and consciousness Ñ is explicated
in terms of specific changes in the system organization of the preceding
step, and each is shown to constitute an increase in the adaptability of the
resultant system.  In that sense Ñ because each arises from a change in
the preceding, and each increases adaptability Ñ the knowing, learning,
emotions, and consciousness hierarchy is shown to be a potential macro-
evolutionary sequence.  Human beings are heirs of this evolutionary
sequence, and knowing, learning, emotions, and consciousness form part
of their innate potentiality (Bickhard, 1980a, in preparation-b; Campbell
& Bickhard, 1986).

SOME COGNITIVE PHENOMENA

Perception
Perception is commonly construed as the first, essential, step

toward cognition and language.  Knowing interactions are foundational
for interactivism, not perception.  Simple living systems Ñ such as
paramecia Ñ are successful, though primitive, knowers without any
differentiated perception at all.  Perception in the interactive view is, in a
broad sense, simply the modulation of ongoing interactive activity by
specialized subforms of interaction.  In a narrow sense, perception is
those specialized forms of interaction Ñ specialized for their function of
detection in the environment, rather than for functions of transformation
and change.  In higher organisms, of course, certain modalities of such
detection-specialized forms of interaction have evolved anatomical,
physiological, and neural specializations as well.  The basic ontological
character of perception as a specialized form of interactive knowing,
however, is not altered by such substrate specializations (Bickhard &
Richie, 1983).

In order to provide a sense of how differently such phenomena as
perception can appear from within the interactive model, we will
elaborate here on the interactive model of perceptual phenomena.
Specifically, we will look at the interrelationships among notions of the
situation image, apperception, and perception.

To begin, note that it will be functionally advantageous for a
complex interactive system to construct and maintain an organization of
action indicators.  These would be indicators of all further interactions of
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the system that are potentially available in the current situation, and of all
still further interactions that might become potential if particular
interactions were engaged in first.  The organization of such indications
of interactive potentiality, and of potentialities contingent on yet other
potentialities becoming actual, is called the situation image (Bickhard,
1980b).  An indicator, say I , in a situation image Ñ possibly itself set
directly by some differentiating interaction outcome, perhaps set by some
more complicated process Ñ indicates the possibility of particular further
interaction types, particular further procedures, say P1 and P2.  If P1 is
engaged in, it will yield one of its possible outcomes, say J, K, or L .
Therefore, the initial indicator I  indicates the possibilities of, among other
things, (creating via P1) one of the indicators J, K, and L.  A situation
image, in general, is constituted as vast webs of such functionally
indicative relationships (Bickhard, 1980b).  The situation image is the
systemÕs knowledge of what interactions can be performed, both
proximately and with appropriate preparation, and, therefore, among
which it can select in the service of goals.

The term Òsituation imageÓ carries unfortunate connotations of
encodings that need resisting.  It is difficult to find terms concerning
representation that are not already implicitly associated with encodingism,
simply because encodingism dominates all presuppositions in this area.
The interactive situation image, however, is no more than an organization
of functional indicators, of the sort constructed by differentiator final
states, and that might be constructed on the basis of those final states Ñ
for example, constructing a single (organization of) indicator(s) on the
basis of many mutually context dependent indications.

A situation image is a primary resource for system interaction,
and, as such, it repays considerable effort devoted to constructing, filling
out, maintaining, and updating it.  The process of such maintenance,
updating, and elaborating or Òfilling outÓ is called apperception.  It
consists of the ongoing processes of the construction and alteration of the
indicators constituting the situation image on the basis of the already
constructed situation image and on the basis of new interaction outcomes.
The elaboration process explicitly constructs indications of interactive
potentiality that are implicit (perhaps in a complex and context dependent
manner) in the already existing situation image and new interaction
outcomes.  Such elaboration will occur with respect to spatially extended
implications Ñ e.g., the unseen backs and sides of objects, as well as
unseen rooms next door, and so on Ñ temporally extended implications
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Ñ e.g., the expectable proximate and non-proximate future consequences
of actions of the agent or of processes in the environment Ñ and of
various sorts of conditionals Ñ e.g., if such-and-such an interaction is
performed, then these other interactions become available as proximate
potentialities.  Various sorts of organizations within the situation image
constitute our familiar representational world of objects in space and time,
causally interconnected, and so on (Bickhard, 1980b, 1992c).

All interactions of the system will change some things about the
world and will depend on certain conditions in the world in order to
function successfully.  This is simply a consequence of the physicality of
interactions.  Interactions that depend on certain conditions and that do
not change those conditions in the course of the interaction can be used as
detectors of those conditions (though not thereby as representers of those
conditions).  The detection of such implicitly defined conditions is the
basic function that has been outlined for interactive differentiators.

The apperceptive updating of the situation image is based on both
the ongoing situation image and on ongoing interaction outcomes.  In the
latter case, it is based on both detection functions and on transformational
functions of those interactions, depending on which is most salient or
learned, and perhaps on both.  Some sorts of interactions are engaged-in
almost exclusively for the sake of their detection functions, for the sake of
their indications concerning future interactive potentialities, rather than
for their own potentialities for changing the situation.  In a broad
functional sense, such sorts of interactions constitute perceptual
interactions.

Some sorts of perceptual interactions, in turn, have shown
themselves to be sufficiently important that evolution has developed
physiologically and neurally specialized subsystems that are dedicated to
these interaction types.  These specializations have been with respect to
various modalities of perception that provide to that species important
information for the apperceptive updating of the situation image.
Physiologically specialized, modality specific subsystems for
apperceptive interactions, such as for vision, hearing, and so on,
constitute the paradigms of perception.  The broader functional sense of
perception, however, will include such phenomena as apperceiving the
environment via the tapping of a blind manÕs cane, sonar, radar, and so
on.  When detection interactions transcend any such physiological
specialization, such as, for example, the brown ring test for iron in
qualitative chemical analysis, we tend to not call them Òperception,Ó even
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though they serve precisely the same function, minus evolutionary
specializations.  An evolved chemical test for iron that was specialized in
the nervous system would be called perceptual.

Perception in this view is ÒjustÓ a special sort of interaction
engaged in for the purpose of apperceptive maintenance of the situation
image.  It is no more the only input to cognition than are the outcomes of
transformational interactions.  And perceptual interactions do not yield
the situation image; they ground ongoing apperceptive modifications of it.
Perceiving is not the processing of inputs into perceptions (Bickhard &
Richie, 1983).  In that sense, perception is not a matter of input at all, but,
rather, an interactive modulation of situation image knowledge
concerning further potential interactions.  This view is quite different
from standard encoding models of perception.

Learning
Interactivism also imposes distinct logical constraints on models

of learning.  Encodings are epistemic correspondences with the world.
Consequently, it has classically been tempting to construe the origin of
encodings as resulting from some sort of impression of that world on a
receptive mind.  The classic waxed slate, or tabula rasa, is the
paradigmatic form.  In contemporary work, this takes the more
sophisticated form of transduction for momentary patterns or elements in
the world, and induction for temporally extended patterns in the world.

The interactive representational relationship, however, is not a
structural or correspondence relationship at all.  It is a functional
relationship of interactive competence for the potential interactions
available.  Both because it is a functional relationship, and not a structural
relationship, and because it is a relationship with interactive potentialities
of the world, and not with actually present actualities in the world,
interactive representations are not logically capable of being passively
impressed from the world on a receptive mind.  Interactive
representations must be constructed within the epistemic system, and then
tried out for their interactive functional properties in a variation and
selection process.  The specifics of that process are, of course, deep and
complex, but the basic point is that interactivism logically forces a
constructivism of learning and development (Campbell & Bickhard,
1986; Bickhard & Campbell, 1988; Bickhard, 1988a, 1991c, 1992a, in
preparation-a).




