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COMPUTATlONALlSM
Computationalism is the dominant contemporary
approach to cognitive phenomena: phenomena of
perception, cognition, reasoning, language-any
mental phenomena that involve representation.
Computationalism permeates the intertwined fields
of cognitive science, cognitive psychology, and
artificial intelligence. It grew out of cybernetics
and computer studies during the 1 950s and '60s.
Computers were originally thought of as very
fast and powerful calculators. It came to be real
ized, however, that there is nothing in the function
ing of a computer that restricted its domain to
calculations and other manipulations of numbers.
The electrical patterns that corresponded to num
bers in computers could just as easily be taken to
represent characters--or tables, chairs, proposi
tions, perceptual features, grammatical structures,
and so on. During the 1 960s, this move to a concep
tion of computers as "symbol manipulators" rather
than "number crunchers" became ascendant, and
has remained so. The range of representation that
has been thought to be capturable in such computer

symbols has seemed limited only by the ingenuity
of the designers.
The backbone of the computational approach to
cognition is the presumption that symbolically
encoded information flows from perception to cog
nition and from cognition to language. Perception
is presumed to begin with the encoding of various
sorts of limited and proximal information, such as
light patterns and motions in the visual system.
That initial limited information in proximal sensa
tions is then enhanced in unconscious inferences
about the organization of the layout of surfaces and
edges-floors, walls, tables, etc.-and colors and
so on (again in the visual system). Such perceptual
encodings, in turn, serve as the foundation for the
learning of symbolically encoded concepts and
other more abstract representations, and help guide
the cognitive manipulation of such symbols in rea
soning. Further, such internal organizations and
manipulations of symbols can themselves be re
encoded into linguistic form and uttered or written
for the recipients to decode into their own internal
symbols. Decoded, they constitute an understand-
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ing of the utterances or sentences. Sensations of
color, form, and shape, for example, might gener
ate the perception of a lion, which, in turn, guides
reasoning to the conclusion that there is danger,
and further initiates both the activity ofrunning and
vocalizations that, among other things, re-encode
the mental symbol for "lion" into sound patterns to
warn others of the danger. Connected to this cogni
tive backbone are many other phenomena, such as
memory, motivation, emotions, and so on, all of
which also involve representation, and all of which
are assumed to therefore involve manipulations of
encoded symbols.
Since the early '80s, a major rival has challenged
computationalism in its classical form. This rival is
known as connectionism, or parallel distributed
processing (PDP). Connectionist systems consist
of multiple nodes, usually in layers, and usually
with the first layer directly connected to an envi
ronment. The nodes are connected, from each node
in one layer to nodes in the next layer, by weighted
lines. Activation is received from the environment
and passed along the weighted connections to other
nodes in accordance with the various weights. Each
node, then, adjusts its own level of activation in
accordance with the activations received along its
incoming connections, adjusted by the weights on
those connections, and in accordance with some
internal function for collecting and combining
those activations. Then each node, in the next step,
transmits its own level of activation along its out
going connections to the next layer ofnodes, where
the process repeats.
Connectionist nets can be trained by various
alterations of the weights connecting node to node
in response to feedback from sets of training
instances. In particular, they can be trained to gen
erate particular patterns of final layer activations in
response to various categories of patterns of input
activations. That is, connectionist nets can be
trained to differentiate input patterns into catego
ries. This capacity, and the ability to train this
capacity, has generated enormous excitement in a
large community of cognitive scientists. The final
activation patterns are taken to be representations
of the classes of input patterns that would generate
them, and, on this interpretation, connectionist nets
can learn new representations. There are many
additional properties of these distributed patterns
of activation that are proposed as advantages of the
connectionist approach, and many variations on the

basic theme of input patterns classified into final
layer patterns. Some net designs, for example,
don't simply settle into some final layer activation
pattern, but, instead, move into some classifying
trajectory or cycle of changes in activation pat
terns, perhaps shifting among them in response to
subsequent inputs. Heated arguments have been
waged concerning the relative advantages and dis
advantages of the two approaches.
The differences between standard computation
alism and connectionism are many and important
for a variety of reasons. But with respect to the
basic critique that will be made of computational
ism, there is no significant difference between the
two-they both make the same basic assumptions,
and they are both vulnerable to the same criticisms.
Between the two of them, computationalism and
connectionism dominate contemporary cognitive
science and related disciplines in the '90s. In spite
of that, I wish to argue that both computationalism
and connectionism are in serious trouble-fatal
trouble, in fact. The problem lies in a ubiquitous
presupposition about the nature of representa
tion-the nature of those representational elements
(or activation patterns)--a presupposition that is at
root logically incoherent. I will present a central
part of this critique and adumbrate an alternative
approach to representation that avoids this incoher
ence. And I will point out how the basic argument
against standard conceptions of representation
holds just as strongly against connectionist and
PDP approaches: For all their differences, the
approaches hold precisely the same assumptions
incoherent assumptions-about the nature of rep
resentation.

ENCODING 1ST APPROACH ES
TO REPRESENTATION
Throughout history, representation has been
assumed to be some sort of correspondence
between a representing element or structure and
that which is to be represented, and, crucially, the
representational relationship is assumed to be con
stituted in those correspondence relationships. It is
universally recognized that not just any correspon
dence will do. There are myriads of factual corre
spondences in the universe, and most of them are
not representational. The focus, then, is on what
sort of correspondences are representational.
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Various problems with this approach have been
uncovered, and more are discovered periodically,
but the assumption that "correspondences" is the
correct genus within which to differentiate repre
sentation is still ubiquitous (Anderson, 1 983;
Fodor, 1 990; Newell, 1 980; Palmer, 1 978; Smith,
1 987). Each new problem generates new activity to
find a fix-a further or a different constraint on
correspondence that will capture all and only the
real representations.
I hold that some of these problems are simply
unsolvable from within this approach-they are
among the multifold manifestations of the underly
ing logical incoherence. Others of these problems
are simply red herrings-they appear to be prob
lems only because representation is being ap
proached as a kind of correspondence, and they
cease to be problematic on the alternative that I
offer (Bickhard, 1 993).

Encodings and Encodingism
There is, in fact, a class of genuine representations
that are constituted as correspondences: encodings.
It is, in part, this genuine subclass that has pro
duced so much confusion about representation and
maintained the impression that all representation
could be of the same sort-that all representation
could be encoding correspondences. It is from this
class of representations that I derive one of the gen
eral names for the approach that I wish to criticize.
Approaches that presuppose that all representa
tions are encodings, I call encodingism.
The arguments against encodingism form a
rather large family, with some of them having
ancient provenance and new ones being discovered
even quite recently. I will outline only a few of
these arguments. One convenient entree into this
family is via the characterization of genuine encod
ings, and the demonstration that that kind of repre
sentation cannot be the general form. It is precisely
the presupposition that it can be the general form
that yields the logical incoherence.
So, I begin with a clear and obvious case of
encodings: Morse code. Morse consists of a set of
stand-in relationships between sequences of dots
and dashes, on the one hand, and characters and
numerals, on the other hand. For example, " . . . "
stands in for the character "S". Such stand-ins are
useful because, in this case, dots and dashes can
be sent over telegraph wires, while characters and
numerals cannot. The stand-ins of Morse code

1 75

serve to change the form and the medium of the
representational contents of characters and
numerals so that things can be done with them,
such as telegraph transmission, that could not be
done otherwise. Similarly, bit pattern encodings
allow myriads of extremely fast manipulations in
computers.
Encoding stand-ins carry representational con
tent-they carry the same content as that which
they stand in for. The stand-in relationship, in fact,
is a relationship of "borrowing" the representa
tional content of whatever is being stood in for. So,
" . . . " represents the same thing as, performs the
same representational functions as "S". Represen
tational content is a functional notion; it is what
ever serves the function of specifying what is
supposed to be represented by some representation.
There are several essential aspects and prerequi
sites of such encodings that are relevant for this
discussion. First, an encoding stand-in correspon
dence relationship must be defined. This requires
that the element that is to be the stand-in and the
element that is to be stood in for must be both spec
ifiable-in this case, both " . . . " and "S". Second, in
order for the stand-in to carry representational con
tent, the stood-in-for must carry representational
content: The encoding carries representational con
tent only insofar as it borrows it from the stood-in
for.
It follows that such stand-in relationships cannot
be defined with elements (properties, events, etc.)
that are themselves unspecifiable, and that an
encoding stand-in can only borrow representa
tional content that is already available (from the
stood-in-for). In particular, encodings cannot cre
ate new representational content. They can only
borrow and combine representational content that
is already extant.
These prerequisites are not a problem for genu
ine encodings, such as Morse code, precisely
because genuine encodings are explicitly defined
in terms of stand-in correspondence relationships
with representational elements that are already
available. The prerequisites are a problem, how
ever, for any assumption that encodings could
serve basic epistemological functions, such as in
perception or cognition: the fundamental epistemo
logical problem is to create new knowledge, new
representation, and encodings can only borrow rep
resentational content that is already there.
It might seem that there could be some way in
which encodings could generate or constitute new
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representational content. In fact, if it is assumed
that representation must be some form of encod
ings-what else is there?-then it appears that
there has to be some way in which encodings can
generate new representational content, and the
problem seems to be one of discovering a model
that can account for that. This is the standard
framework of assumptions in cognitive science,
artificial intelligence, philosophy of mind and lan
guage, and so on. It is the assumption underlying
computational ism and connectionism alike. And
most ofthe work that concerns itself with this level
of problem at all is devoted to attempts to discover
such a model. I argue that this task is impossible,
and that assumptions or presuppositions that it
could ever be completed are incoherent (Bickhard,
1 992b, 1 993 ; Bickhard & Richie, 1 983).
As outlined, an encoding can be defined in
terms of already available representations with no
particular logical difficulty. Furthermore, this can
be iterated, yielding "X", say, defined in terms of
"Y", which is defined in terms of "Z", and so on.
But it can only be iterated a finite number of
times: There must be some ground, some founda
tion, of representations in terms of which the com
binatoric hierarchy of encoding definitions can
begin. It is at the level of this ground that the inco
herence emerges of assuming that all representa
tion is encoding.

Incoherence
In particular, if it assumed that such foundational
representations are themselves encodings, then
there is no way for those encodings to have or to be
given any representational content. There is no
way, in other words, for those grounding encodings
to be representations at all, and, therefore, certainly
no way for them to be encodings. But, then, it is
impossible for them to ground any hierarchy of
encoding definitions, and the entire framework of
encodingism collapses into incoherence.
If a purported foundational encoding is defined
in terms of any other representation, then it is not
foundational, contrary to assumption. But that
leaves only that foundational element itself as a
source of representational content, yielding some
thing like '''X' stands in for 'X'" or " 'X' repre
sents the same thing as 'X' " for "X" that
foundational element. This does not suffice to pro
vide any representational content to "X", and,
therefore, fails to render "X" an encoding. "X",

therefore, cannot ground any further definitions of
encodings, and the framework collapses.
This problem of providing the basic representa
tional contents has not gone unnoticed in the liter
ature. It presents under such terms as "the empty
symbol problem," "the symbol grounding prob
lem," and so on (Bickhard & Richie, 1 983; Block,
1 9 80; Hamad, 1 987). It underlies other positions
and arguments, such as the "solution" that proposes
that all such grounding representational contents
are innate (Fodor, 1 98 1 ). In that regard, note that
the problem is logical, not practical-evolution
cannot solve it either. Nativism is not a solution
(Bickhard, 1 99 1 a; Campbell & Bickhard, 1 9 87).
Note that, as a logical problem concerning the
origin of representation, this makes representation,
considered as encoding, impossible. There is no
way for grounding encodings to emerge out of non
representational phenomena. Encodings require
prior representations in order to be defined. But
presumably there were no representations at the
moment of the Big Bang origin of the universe, and
there are representations now. Representation has
emerged out ofnonrepresentation, and, since that is
impossible for encodings, encodings cannot be the
basic form of representation (Bickhard, 1 99 1 a,
1 993).
The assumption, nevertheless, is that there must
be a solution-after all, representation clearly does
exist, and what else could there be but encod
ings?-and work continues. I am proposing that
this programmatic approach to representation is
logically impossible, and, therefore, that such work
is ultimately fruitless.
Encodings are representations by virtue of
defined correspondences with representations. The
general approach assumes that representation can
be understood in terms of correspondence (of some
sort) with that which is to be represented. The
problem, as with foundational encodings, is to
model how any correspondence could yield repre
sentational content of what is to be represented-of
what is on the other end of the presumed encoding
correspondence.

What Kind of Correspondence?
There is no problem about the existence of corre
spondence. The universe contains myriads of them,
of many different kinds: factual, causal, informa
tional, nomological, and so on. All of these have
been proposed as candidates for the special kind of
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correspondence that, unlike all the others, yields or
constitutes representation at one end of the corre
spondence about whatever is on the other end of
the correspondence. All have failed; some have
been abandoned; some are still pursued. To assume
that there is some special sort of correspondence
with such unique representational power is to
assume that there is some special sort of correspon
dence that carries representational information
about its existence and about the other end of the
correspondence.
There is, in fact, such a form of correspondence.
Morse code is an example. But this form of encod
ing correspondence, the only genuine form,
presupposes all of the epistemic issues that compu
tationalism wishes to solve with encodings.

I n-Principle Arguments
There is not space to rehearse the numerous
attempts that have been made, and that are cur
rently proposed, to find this special form of corre
spondence-and to recount all of the ways in
which they have failed. Programmatic approaches
to anything, including to representation, are capa
ble of unbounded variation on the theme, with the
continued hope and promise that the next attempt
might do it. Only in-principle arguments can show
a programmatic approach to be flawed, as in
Chomsky's demonstration that any model con
structed within the strictures of associationism will
be necessarily inadequate to the facts of language.
I have offered some in-principle arguments against
encodingism above-the assumption that encod
ings can provide their own foundational represen
tational contents is incoherent-and offer many
more elsewhere (Bickhard, 1 980, 1 992b, 1 993;
Bickhard & Terveen, 1 995; Campbell & Bickhard,
1 986). Even in-principle arguments, however, are
not persuasive if there is no known alternative
"What else could there beT' and maybe the in-prin
ciple arguments are wrong.

Tangles of Red-Herrings
Before turning to the conception of representation
that I wish to offer as an alternative, however, I will
illustrate with one example the sorts of logical and
conceptual tangles that can be encountered in
attempting to fulfill an encodingist approach to
representation. Consider the disjunction problem
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(Fodor, 1 987, 1 990; Loewer & Rey, 1 99 1 ). This
problem arises when it is assumed that the special
representation-constituting form of correspon
dence might be one that arises from a causal con
nection from the "to be represented" to the
"representation by correspondence." Such causal
connection correspondences are a natural possibil
ity to pursue, since one paradigm for the investiga
tion of representation is perception-perception
construed as the processing of (and in) causally
related chains of inputs from world through sen
sory transducers to the brain.

How Is Error Possible?
One problem that this approach gives rise to, how
ever, is the problem of the possibility of error. In
particular, if the causal relationships-the special
form of correspondence relationship--exist, then
the "to be represented" is in/act present and has in
fact initiated the proper causal process, and the rep
resentational correspondence, therefore, is neces
sarily correct. On the other hand, if any part of this
initiation, causal transmission, transduction, pro
cessing, or whatever else that is taken to be crucial
to the representation-constituting special form of
correspondence is absent or deficient, then the spe
cial correspondence does not exist, and, therefore,
the representation doesn't exist. In particular, there
is no representation in existence that could be not
correct. The problem, then, is to explain how rep
resentation could even possibly be in error, in this
view.

The Disjunction Problem
One version ofthis problem is the disjunction prob
lem. This problem turns on the question of how it
can be determined which correspondences are in
fact the right correspondences to be constitutive of
correct representation, and how they can be distin
guished from those that constitute errorful repre
sentations. If a "cow" representation is normally
evoked by cows, that is its correct and desired func
tion. But if it is evoked by, say, a horse on some
dark night, we would like to be able to say that that
is an error. The disjunction problem poses the
question: How can we avoid the conclusion that
what had been taken as a "cow" representation is
really a representation of the disjunction "either a
cow or a horse on a dark night"?
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Note that this is a problem from within the basic
correspondence framework: Assuming that repre
sentation equals correspondence (of some sort),
how can we distinguish the correspondences that
constitute correct representations from those that
constitute false representations?

Asymmetric Dependency
One proposed solution to this problem is "asym
metric dependency" (Fodor, 1 987, 1 990; Loewer
& Rey, 1 99 1). The idea of this "solution" is that
there is an asymmetric relationship between the
correct and the incorrect cases-between cows and
horses on dark nights-and that that asymmetry
suffices to distinguish them. The proposed asym
metry is one of counterfactual dependence of the
possibility of the one kind of correspondence rela
tive to the other. In particular, it is claimed that
"horse on dark night" correspondences would
never occur unless the "cow" correspondences
occurred; conversely, "cow" correspondences
could very well occur even if the "horse on a dark
night" correspondences never did. The idea is that
the correct correspondence-with "cow" in this
case-is the critical one for the very existence of
the (representation-constituting) correspondence
relationship in the first place, so any instances of
error must be in some sense parasitic on those cor
rect versions.
A number of challenges can be made to this
solution. I offer two here. They have the form of
counterexamples. First, a transmitter molecule
docking on a receptor in a cell surface, and thereby
triggering appropriate activities internal to the cell,
is an example of a causal chain correspondence
(transmitter to internal activity), and, furthermore,
a causal chain correspondence that is followed by
appropriate functional and evolved functional
activity (Bickhard, 1 993). Yet, there is at best a
functional story to be told here. There is no
epistemic relationship between the internal cell
activities and the transmitter molecule; the cell
doesn't contain a representation of that molecule,
nor of the activities of the previous cell that created
that molecule, nor the activities that released it, and
so on. The asymmetric dependency proposal, in
other words, presupposes that some correspon
dence does in fact constitute representation. The
transmitter molecule challenges that assumption:
How can the genuine representation-constituting

correspondence be distinguished from the trans
mitter correspondence?
One reply might be that representational corre
spondences are capable of asymmetric dependen
cies. So, only those that are capable of such
asymmetries are representational at all. The asym
metries, in tum, distinguish within those represen
tational correspondences between those that are
correct and those that are false. Consider now my
second counterexample: A poison molecule mim
ics that transmitter molecule, docks on the cell sur
face receptor, and inappropriately triggers those
internal cell activities. Here is also a correspon
dence. Furthermore, it is a type of correspondence
that is asymmetrically dependent on that of the
transmitter molecule: The transmitter correspon
dences could exist quite nicely even if the poison
correspondences never did, or never could, but the
poison correspondences are only possible because
of the transmitter correspondences. Yet, here
again, we have only a functional story. Just as there
is no representation in the cell that accepts that
transmitter molecule, there is no false representa
tion in the cell that accepts the poison molecule.
The asymmetric dependency relationship captures
at best a functional asymmetry, and it can be mod
eled at a strictly functional level. It suffices neither
to characterize true representation from false repre
sentation, nor representational correspondence
from nonrepresentational correspondence (Bick
hard, 1 993).

More Tangle
The disjunction problem and its asymmetric
dependency proposal as a solution is but one of
many problems about and within the encodingist
framework. A sampling of others: How could we
check our encodings for correctness, if we can only
check them against themselves? We have no other
access to what they are supposed to represent other
than those encodings per se. How could we ever
construct our encoding copies of the world without
already knowing the world that we are attempting
to copy? Ifwe cannot encounter error in our check
ing of encodings, how can we ever control learning
processes? Any element in correspondence with
something in the world will necessarily also be in
correspondence with thousands of other things in
the world-not just the chair, but also the light pat
terns, activities in the retina, electron orbital activ-
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ities in the surface of the chair, the motion that
placed the chair at that position, the construction of
the chair, etc.-which of these correspondences is
the representational one? As mentioned above,
how could representation come into being out of
nonrepresentation in the history of the universe?
And on and on (Bickhard, 1 99 1 a, 1 992b, 1 993;
Bickhard & Terveen, 1 995). None of these are
solvable or resolvable from within the encodingist
approach.
Part of the reason for rehearsing this problem
and the purported solution and failure of that pur
ported solution-and mentioning the host of addi
tional problems-is to illustrate how tangled these
investigations can be and to give some sense of
how easy it can be to become lost in these tan
gles-looking for a way around this tiny barrier or
looking for how to fill that small hole in the argu
ment. A second reason for this overview ofthe dis
junction problem and asymmetric dependency
proposal is to illustrate that many, perhaps most, of
the problems that occupy the efforts ofwork within
the encodingist, representation as correspondence,
approaches are simply red herrings (Bickhard,
1 993). They are problematic only because of the
approach taken, and do not offer fundamental prob
lems for the alternative approach that I suggest. In
particular, the possibility of "being in error" is triv
ially present for the model of representation that I
urge. I turn to it now.

INTERACTIVISM
The alternative model of representation is called
interactivism. Interactivism models representation,
and representational content, as particular proper
ties of systems that interact with their environments,
rather than as particular kinds of correspondences.
By beginning with a fundamentally different frame
work, interactivism simply never encounters most
ofthe problems of encodingism.

Differentiation and Implicit Definition
Consider a system interacting with an environ
ment. In part, the internal processes of the system
that participate in that interaction will depend on
the functional organization of the system that is
engaged in the interaction. In part, however, the
internal processes and the course of those internal
processes will depend on the environment being
interacted with. Similarly, the internal condition
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that the system is in when that interaction has
ended-when that subsystem ceases its processing,
for example-will depend in part on the environ
ment with which the interaction occurred. If there
are two or more possible such internal conditions
that the system could end up in-two or more pos
sible final states of the interactive subsystem
then those states will serve to differentiate classes
of possible environments, and the particular final
state of a particular interaction will differentiate the
particular environment that the interaction was
with. So, if the subsystem ends up in final state
"A", say, then it has encountered the type of envi
ronment that yields final state "A" when engaged
in interaction, and similarly for final state "B". In
effect, the possible final states implicitly define the
classes ofenvironments that would yield them, and
actual interactions classify environments among
those implicitly defined classes.
It is important to note that the differentiations
involved here do not create nor constitute any rep
resentational content about the environments, or
classes of environments, other than their property
of yielding this final state rather than that final
state. In particular, no such interactive differentia
tor could generate encodings, because there is no
representational content about the environments
differentiated.
Nevertheless, there will be somefactual proper
ties of environments that underlie their tendency to
yield some final state, and a differentiation will,
therefore, generate a factual correspondence with
whatever those factual properties may be. That is,
an interactive differentiator will create precisely
the sort of correspondences that are classically
taken to be constitutive of encoding representa
tions. This is even more obvious in the case of an
interactive differentiator that is simplified to the
point of having no outputs-a differentiation based
entirely on the processing of inputs, such as in sen
sory "transduction" (or connectionist "pattern rec
ognition"). The same point holds: Such processing
can be sufficient to differentiate categories of pos
sible environments (or input patterns}-those that
yield this internal outcome rather than that internal
outcome-but they do not and cannot yield any
representation about those (categories of) environ
ments. The differentiations are open as to what is in
fact being differentiated; the definitions of the cat
egories are implicit, not explicit.
Interactive differentiators, then, model what is
standardly construed as encodings. But the inter-
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active model makes no claims that these correspon
dences somehow magically constitute representa
tions of what has been differentiated. That, of
course, raises the next question: How does the
interactive model account for representational
content?

Representational Content
Consider an interactive differentiator subsystem
in the context of its broader system. It might be
useful for that broader system to make use of the
final states generated by the subsystem in deter
mining the future course of overall system inter
active activity. If, for example, the subsystem
generated final state "A", that might indicate that,
among other things, subsystem "S2" would, if
engaged in interaction, yield final state "Q", and
that subsystem "S22" would yield final state "R".
Such final states can be constituted as functional
or biological conditions in the system that could
be sought in a goal-directed sense by that system,
so the possible final states that could be indicated
as possibilities by an initial final state "A"-upon
appropriate intermediate further interaction, such
as "S22"-potentially play an important role in
the system satisfying its goals. Final state "A", for
example, might be the outcome of a visual scan
that internally indicates, among other possibilities,
that, if a certain further interaction were engaged
in, "S22", a further final state, "R", of raised
blood sugar would be reached. If raising blood
sugar is an active homeostatic goal, then that
possibility might be selected as a next activity of
the system.
The general point is that internal system indica
tions of what further interactions would be possible
for the system to engage in, and what further possi
bilities would follow if they were engaged in them,
can be useful to the system. We should expect, in
fact, potentially quite complex organizations of
such indications of potentiality, which would yield
further potentialities, which would yield still fur
ther potentialities, and so on, in complex interac
tive systems such as living systems.
The model to this point is strictly functional. No
claims have yet been made concerning representa
tion or representational content. In fact, a typical
move of claiming representation for input process
ing correspondences has been explicitly eschewed.
Nevertheless, the model does now contain a func
tional property that emergently constitutes repre-

sentation. This is representation in a most minimal
sense, but representation nevertheless.
The minimal property of representation is that of
the possibility of being Jalse from the perspective
of the system itself and the possibility ofbeingJal
sifted by the system itself; more generally, the pos
sibility of having some truth value for the system
itself. The caveat concerning "the system itself'
derives from the common practice of attempting
such analyses from the perspective of some human
observer or analyzer of the system, and smuggling
the observer's perspectives and interpretations into
the purported model of the system. If a human sci
entist, for example, were to be using some internal
cell activity as a signal, an "encoding," of some
prior activity that yielded the manufacture and
release of a transmitter, then the poison molecule
would generate a false representationJor the scien
tist. At issue, however, are the sorts of representa
tions in the scientist-as-system per se, not the
representational usages that the scientist can deriv
atively make of aspects of other systems. That is, at
issue is primary representationality, not derivative
representationality.
The indication ofthe potentiality of further inter
action in a system is an indication that has truth
conditions external to the system. The indicated
potentiality may in fact not be a potentiality, and it
will be a potentiality only if the world in general
supports the indicative relationships involved.
Only if the world is in fact a place in which, when
ever ''this interaction yields this outcome," then
''that interaction would yield that outcome," will an
indication of that relationship hold. So, the indica
tion, which is strictly functional and strictly inter
nal to the system, depends on the world for its truth
conditions. Note that such an indication has exter
nal truth conditions, but it does not represent those
truth conditions.
Furthermore, if such an indication is false, there
is a possibility for the system itself to discover that.
If the system does in fact engage in an interaction,
reaches a particular outcome, then engages in an
indicated potentialJurther interaction, and that fur
ther interaction fails to complete, or completes with
a nonindicated final state, then the initial indication
is false Jor the system itself. Indications of interac
tive potentiality are, on the one hand, functional
indications, but, on the other hand, they have truth
conditions testable by the system itself. Such indi
cations are the primitive form of the emergence of
interactive representation.
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Indications ofpotential interactions constitute an
emergence of minimal representationality in the
sense of having truth values determinable by the
system itself. They do not, however, look much
like representations of our familiar world ofobjects
in space and time, related causally, with other
agents, language, and so on. They are a form of
representation most readily found in primitive sys
tems, such as paramecia.

From Action to Objects
Nevertheless, the claim is that this is the primitive
form of representation out of which all others are
constructed. That claim is a programmatic claim
that can only be demonstrated progressively via
presenting the models of such constructions (see
below). Models ofthe nature oflearning, emotions,
consciousness, language, perception, memory, val
ues, rationality, development, and others have, in
fact, been offered (Bickhard, 1 980, 1 99 1 b, 1 992a,
1 992b, 1 992c, 1 993; Bickhard & Campbell, 1 992;
Bickhard & Richie, 1 983; Campbell & Bickhard,
1 9 86, 1 992). Obviously, much more work remains.
The critical point for my current purposes, how
ever, is that interactivism does constitute an alter
native to the standard correspondence notions of
representation-the notions of representation upon
which computational ism is founded.

Pragmatism
Interactivism is a model of the emergence of rep
resentation out of action and interaction, rather
than as a form of correspondence. As such, it par
ticipates in a tradition that has looked to action for
representation-pragmatism. There are many dif
ferences of detail and some fundamental differ
ences between interactivism and classical prag
matisms. The basic intuition, however, that repre
sentation is not a static correspondence, but
instead is a functional emergent of action is in
common.

Piaget and Objects
Furthermore, interactivism connects strongly with
generally Piagetian ideas from within the pragma
tist tradition (Peirce, James, Baldwin, Piaget) of
how our world of objects, and so on, can be con
structed out of action (Piaget, 1 954). Roughly, for
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example, objects, from a child's epistemological
perspective, are complex patternings of interactive
potentialities-visual scans, manipulations, trans
lations, throwings, chewings, etc.-that remain
invariant as overall patterns under large numbers
of possible interactions. None of the visual scans,
manipulations, etc., for example, change the over
all pattern of interactive potentialities that is that
object for the child. Burning or crushing, on the
other hand, would change those potentialities:
manipulable objects are generally not invariant in
their interactive potentialities under burning or
crushing.

Emergent Representation
and False Representation
Interactive representation is emergent in relatively
simply interactive system organizations. Most
importantly, it is emergent in organizations of sys
tern organization that need not themselves be rep
resentational at all. Interactive representation is
emergent de novo-it does not require that we
already have representation in order to get repre
sentation, as does encodingism. Consequently,
interactivism does not encounter the incoherence
of encodingism in accounting for the representa
tional content of its grounding elements-the inter
active ground is not one of elements at all, and the
representational content is the indicated potential
ity of interaction. It does not have to be provided
from anywhere else (Bickhard, 1 99 1 a, 1 993).
Furthermore, interactive indications are trivi
ally capable of being false and of being falsified.
There is no problematic of the disjunction prob
lem, and no necessity for gyrations such as the
asymmetric dependencies. These are red herrings
that simply do not arise from within the inter
active framework. These are symptoms of the
general approach to representation in terms of
correspondence, not fundamental problems about
representation per se (Bickhard, 1 99 1 a; Bickhard
& Terveen, 1 995).

THE DOMINANCE OF
COMPUTATIONALISM
Computationalism is an approach to cognitive sci
ence that is deeply embedded in the encodingist
perspective. Newell's symbol system hypothesis,
for example, is a straightforward, even somewhat
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naive, statement of encodingism, yet it is proposed
and accepted as the core foundation of cognitive
science and artificial intelligence (Newell, 1 980;
Bickhard & Terveen, 1 995), including of the major
project of SOAR, for which has been claimed such
wondrous properties as reflection, learning, intelli
gence, and other mental phenomena (Laird, New
ell, & Rosenbloom, 1 987; Laird, Rosenbloom, &
Newell, 1 986; Rosenbloom, Laird, & Newell,
1 988; Rosenbloom, Laird, Newell, & McCarl,
1 99 1 ; Bickhard & Terveen, 1 995). Lenat's CYC
proj ect, attempting to construct a truly gigantic
knowledge base of encodings-millions and mil
lions of "facts" requiring tens ofyears and millions
upon millions of dollars-on the assumption that
the only problem with previous encodingist efforts
i s that they have been on too small a scale, is
another testament to the power and ubiquity of the
encodingist assumption (Lenat & Guha, 1 988;
Lenat, Guha, & Wallace, 1 988; Lenat & Feigen
baum, 1 99 1 ; Bickhard & Terveen, 1 995). Encoded
propositions, encoded features, encoded entities,
encoded rules, completely dominate the efforts to
understand the cognitive properties of the mind.
Connectionism
Connectionism offers, in some respects, a major
alternative to standard symbol-crunching ap
proaches to cognitive science. It offers, among
other things, the possibility of training a system to
generate internal categorizations of input patterns,
instead ofhaving to design a physical transducer or
write a program. This has been construed as "learn
ing" and has been part of the source of the excite
ment associated with connectionist approaches.
There is much to analyze about connectionist
approaches, both strengths and weaknesses, but,
with respect to the basic issue of encodingism the
issue is clear: Connectionism offers no alternative
to standard encodingist assumptions concerning
the nature of representation. The distributed pat
terns of activation that are taken as "representa
tions" of input patterns in connectionist systems
are simply passive differentiators, in the interactive
sense, or noninferential transducers, in the symbol
manipulation sense, that are supposed to represent
by virtue of the correspondences they have with
those input patterns. Connectionist "representa
tions" are purported encodings (Bickhard & Ter
veen, 1 995).

Computationalism
Requires Encodingism
If encodingism fails, then computationalism nec
essarily fails. Without encodingism, computation
alism has no claim to be able to address the
fundamental problem of representation. Absent
representation, computationalism has no claim to
be able to address any intentional properties.
SUMMARY
I have argued that encodingism is incoherent and
that computationalism does therefore fail. It is in
serious trouble indeed. But a naturalism of mind
in which mind is addressed as constituted ofnatural
phenomena in the world, rather than as some super
natural intrusion into the world-is not precluded
by these arguments. Interactivism, in fact, offers an
alternative naturalistic approach to understanding
representational phenomena. Interactivism offers a
naturalism of representation that is not subject to
root incoherences, impossibilities of evolutionary
and developmental emergence, impossibilities of
error, and so on (Bickhard, 1 992b, 1 992c, 1 993).
Interactivism offers a natural approach to the natu
ralistic emergence of representation out ofnonrep
resentation.
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