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Abstract

In this work we start from the idea that intentionality is the chief characteristic of intelligent beha-
vior, both cognitive and deliberative. Investigating the ''originality of intelligent life'' from this
standpoint means investigating ''intentional behavior'' in living organisms. In this work, we ask
epistemological questions involved in making the intentional behavior the object of physical and
mathematical inquiry. We show that the subjective component of intentionality can never become
object of scientific inquiry, as related to self–consciousness. On the other hand, the inquiry on ob-
jective physical and logical components of intentional acts is central to scientific inquiry. Such in-
quiry concerns logical and semantic questions, like reference and truth of logical symbols consti-
tuted as such, as well as their relationship to the ''complexity'' of brain networking. These sugges-
tions concern cognitive neuroscience and computability theory, so to constitute one of the most in-
triguing intellectual challenges of our age. Such metalogical inquiry suggests indeed some hypo-
theses about the amazing ''parallelism'', ''plasticity'' and ''storing capacity'' that mammalian and ever
human brains might exhibit. Such properties, despite neurons are over five orders of magnitude
slower than microchips, make biological neural nets much more efficient than artificial ones even
in execution of simple cognitive and behavioral tasks.

Keywords: intentionality, cognitive science, artificial intelligence, connectionism, neural networks,

foundations of logic, diagonalization.

1.1 Introduction

In this work, we limit ourselves to “the originality of intelligent life”. We begin
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with the hypothesis that such originality depends in logic and psychology on in-
tentionality. We work from cognitive neurosciences, because this approach al-
lows us to deal with intentionality from a more rigorous theoretical perspective
than from classical ones, such cognitive psychology or phenomenological anal-
ysis. This methodology allows us to deal with our problem in an objective and,
at the same time, non–redutionistic way. In the study of mental processes, it
links the neurophysiological component with the logical (semantic) and thus
the psychological component — from the objective standpoint of the informa-
tion processing, not from the subjective one of the introspection on conscious-
ness states. The theoretical character of this analysis allows us to attain the on-
tological level of the analysis. I.e., allows us to discuss the metaphysical ques-
tion of the originality of the intelligent life (traditionally defined as the problem
of the immaterial character of intelligence) by using the “picklock” of metalog-
ic. In other terms, it becomes possible to deal with the metaphysical question of
the originality of the intelligent life, starting from the foundations of semantic
“objects” such as “truth”, “reference”, “meaningfulness” of statements in a
given language. Particularly, we start from the hypothesis that the process of
logical constitution of these semantic relations and operations requires to be
“implemented” in physical structures provided with given properties.
Our work is divided into two main sections. In the First Section, we deal with
the study of intentionality, as characteristic of intelligent life, in the framework
of Artificial Intelligence (AI) and of connectionism (Neural Networks, NN) re-
search programs. We show the logical and meta–logical limitations of these two
approaches to the problem of intentionality. In the Second Section, we discuss
the relevance of a particular approach to the problem of logical foundations af-
ter the Gödel incompleteness theorems and its relevance for the problem of in-
tentionality. This approach constitutes the logical counterpart of the well–
known epistemological theory of true knowledge as self–conforming (adaequa-
tio) of the mind to reality. This foundational theory consists in a particular ap-
plication to the constitution of the logical objects of Thomas Aquinas’s general
ontology. This ontology is founded on the real distinction between being as es-
sence and being as existence, considered as two metaphysical and/or metalogi-
cal constituents of each thing (either physical or logical). We emphasize partic-
ularly the relevance of this approach for dealing with characteristic problems
related to the Gödel incompleteness theorems for formal systems. The only way
to avoid such limitation theorems is to allow a change of axioms in the formal
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system concerned, so to make it “dynamic” or “recursive” in a deeply new
sense. We suggest the relevance of such an approach for a logically consistent
theory of intentionality, as well as for the solution of cognitive neuroscience
problems related to neural dynamics and neural computations relationships —
e.g., the true question of “parallelism” in brain computations, the “plasticity”
and the “memorization capabilities” of brain computations, with respect to their
artificial simulations. They are all questions for which neither AI, nor NN ap-
proaches to cognitive neuroscience, have satisfying solutions.

1.2 Intentionality and Cognitive Neuroscience

1.2.1 The Functionalist Approach in Cognitive Neuroscience

1 . 2 . 1 . 1 T h e O r i g i n s o f t h e F u n c t i o n a l i s t A p p r o a c h

When the AI research program was born in late 50’s, it was generally held that
a new age in psychological and neurophysiological studies was starting: the age
of cognitive sciences [1]. Effectively, this approach seemed to constitute an es-
cape from the old dichotomy in scientific psychology between:
1. the subjectivism of the introspective method of phenomenological psy-

chology, typical of the cognitivism of Gestalttheorie; and
2. the objectivism of the mechanistic method of associative psychology, typi-

cal of behaviorism.
By way of difference, the functionalist theory of mind introduced by Hilary
Putnam [2], argued that the objective correlate of a subjective state of con-
sciousness is double. It is constituted by the information flow of the logical op-
erations in the brain, considered as a logical (computational) machinery, and
not by the simple energy flow of its physical operations. Philosophically, the
problem of the mind – body relationship could be reduced to the problem of the
relationship between the software and the hardware of the computational archi-
tecture of the brain.
The functionalist approach in the study of mind is the final chapter of a long
history in the modern theory of mind that has the following main steps:
1. The first step was the development of a rationalist theory of mind by

modern philosophers such as Descartes, Leibniz and Kant. This theory



Intentionalty and Foundations of Logic. A New Approach to Neurocomputation

identifies the thought processes with formal inferences, with logical proce-
dures manipulation of symbols according to formal rules. For Kant these
rules and procedures are determined a priori in human minds and largely
unconsciously. They can become aware only after a long study, so that only
when they are thought in abstracto they become objects of a particular
science such as the formal logic [3]. Particularly, the core of the perception
is for Kant an act of productive fantasy. It consists in the development of a
particular schemes or “rules for the fantasy synthesis” for each abstract
concept. By this scheme, a given sensible intuition can be organized ac-
cording to a given formal concept for producing a determinate perception.
In short, in our mind we do not have the image of a dog. We have a rule for
the constitution of different images of the singular dogs that our sensibility
presents to us in different contexts. By this deductive scheme constitution,
for each abstract concept there exists a formal scheme for its application on
a domain of sensible objects. This “deductive schematism” is thus defined
by Kant as “an art concealed in the depth of the human soul, whose real
modes of activity is hardly likely ever to allow us to discover” [4].

2. The second step toward the functionalist theory of mind is the development
during the last century and the first half of our century of symbolic or ma-
thematical logic. The aim of this research program, started since the seven-
teenth century with Leibniz’s characteristica universalis, was the rigorous
construction of the formal logic as a logical calculus. This construction
reached its apogee at the end of the last century with G. Frege’s work. Both
the notion of propositional function, as a formal scheme with free variables
for proposition construction, and the notions of logical quantifiers, for the
construction of the class logic in the form of a predicate calculus were es-
sential. This improvement made possible the rigorous systematization of
the logical calculus into its main three branches of the predicate (class)
calculus, of the propositional calculus, and of the relation calculus.

3. The third step toward the functionalist theory of mind was the demonstra-
tion of a fundamental theorem of computability theory by the English ma-
thematician A.M. Turing [5]. According to this theorem, each computable
function of the mathematical and/or of logical calculus can be recursively
calculated through a finite procedure by an appropriate elementary compu-
tational architecture called Turing Machine (TM). Of course, the behavior
of each TM can be simulated by another TM, on condition that, onto the





Intentionalty and Foundations of Logic. A New Approach to Neurocomputation

mations” granting the relations of reflexivity, transitivity and symmetry
(and hence of equivalence and (extensional) identity) of the logical reason-
ing. These schemes are owned by the subject at the unconscious level, so
to recover to modern cognitive psychology the notion of the cognitive un-
conscious (see above p. 4) of the Kantian theory of mind schematism [9].

An essential difference with the Kantian schematism has, however, to be
soon emphasized. It is essential indeed for our aims of a theoretical treat-
ment of the perception problem within the framework of the cognitive
sciences. While the Kantian schematism is essentially deductive, Piaget’s
schematism would be inductive. What is essential for Piaget’s theory of
perception is in fact that the perceptual schemes of the operative intelli-
gence are submitted to a procedure of continuous redefinition with respect
to changing reality. It becomes possible by supposing a mechanism of as-
similation – accommodation of the schemes. That is, the new sensible
knowledge, as far as it cannot be assimilated to the old a priori schemes,
determines an accommodation of these schemes to the new occurrences. In
this way it grants the development in time of the intelligent capabilities of
the subject. This “evolutionary” idea of the scheme constitution recovers
thus to modern cognitive psychology the core of the Scholastic theory of
an inductive schematism typical of its theory of perceptual intentionality
[10].

Until now, Piaget’s idea has not found a proper operational correlate in the
modern theory of computability. It relies on reasons we illustrate in the next pa-
ragraph (See pp. 7ff.), ultimately depending on the same foundations of modern
logic and mathematics (See pp. 27ff.). Our systematic effort is thus related to a
re-consideration of the foundations of logic and mathematics to overcome these
essential limitations. They involve not only the psychology of perception and
the cognitive science, but also the modern theory of computability in its many
applications in all the fields of modern science.
Finally, and more deeply, these limitations involve the same destiny of realism
in modern epistemology (See pp. 16ff. and pp. 27ff.).
However, as far as we do not consider this essential point of the inductive ver-
sus a deductive procedure of scheme constitution, and we uncritically accept an
a priori constitution of the schemes in the cognitive unconscious of human
mind, the following conclusion is not hazardous. The functionalist approach to
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cognitive sciences is a sort of operational translation of the Kantian transcen-
dental philosophy of mind [11]. Namely, just as the very same software can be
implemented into different hardware’s, so, in the framework of the functionalist
approach, it could be possible to intend a computer simulating a formal opera-
tional scheme like a transcendental counterpart of what individual minds do at
the empirical level.
More precisely, this fundamental statement of the functionalist approach to the
study of mind can be synthesized in D. R. Hofstadter’s terms by the principle of
the “AI dogma”. Every time the computer simulated successfully a human in-
telligent behavior, the software of this computation must necessarily imply
some essential isomorphism with the “software” running in the human brain
[7].
This “dogma” exemplifies in one only statement the core of the famous Turing
test [12], because it is a direct consequence of the computability theory for
TM’s. Let us suppose that we have to test whether is it a human individual or a
computer the mysterious individual “who” is giving us the “intelligent” res-
ponses to our questions we are setting “him”. “His” mystery is that we cannot
see “him” because “he” is in another room and we can communicate with
“him” only through a teletypewriter. If a computer effectively gives these intel-
ligent responses, but they are indistinguishable from those normally given by a
human individual, the intelligent human behavior has been perfectly simulated
by the computer. Hence, according to “AI dogma”, some fundamental isomor-
phism must exist between the software running in the machine and the software
running in the human mind. The possibility that each TM can be perfectly si-
mulated by another TM “instructed”, “programmed” in a suitable way, implies
this consequence for the cognitive sciences.

1 . 2 . 1 . 2 F o r m a l s e m a n t i c s a n d t h e p r o b l e m o f s c h e m a t i s m

This possibility exemplifies also the response (see, for instance [11], [13-14])
that the functionalist approach tried to give to the problem of conscious inten-
tionality in terms of A. Tarski’s [15-16] and R. Carnap’s [17] formal semantics.
Indeed, what the Scholastic philosophy enhanced since Middle Age and mod-
ern phenomenological and cognitive psychology rediscovered since the pio-
neering work of F. Brentano [18], is the intentional character of any psychical
act as such. In other words, what characterizes any psychical act, as far as it is
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distinguished from a physical act, is its intrinsic reference to a content, or “ab-
outness”. This content has to be considered both in its extensional sense (that
is, as a given object either physical or ideal) and in its intensional sense (with
“s”, i.e., the intended meaning we associate to that object). In short, intending
an intensional content and referring to some extensional content is what consti-
tutes a psychical act as intentional. Hence, considering the act of thought in a
purely formalistic way without any reference to a content, in the sense of Des-
cartes’ cogito or of Kant’s Ich denke überhaupt, is rightly considered by the
phenomenology as a misleading abstraction from the real situation of human
psychology. When I think, I desire, I will, I feel, I perceive, etc., I think, desire,
will, feel or perceive always something! In this way, the problem of logical
truth of a given proposition has, from the psychological standpoint, an inten-
tional character and from the formal logic standpoint a semantic character. Se-
mantics is indeed the logical discipline which “deals with certain relations be-
tween expressions of a language and the objects (or “state of affairs”) ‘referred
to’ by those expressions” [16]. A. Tarski indeed, for the first time in the history
of modern logic, defined in a rigorous way for formal languages this semantic
relationship to a content (reference) and the semantic relationship of truth with-
in a purely extensional and formalistic approach to this problem.
Tarski solves the problem of a formal definition of semantic concepts like truth
by affirming the necessary semantically open character of any formal language
whose truthfulness has to be rigorously defined and hence (recursively) proved.
That is, in discussing the problem of the formal, consistent (i.e., that does not
imply contradictions) definition of semantic concepts, we have always to dis-
tinguish between two different languages. The first, the object – language, is
the language to be checked. The definition of truth we are seeking applies to
propositions of this language. The second, the meta – language, is the language
in which we “talk about” the first one and in terms of which we can construct a
consistent definition of truth for the first language propositions. Of course, the
two notions are relative and not absolute. Indeed, if we want to check the truth
of the proposition of the meta–language, we have to consider it the object –
language of another meta–language, and so on. The conclusion that no formal

language can be the meta–language of itself is directly related with Gödel’s
demonstration of incompleteness of formal arithmetic (Peano’s axiomatic
arithmetic), against original Hilbert’s formalistic program [16]. This is because
formal semantics must use a recursive procedure of satisfaction for defining
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number of terms [16]. The relationship of this theory of truth with Gödel
theorems is thus immediate. Indeed, such a recursive substitution implies
to have only one unary function for enumerating recursively a collection of
objects, so to have only one ordered sequence of them. In this way, a recur-
sive procedure of substitution is identical with that recursive procedure of
coding called Gödel numbering. The essential result of Gödel theorems is
indeed that such a coding function cannot be written in the same formal
language (arithmetic) in which the objects and/or the functions to be enu-
merated are written. That is, it is not possible to conceive such a substitu-
tion procedure as a diagonalization procedure. A diagonalization procedure
can be defined as the iterative procedure of substitution of an n–ary func-
tion with an unary function. For instance, given a binary function of the
type h (x, z) or fz (x), the diagonalization would consist in its iterative subs-
titution with the unary functions h (x, x) or fx (x). This last way of writing a
unary function, fx (x), is notable because in it the same x plays the double
role of argument and of index of the same function. This suggests that the
diagonalization procedure is effectively a procedure of class closure by di-
agonalization, that is, the computational counterpart of the logical notion
of complete induction [19]. This suggestion is much more than a suspect in
the case of the substitution procedure relative to the notion of satisfaction
in Tarski’s theory of truth. Is not Tarski’s definition of truth identified with
the satisfaction of a propositional function simultaneously for all the ob-
jects of a given linguistic domain (see note 1)? If Tarski poses the distinc-
tion between an object–language and a higher order meta–language as ne-
cessary and sufficient condition for his formal (recursive) definition of
truth, is thus precisely because such a class closure by diagonalization can-
not be performed without contradiction inside the same formal language.
This demonstration is indeed the main result of Gödel theorems of incom-
pleteness of the formal arithmetic. This result, precisely through the work
of Tarski and Turing, can be thus extended to any formal language.

2. From the logical standpoint, another consequence derives from the
precedent discussion. As Tarski himself and Gödel rightly emphasized,
from such a semantic approach no absolute notion of truth becomes possi-
ble, even in a local sense, i.e., for a finite domain of objects. In this regard,
it is important to avoid a possible misunderstanding. It is really true that
Gödel theorems hold only for general recursive functions. That is, they
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properly hold only for functions defined on all their infinite domain of ap-
plication. On the contrary, it is impossible to exclude the convergence of
the recursive procedure for partial recursive functions [20]. Namely, it is
impossible to demonstrate Gödel results for recursive functions defined on
only a finite subset of their infinite domain of application. In this case, in-
deed, the recursive procedure could converge within the domain of appli-
cation even though out of the (sub–)domain of definition. In this sense, it is
formally correct to invoke with Kleene a healthy finitism to avoid the more
destructive effects of Gödel theorems in computability theory [20]. On the
contrary, in the case of the semantic notion of truth such a finitism has no
effect. Either finite or infinite a domain of objects is, to meet Tarski’s crite-
rion of satisfaction, it is necessary to migrate outside a formal language for
judging from a higher logical order the truthfulness of its propositions. For
this unavoidable necessity of a higher level meta–language, such a formal
definition of truth implies that truth notion cannot be absolute at all, but
always relative. Commenting on this evidence, Gödel in his philosophical
reflections rightly quotes Plato’s theory of truth. Especially, this result is
consistent with the truth theory expressed in Plato’s famous Letter VII. Ac-
cording to this text, any true knowledge necessarily exceeds any procedure
of demonstration as well as any “fixed form” of language. That is to say,
truth exceeds any “formal language” that pretends to assert forever its pri-
mitives and its rules. In short, for Plato as well as for Gödel, the logical
universals, either exist ultimately by themselves, or no consistent proce-
dure of construction (i.e., of formal definition and/or of formal demonstra-
tion) could ever pretend to constitute them.

3. Finally, from the epistemological standpoint, another consequence must be
drawn from the previous discussion that is essential for our aims. Owing to
its pretension of meeting the Aristotelian notion and hence the common
sense notion of truth, namely the notion of truth as “correspondence to re-
ality”, it seems that the semantic theory of truth implies by itself an epis-
temological position of realism. Effectively, K. R. Popper tried to interpret
it as a theory of truth as correspondence to facts [21], as if Tarski’s theory
of truth was able to give to Popper’s biology–inspired epistemology its ri-
gorous formal, and hence scientific foundation. This interpretation of Tars-
ki’s results is absolutely inconsistent and the possibility of interpreting the
semantic theory of truth as supporting a position of epistemological real-
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ism was always explicitly rejected by Tarski [16]. The semantic theory of
truth has nothing to say about the conditions under which a given simple
(“atomic” in L. Wittengstein’s terms) proposition (and overall an empirical
proposition) like snow is white can be asserted. As he correctly affirms, his
theory implies only that whenever we assert or reject this proposition, we
must be ready to accept or reject the correlated meta–proposition: the sen-
tence “snow is white” is true. In other terms, the semantic theory of truth
has nothing to do with the problem of the formal constitution of true prop-
ositions but only with the problem of the formal justification of true propo-
sitions. In other words, it is completely immersed within the axiomatic me-
thod identifying logic with the “logic of justification” of proposition al-
ready constituted, and not within the analytic method, identifying logic
with the “logic of discovery” (See pp. 27ff.). For this reason, in the ap-
proaches of the formal semantics and of the functionalist theory to the
problem of reference there is no room for the treatment of the problem of
the real reference (See pp. 33ff.). This problem is methodologically ex-
cluded in them. So, J. A. Fodor, quoting R. Carnap, rightly emphasized
that the treatment of the intentionality problem within the functionalist
theory of mind has to be conjugated with a rigorous principle of methodo-
logical solipsism [13]. In fact, the functionalist theory has nothing to do
with the problem of the reference to reality of some mental state. Better
yet, if we accept the use of Tarski’s and Carnap’s formal semantics within
the functionalist theory of mind as the only possible scientific counterpart
of the naive notion of intentionality in the “folk psychology”, the episte-
mological realism can be only negated in the name of the above remem-
bered methodological solipsism [11.13-14]. Any mind–state that we might
characterize as a “propositional attitude” (= the psychological counterpart
of a propositional function in the functionalist theory of mind) can refers
only to another mind–state or “mental representation”, like to the object
capable of satisfying it, for constructing valid propositions. And this is un-
avoidable in a functionalist theory of mind, precisely for the same reason
for which in formal logic and in formal semantics, “the fundamental con-
ventions regarding the use of any language require that in any utterance we
make about an object, it is the name of the object which must be employed
and not the object itself” ([16], p. 55). This is the core of the mentalist re-
presentationalism and of the logic nominalism intrinsic to the functionalist



Intentionality and Cognitive Neuroscience

approach [11.13-14]. It justifies completely Fodor’s pretension that the
functionalist approach is an operational counterpart of the Kantian theory
of mind and of his epistemological representationalism, against the episte-
mological realism.

If the formal semantics constitutes the operational counterpart of the intentio-
nality in the functionalist theory of mind, there is no room in the functionalist
approach for Piaget’s inductive schematism. A process of scheme accommoda-
tion poses itself at the level of the formal constitution of the scheme itself. But
it is precisely about this procedure of formal constitution of the logical symbols
that formal semantics has in principle nothing to say.

1 . 2 . 1 . 3 I n t e n t i o n a l i t y a n d t h e m e t a p h o r o f t h e t h r e e “ r o o m s ”

It is hard to defend the functionalist pretension of using Tarski’s semantics for
dealing with psychological intentionality, overall in the study of perception. In-
deed, what we mean by “intentionality” is not only the act of reflexive thought
of formal manipulation of logical symbols and relations already otherwise con-
stituted in our mind. In this sense intentionality could be in agreement with the
methodological solipsism of functionalist theory, as well as with nominalism of
Tarski’s formal semantics. On the contrary, intentionality essentially means the
act of productive thinking of new logical symbols and hence of new logical re-
lations. In short, intentionality is essentially related to the act of constitution of
symbols, and in the case of constitution of true symbols, intentionality is essen-
tially related to the problem of constitution of symbols adequate to the singular
context of their use. So, any scientific theory of intentionality must deal with
the problem of intentionality at the pre–symbolic level.
In summary, the formalist method requires that functionalism posits intentional-
ity only at the symbolic level of mental information processing rather than at
the more fundamental pre–symbolic level of the constitution of symbols.
This criticism against the functionalist approach to intentionality has been de-
veloped in the last twenty years. In this regard, two other counterexamples of
the famous “Turing room” metaphor have been proposed: the “Searle room”
and, more recently, the “Putnam room”. These two metaphors exemplify indeed
two main criticisms that can be posed to the symbolic treatment of the intentio-
nality problems in the functionalist approach. These criticisms are, respectively:
1. from the standpoint of the intensional (with s) logic approach to the theory
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of intentionality;
2. from the standpoint of the theory of coding in the logical foundations of

computability theory.
Let us begin with J. Searle’s criticism.

1 . 2 . 1 . 4 S e a r l e ’s “ r o o m” a n d t h e i n t e n s i o n a l a p p r o a c h t o i n -

t e n t i o n a l i t y

In order to exemplify in which sense the Turing test fails in proposing a valid
proof of the equivalence between a mind and a computer, J. Searle proposed the
counterexample of his “Chinese room” [22-23]. Let us imagine that a person,
who does not know at all Chinese, has to translate a English text into Chinese.
Let us suppose to give him a dictionary as well as the complete set of rules suf-
ficient for the exact translation of the text concerned. Even though this person
produced a text resulting in an absolutely correct translation for Chinese
people, nevertheless this person, just like a machine, would have not unders-
tood anything of what he produced. In other words, even though a Turing test
satisfies the criteria of an extensional approach to the problem of meaning,
nevertheless it is impossible to affirm that this approach can be considered as a
satisfying operational translation of what we designate as an intentional act of
knowing [22-23]. The “relation to a content” as characteristic of any intentional
act implies not only the extensional reference to names of objects, but also the
intension of a conscious significance by which we associate names and objects
in different contexts. Intending a meaning and by it referring to an object are
not the same thing, even though they are effectively always together in any
conscious intentional act.
This reciprocal irreducible character of the intensional and of the extensional
components of any intentional act is evident also in the logic of their linguistic
expression. In the intensional logic indeed the extensionality axiom and the re-
lated substitution axiom do not hold [24]. For instance, from the extensional
standpoint, the notion of “water” and the notion of “H2O” are to be considered
as synonyms, since they apply to the same collection of objects. From the in-
tensional standpoint, however, they do not have the same meaning; just substi-
tute the term “water” with the scientific term “H2O” in some poetic or religious
discourse. The result is meaningless. Owing to the exclusively extensional cha-
racter of the treatment of the semantic content in the functionalist approach,
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this approach is absolutely not sufficient for cognitive psychology.
Unfortunately, the constructive part of Searle’s theory of intentionality is void
of any theoretic and scientific significance. Nevertheless, what Searle’s criti-
cism rightly emphasizes is that the functionalist approach to the study of mind
cannot be at all adequate owing to its exclusively extensional approach to se-
mantic problems.
For these very same reasons W. V. O. Quine stated that the mind–body problem
is essentially a linguistic and not ontological problem [25]. So, because of the
extensional character of any scientific language, for him intentionality cannot
be at all object of scientific inquiry [26]. This reductionism, typical of the logi-
cal empiricism of Quine’s philosophy is typical also of P. Churchland’s inter-
pretation of the connectionist approach to cognitive neuroscience [27].
On the other hand, E. Husserl’s early attempt of an intensional approach to
foundations of formal logic cannot in principle lead to any constructive ap-
proach to the semantic problems of truth and of reference. Indeed, also the in-
tensional logic solution to the problem of truth supposes a sort of axiom of
completeness in formal logic. It supposes completeness at least in the funda-
mental sense of an equivalence principle between the non–contradiction prin-
ciple and excluded middle principle. Only by this equivalence can truth be in-
tensionally founded on the conscious evidence [28]. The necessity of this equi-
valence for any intensional theory of truth as evidence is the deep formal rea-
son for which Husserl abandoned his early attempts of an intensional founda-
tion of formal logic after the publication of Gödel results two years later the
publication of his main work on formal logic, Formal Logic and Transcenden-
tal Logic [29]. Indeed, the incompleteness of any formal language implies the
unavoidable presence in it of undecidable statements. That is, in any formal
language there is the unavoidable presence of true statements for which it is not
possible to demonstrate them or their negation, so to violate the excluded mid-
dle principle. Also for late Husserl works, just like for Tarski and Gödel, truth
can be thus only a sort of regulative idea in Kantian sense: something that is
“beyond” any formal language and demonstration procedure as Husserl’s late
idea of universal teleology exemplifies.
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1 . 2 . 1 . 5 P u t n a m ’s “ r o o m” : i n t e n t i o n a l i t y a n d t h e p r o b l e m o f

c o d i n g

One of the most exciting events in the brief history of cognitive sciences is the
abandonment of the functionalist approach by its supporter who introduced it
into the scientific and philosophical debate: the mathematician and philosopher
Hilary Putnam. This is related to the unsolvable problems of reference and
truth characterizing any intentional act, when approached from the standpoint
of the computability theory [30-31].
As we can expect from a cultivated logician and mathematician as Putnam is,
his complete theoretical conversion form the early functionalism posed the in-
tentionality question at the right place, both from the computational and from
the logic points of view. As we saw before (See pp. 7), any formal theory of
reference and truth is faced with the Gödelian limits making impossible a re-
cursive procedure of satisfaction in a semantically closed formal language (see
also note 1). What we emphasized as the core of the problem is that such a re-
cursive procedure for being complete would imply the solution of the coding
problem through a diagonalization procedure; that is, the solution of the so–
called “Gödel numbering” problem. In computational terms, the impossibility
of solving the coding problem through a diagonalization procedure means that
no TM can constitute by itself the “basic symbols”, the primitives, of it own
computations. For this reason Tarski rightly stated that, at the level of the prop-
ositional calculus, the semantic theory of truth has nothing to say about the
conditions under which a given simple (“atomic” in L. Wittengstein’s terms)
proposition can be asserted. And for this very same reason, in a fundamental
paper about The meaning of “meaning” [30], Putnam stated that no ultimate
solution exists either in extensional or in intensional logic both of the problem
of reference and, at the level of linguistic analysis, of the problem of naming.
In this sense, Putnam stated, we would have to consider ultimately names as ri-
gid designators “one - to - one” of objects in S. Kripke’s sense [32]. But no
room exists both in intensional and in extensional logic for defining this natural
language notion of rigid designation in terms of a logical relation, since any
logical relation only holds among terms and not between terms and objects, as
Tarski reminded us. Hence a formal language has always to suppose the exis-
tence of names as rigid designators and cannot give them a foundation.
To explain by an example the destructive consequences of this point for a func-
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tionalist theory of mind, Putnam suggested a sort of third version of the famous
“room – metaphor”, after the original “Turing test” version of this metaphor
and J. Searle’s “Chinese – room” version of it. Effectively, Putnam proposed by
his metaphor a further test that a TM cannot solve and that, for the reasons just
explained, has much deeper implications than the counterexample to the Turing
test proposed by Searle. For instance, Putnam said, if we ask “how many ob-
jects are in this room?”, the answer supposes a previous decision about which
are to be considered the “real” objects to be enumerated — i.e., rigidly desig-
nated by numerical units. So, one could answer that the objects in that room
are only three (a desk, a chair and a lamp over the desk). However, by changing
the enumeration axiom, another one could answer that the objects are many bil-
lions, because we have to consider also the molecules of which the former ob-
jects are constituted.
Out of metaphor, any computational procedure of a TM (and any computational
procedure at all, if we accept Church’s thesis) supposes the determination of the
basic symbols on which the computations have to be carried on. Hence, from
the semantic standpoint, any computational procedure supposes that such num-
bers are encoding (i.e., unambiguously naming as rigid designators) as many
“real objects” of the computation domain (See [31], p. 116). In short, owing to
the coding problem, the determination of the basic symbols (numbers) on which
the computation is carried on, cannot have any computational solution at the
actual state of development of the formal computability theory.
To sum up, for Putnam’s analysis, the functionalist approach to cognitive inten-
tionality has to do essentially with an inductive schematism of concepts and
therefore with the act of productive thinking for the constitution of logic sym-
bols (See p. 13). On the contrary, the functionalist approach can at last give
some limited operational version of the deductive schematism and hence of the
intentional act intended as an act of reflexive thought on symbols already con-
stituted. In other words, neither the problem of real reference nor of inductive
schematism, essential for a scientific theory of human and animal perception,
have in principle any solution from the functionalist approach to cognitive
science.
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computer), in a connectionist architecture no distinction exists between these
two components. The same units (neuron modules) devoted to process informa-
tion are those devoted to the information storage too. The information stored is
distributed along the weight connections where it is processed. For this reason,
in the connectionist realm, we speak of parallel distributed processing of in-
formation in such architectures [35].

1 . 2 . 2 . 2 T h e o r e t i c a l l i mi t a t i o n s o f c o n n e c t i o n i s m

From the logic and computational standpoint, a NN after the learning is equiva-
lent to a TM, reproducing in itself all the theoretical limitations we discussed
above, with respect to reference and truth. Of course, the novelty with respect
to classical symbolic methods of AI is the pre–symbolic task of the learning
phase by which a NN seems to constitute by itself the logical symbols of its
predicate calculus. The theoretical problem is the following: is a connectionist
NN in learning a computational architecture able to constitute formally its own
basic symbols intended as rigid designators of changing objects of the real
world? The answer is evidently negative. A NN could be effectively able to
constitute its own basic symbols iff, during the learning phase, was able to
modify, depending on input, not only the statistical weights of its fixed topolo-
gy of connections, but the same geometrical topology of the connections. On
the other hand, only in this case a NN will assume the typical dynamic and
computational characteristics of biological networking. That is:
1. From the dynamic standpoint, it will assume the characteristics of an unst-

able and even non–stationary dynamics. Indeed, in the connectionist NN’s,
despite the non–linear character of such dynamic systems, the information
(e.g., a pattern) is stored in each stable final state (fixed point attractor) of
its dynamics. That is, it is stored in some absolute minimum of the “ener-
gy” landscape (i.e., of some complex function measuring the distance be-
tween the actual state and some target state) of the dynamics. On the con-
trary, what is typical of real brain networking is the unstable character of
the signal transmission and processing among neurons. For instance, in real
brains, the firing rate of neuron spikes is continuously changing. In this
way, it becomes despairing any attempt to interpret in a frequentistic way
the learning rule for weight connections as, on the contrary, the Hebbian
rule pretends to do . Moreover, there is evidence in real brains of more
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deed makes inapplicable to deterministic chaos classical statistical methods
of signal analysis. In the last four years, however, one of us, developed a
new effective technique of pseudo–cycle extraction of any length, with a
computation time growing only linearly with the cycle length [42-45]. We
have the definitive experimental evidence that this method, based on the
new foundational ideas discussed in the next Section, can extract practically
all the pseudo–cycles of a chaotic dynamics.

Figure 3. Intuitive representation of the storing capacity of a chaotic dynamics

into the 2n pseudo–cycles among the n minima of its energy landscape. For in-

stance, if we imagine that each minimum corresponds to a memorized feature of

a visual object, it is easy to understand that each class of object corresponds to a

cycle, i.e., a given combination of features. Moreover, by a simple phase change

(e.g., a change in the ordering of minima within a give cycle) the net could easi-

ly recognize the sameness of the object also under three-dimensional rotation in

the space. Finally, because we are faced here with pseudo–cycles and not with

cycles, it becomes easy to explain also the physical basis of the phenomenon of

similarity recognition (analogy) through such a dynamic structure of recogni-

tion.

Finally, there is an amazing evidence of the non – stationary character of
real brain networking. For instance, Positron Emission Tomography (PET)
techniques of inquiry give a sort of biological evidence of what logicians in-
tend with the notion of names as rigid designators of objects. Namely, in




