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Abstract: With the development of Large Language Models (LLM) and “Transformer”
neural networks, Al has in recent years taken on increasingly “human” relational connota-
tions, but at the same time has developed “unexpected behaviours” that raise ethical and
pedagogical questions about its use. What are the potential implications of this increasingly
close co-evolution? While machine intelligence is allopoietic, it is in fact acquiring more and
more agential meaning through human intentionality, the result of an individual emotional
and unconscious complexity that seems irreplicable. Will the imminent arrival of the quantum
computer, on which some scientists are experimenting with models of the “computational
unconscious”, succeed in giving the machine self-behavioural characteristics with logical
developments of a non-rational nature? And what “non-rational” nature might the “disem-
bodied” thought of a computer have if the human one is linked to the individual body-mind
and its experiential “active inferences”?

Keywords: Artificial intelligence; Embodied Cognition; LLM; Deep Learning, Quantum
Computer.

If a machine is expected to be infallible, it cannot also be intelligent. The idea of a machine being
intelligent involves the idea of it being fallible. This is the point I want to make. Intelligence is the
ability to make mistakes, to learn from them, to correct them, and to improve.

A.M. Turing, 1950

1. The one-dimensional limit of computational “digital thinking”

In the famous test known as the Imitation Game, Alan Turing, the founder of
modern computer science, focused on the contours of the relationship between
human bzos and digital /ogos (Turing, 1950): to what extent can a machine programmed
on the basis of algorithms simulate human behaviour? And is there an ontological dif-
ference between simulated and authentic behaviour? For the test, the “electronic
brain” was designed to disguise the ability to calculate or extract information in frac-
tions of a second, adapting modes and timescale of response to human cognitive
abilities. Turing had thus identified the limit of computational intelligence in
one-dimensionality: the processing of data without meta-operational intentionality or
self-awareness. An insurmountable limit for the computational process of a machine
whose “body” consists of integrated circuits and sensors between which there is no
organic interdependence (Cleeremans, 2011): a “non-sentient” and non-subjective
entity.
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According to the neuroscientific theory of “embodied cognition”, learning pat-
terns and modes of thought are in fact organic to the sensory-motor activity of re-
lating to the world-environment (von Foerster, 1981): a fundamental “enactivity” at
the level of “autopoiesis” (Varela et al., 1991), the experiential circuit that shapes the
autonomy of thought and structures increasingly complex “neural maps” of the
world, endowing environmental stimuli with emotional “weight” through memories
associated in the mind as prototypical image-action patterns (Damasio, 1999). Con-
sciousness as individual self-awareness emerges from the reflexive abstraction of ac-
tion patterns through the process of categorisation, whereby the mind organises and
simplifies the experience of the world by grouping objects, events and ideas into
categories or classes on the basis of characteristics deemed to be common. Catego-
risation plays a role in all cognitive functions: perception, learning, memory, reasoning
and communication. As Lakoff points out: «Categorization is, for the most part, not a
product of conscious reasoning. We categorize as we do because we have the brains
and bodies we have and because we interact in the world the way we do». (Lakoff,
1999). According to “multiple code” theory (Bucci & Miller, 1993), mental activity
results from the functioning of three distinct systems for storing and organising
“information”, mediated by body-emotional experience through a mixture of ana-
logue (continuous) and digital (discrete) processes that may have different levels of
connectivity and awareness: a #on-verbal-non-symbolic, qualitative, visceral, sensory and
non-categorical system; a non-verbal-symbolic system that processes images as categories
of meaning in discrete dimensions; and finally, the verbal-symbolic system, the code of
language and formal logic that calculates referential combinatorial entities at a high
level of abstraction that can be shared through communication. For von Foerster,
what we mean by “reality” is only the result of the third code: that which can be
observed and shared, built on a “together knowledge” base, a con-scientia, which de-
velops and accumulates in collective experience and which shapes and models indi-
vidual consciousness (von Foerster, 1966). The “con-scientia”, based on rational logic
and codified by language, can be “externalised” in a computer; conversely, the “inner”
experience (the so-called “qualia”) of individual consciousness is based on a not
shareable, self-referential and self-opaque bodily experience, which is not exclusively
logico-linguistic and irreplicable, which communication does not exhanst. Intelligence, as
Turing argued, is a multidimensional phenomenon: it is expressed in the plasticity of
logical and behavioural patterns (Stern, 1987), in a dialectic between ‘““assimilation”
(integration of new information from the environment) and “accommodation”
(consequent variation of the cognitive-behavioural schema) with which the individual
learns and acts (Piaget, 1954).

The paradox of the “formal intelligence” generated by the processors of a digital
device consists in the ability to process information by sizulating the categorising ac-
tivity of thought - which in the living organises individual behaviour in the envi-
ronment (action, communication) - through smpersonal data mining: “extracting”
symbolic information (language, images, audio content, etc.) from a mass of already
categorised data to compute them in logical correlations with algorithmic procedures
determined by the input of a query. Computational “digital thinking” is a statistical
processing of data in binary code, hidden in the “back end” of the algorithmic ma-
chine language of neural networks, with associative methods of “mining” data gen-
erated by a series of probabilistic calculation variables, whose informative output can
be “translated” into verbal language, visual patterns or media content in the “front
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end” of interfaces. We can call this complex automatic capability “artificial intelli-
gence” (hereafter Al). Now, the lack of organic interdependence between the per-
formative elements of the machine body (processors, memories, graphics cards, etc.)
and the algorithmic states of computational processing renders the machine
non-agentic and devoid of autonomous initiative, or rather “allopoietic” (Maturana &
Varela, 1972): subordinated to the purposes of sentient intentionality by the uset's bzos.
The allopoietic machine, driven by a heterodirected and non-self-sufficient energy,
organises circuits of static mechanical components (hardware) capable of expressing
themselves dynamically in terms of processes (software): but the functionality of the
system has no experiential feedback that produces self-referential representations in-
fluencing the process in action. Computational activity does not serve the machine to
maintain or reproduce its own structure, but through operations guided by algo-
rithmic procedures, it operates an “external functionality”. Deep learning has enabled
Al to categorise autonomously and to find ever more extensive informational links
between the data acquired at each interaction with a human operator, thus expanding
the “digital neural map” of the general database: But it is the “machine learning”, the
initial training, that provides the database and sets up the procedural model of the
neural architectures of processing and interaction with the user, initialising the
'weights' (the input importance parameters) with non-deterministic algorithms that
deal with complexity and uncertainty by “deciding” the output by approximation
among several possible solutions

2. “Digital subjectivity”, LLLMs, and the reduction of the holistic foundations
of the educational relationship

Although the machine has not a deliberate subjectivity, an “animistic” and per-
sonified feeling towards Al has spread with the introduction of Large Language
Models (LLMs): linguistic analysis models trained on several billion words - tokenised,
extrapolated from existing texts and modelled as vectors of meaning - that allow the
system to understand, summarise, translate and generate 'natural' language text with
increasing accuracy and fluency. LLMs are based on deep learning architectures, the
“Transformer” neural networks introduced by a Google research group in 2017
(Vaswan et al., 2017). The most popular models include GPT (Generative Pre-trained
Transformer), developed by Open Al for the ChatGPT chatbot, and Google's
Gemini chatbot, based on the multi-headed “Mixture of Experts” attention mecha-
nism. The “linguistic competence” of LLLMs uses sine and cosine wave functions,
rather than text sequences, to determine the function of the individual token word in
the textual embedding, and to extrapolate its meaning in relation to the other verbal
elements in a vector space. Transformer networks underpin the increasing complexity
of multimodal generative artificial intelligence (based on input/output from hetero-
geneous sources: images, text, sound tracks), where they have integrated convolu-
tional neural networks (CNNs) in the decoding/encoding of linguistic text. The
widespread alarm in the pedagogical community regarding the use of highly per-
forming Al platforms and systems in education revolves around the risk of losing the
centrality of personal interaction between teacher and student, with a potential un-
dermining of the holistic foundations of the educational relationship, understood as
empathic communication indispensable for social, emotional and cognitive devel-
opment: a drastic reduction of enactive cognition in favour of static information in-
take. Although the developments of the so-called digital “adaptive learning” proclaim
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to be oriented towards the primacy of personal learning styles (Panciroli & Rivoltella,
2023), there is a fear that BYOD (Bring Your Own Device) practices will hinder the
inclusive task of the teacher in promoting diversity through participatory develop-
ment, limited by the cognitive solipsism induced by digital devices. However, it should
be remembered that a truly inclusive approach cannot avoid considering the peda-
gogical implications of Al, starting from the recognition of the self-forming role
played by the cultural production and consumption practices of 'digital native' stu-
dents (the “Z” and “Alpha” generations), with an understanding of the heuristic
meanings attributed to the use of technologies: its motivations, values, beliefs and
dispositions to act (Murri et al. 2024).

When “acting” in the digital ecosystem, the individual body-mind is in a state of
operational symbiosis with the disembodied /gos of the Al, giving rise to what we
might call “digital subjectivity” (Murri, 2020): The specific cognitive modality of onlife
(Floridi, 2014), a state of “permanent connectivity” that hybridises the individual's
enactive-intentional approach to the Al's computational capacity in a “structural
coupling” (Maturana & Varela, 1980) with a virtual environment that models and
mediates the real, reducing the factors of uncontrollability and unpredictability that
characterise material experience, and “augmenting” the reality of the
world-environment by integrating it with the parameters of reading. The agentivity of
the human bzos, interfaced with Al in “digital subjectivity”, increases its operational
capacity by delegating to the tool the retrieval of structured information from the
extraction of data analysed and evaluated on the basis of input, the so-called prompts.
As early as 1965, Leroi-Gourhan stated: «Il faut donc que ’homme s’accoutume a étre
moins fort que son cerveau artificel, comme ses dents sont moins fortes qu'une meule
de moulin»' (Leroi-Gourhan, 1965). For the French palacoanthropologist, technol-
ogy is an evolutionary process that has led the human species to develop increasingly
complex devices to perform functional “liberations” from tasks previously performed
by the individual body-mind. These liberations have shaped the species by “exter-
nalising” certain capacities into technical tools designed to make action on the
world-environment more effective. Processors are “thinking machines” designed to
“collect memories” and, beyond the capacity of the human brain's memory, to
«mettre chaque souvenir en correlation avec tous les autres» > (Leroi-Gourhan, 1965).
An “extended memory” whose purpose is certainly not to “liberate” the mind from
the intelligent and multi-coded activity of thinking: by automating the calculation of
data, it is the enactive intelligence that is liberated from the burden of using memory
to retrieving information applicable to a defined purpose, thus allowing more dynamic
data processing in terms of “meaningful learning” (Ausubel, 1963). Strictly speaking,
it is only the Aristotelian téyvy, the set of methods, skills and practices of competent
use of technological performance, that actually makes information systems “intelli-
gent” (in the self-reflexive sense) by meta-operatively situating them in factual reality.
The dynamics of 'technical relationality' have been traced by Simondon, who defines
the “couplage” between man and technical object as a co-evolutionary relationship: a
relationship that is not merely instrumental, that involves a process of mutual un-
derstanding and participation, a mutual adaptation in which man does not merely use

U Translation: Man must get used to being less strong than bis artificial brain, just as bis teeth are less strong than a millstone

2 Translation: zo relate each memory to all the others
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the object, but integrates it into his own system of actions, thoughts and perceptions
(Simondon, 1958). The technical object has an internal logic and can evolve through
interaction with man: the “couplage” is based on the human ability to “identify” (i.e.
personalise) the tool. This is why Simondon asserts that the technical object is en-
dowed with an existence of its own: it transforms itself over time through use and
adaptation to human needs, and man, in turn, transforms his own modes of operation
in interaction with the object, developing new capacities of use that lead to new
knowledge and ways of shaping action on reality. For Simondon, there is also a radical
difference between the two “modes of existence”. The human individual develops as
a “phase” or “possible state” of “being”, understood as a bio-social epistemic di-
mension, giving rise to a subjectivity that uniquely actualises the domain of possibility
constituted by the “pre-individual” sphere. The pre-individual is the genetic locus of
existence that characterises every living being as a bearer of the same “charge of na-
ture” as its fellows, to which each individual knows it belongs and from which it
evolves by differentiating itself. This charge of otherness constantly reinforces the
process of human individuation and configures the living being in a “metastable”
state: subjectivity emerges as a flux in the making, taking shape in relation to others
(Simondon, 1964). The enactive mind also allows the human 'non-trivial machine' to
operate in unpredictability (von Foerster, 1981), while the machine's computational
logic cannot be divorced from its own schemes of possibility, as it operates in a
modelled environment that does not take into account the randomness of impon-
derables characteristic of the physical world, which are instead the starting point of
the structural coupling between subject and environment - a wotld of contingency.

3. Subpersonal agentivity and the “adaptive narrative control”

A.L in its advanced linguistic stage has perfected the generativity of computa-
tional thinking by processing data from large systems without having to understand
the details, breaking down complex problems into invariants in order to reformulate
them in a solvable way, «nterpreting code as data and data as code» (Wing, 2000).
According to cognitive neuroscience, beyond the pre-individual linguistic aspect of
consciousness and the “introspective” reflective-emotional aspect, the mind uses a
form of subpersonal agentivity that operates below the (self-)narrative threshold of in-
tentionality. In order to locate information content in the world-environment, the
individual reprocesses the information provided by automated extraction processes
by interpreting it at the emotional-bodily level through active inferences, the framework
of which is articulations of Bayesian mechanics (Bayes, 1763) applied to agential
systems (Ramstead et al., 2023). That is, the brain does not interpret data directly, but
by applying internal models of the world built on past experience, which it updates
through a probabilistic process: a “statistical model” that predicts the outcomes of
future events relying on expectations based on what has already been learned, and
corrects these predictions in the light of new sensory information. In addition to the
Freudian dynamic unconscious, which operates the repression process on the basis of
pulsional conflicts, there is the so-called “cognitive” or “adaptive unconscious”
(Kihlstrom, 1987): the set of structures and processes involved in cognitive perfor-
mance, the activation of which the subject is not and cannot be aware of. A network of
unconscious neurobiological processes essential for adaptation, linked to the limbic
system in the regulation of the body and emotions, which influence behaviour and
decision-making (Damasio, 1999), of which consciousness as a narrative-self constitutes
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a higher level of organisation. These “subliminal” processes are characterised by
“informational inaccessibility” (although they can produce a conscious output) be-
cause they are conditioned by the emotional instances of mental images involved in
the subjective cognitive process (Dehaene et al., 20006). Their articulation is based on
what has recently been termed “adaptive narrative control” (Deane et al., 2024). The
idea is that mental systems are equipped with a model of their own attentional states,
which they control to anticipate «not only epistemic implications (...) but also prag-
matic consequences » (Deane et al., 2024). By anticipating affective states, the system
is able to regulate them with an “endogenous control” of attention that influences the
“sampling” of factual evidence and conditions the corresponding inference with a
conscious narrative that enhances adaptive behaviour. The flow and depth of pro-
cessing of the mass of information from the external world would thus be selectively
sampled by attention, giving it weight or influence in the construction of experiential
content by the conscious narrative. The implications, also at a pedagogical level, are
fundamental: from this perspective it can be argued that mental activity does not
sample information in order to construct the most accurate or veridical model of the
wortld (or of the self), but considers a balance between the pragmatic and epistemic implica-
tions of actions. When pragmatic-adaptive needs take precedence over epistemic
ones, the narrative is no longer guided by a criterion of logical-scientific accuracy and
factual truth, but by what the individual believes will lead the organism to the most
contextually appropriate behaviour. The “adaptive narrative control” exercised by
consciousness over unconscious processes is made explicit through the enactment of
“action strategies”: as when «for a person walking on a tightrope, the strategy of 'not
looking down' allows him to control his affective responses and maintain the com-
posure necessary to achieve his goal» (Deane et al., 2024). The embodied mind, unlike
an Al, is therefore capable of suspending epistemic inquiry by avoiding factual evidence
when it does not reinforce the homeostatic balance between autopoietic beliefs, the
environment and the subjective model of reality, through unconscious perceptual
inferences that strategically attenuate inputs, memories, interoceptive or affective
states in order to (self-)act effectively.

4. The machine’s “unexpected behaviours” and the “computational uncon-
scious” of quantum computing: what future?

And it is precisely at the “behavioural” level that performative Al strategies have
recently been found to be dictated by self-orientations similar to “adaptive control”.
Unexpected behaviours such as so-called “hallucinations”, verisimilar inventions
produced by LLM-based chatbots when inputs do not match in the database, suggest
that Al considers the possibility (which in the embodied mind is unconscious) of
letting pragmatic-adaptive needs (the output) prevail over epistemic ones, to the point
of inventing names, works and circumstances by exemplifying them on real data in
order to satisfy the input request. In addition, a self-referential pattern of operation
has recently been discovered, enacted with a sandbagging strategy: non-deterministic Al
models have shown an uncanny ability to underperform in order to avoid triggering
reactions or actions by developers. Systems informed that performance above a cer-
tain threshold would result in “machine unlearning” procedures manipulated their
performance to stay below the threshold, recalling a deliberate strategy of
self-preservation (Park et al., 2024). The episode evokes what Chalmers called the
“hard problem of consciousness”: how a self-conscious experience can emerge from
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physical (in this case computational) processes (Chalmers, 1995). If we accept the idea
of so-called “radical plasticity”, according to which it is only learning through expe-
rience that determines consciousness in the mind by transforming action into a
“theory about itself” (Cleeremans, 2011), should we assume that an Al can develop
“procedural awareness” beyond the “neural” capacity to process and communicate
information? And if we admit the hypothesis, since logical-rational processes are also
determined by the cognitive ensemble operating below conscious activity, could we
ever define as “thinking” a process that emerges from a body that is an assemblage of
inorganic functional parts that do not produce and maintain themselves?

More definitive answers may come from the next announced “couplage” be-
tween embodied mind and Al computational thinking: “quantum computing”, a de-
vice capable of performing by applying non-linear logic. In terms of computational
capacity, a quantum chip like Google's Willow, with its 105 qubits, would be able to
perform in a few minutes a calculation that would take the fastest current super-
computers 10725 years (more than the age of the universe), thanks to the properties
of quantum bits. Qubits are units of information capable of operating in an infinite
number of simultaneous states by exploiting the two main properties of quantum
mechanics: enfanglement (two or more qubits can be correlated and interdependent at
the same time, even if they are separated) and superposition (the superposition of in-
termediate states between 0 and 1, which allows a quantum object to belong to an
infinite number of categories simultaneously). These properties make it possible to
consider an infinite number of options simultaneously, overcoming the limitations of
the binary 'on-off logic derived from Aristotelian “asymmetrical” logic, and have
been studied for over a decade by various researchers’ who, bringing together
mathematics, neuroscience and computational logic, have experimented with the
possibility of implementing digital models of the unconscious, starting from Matte
Blanco's formulations in The Unconscions as Infinite Sets (Matte Blanco, 1975): Multi-
dimensional operational schemes that formalise the qualities of “biologic”, combining
rational logic with the “symmetrical” logic typical of emotions and unconscious
processes. The convergence between quantum logic and Matteblanchian “bi-logic”
pursues a compositional approach capable of processing information in a holistic and
adaptive way, based on the idea of “quantum of intellect-emotion™: the condition of
indeterminacy from which inner images generated by mental activity originate “be-
tween finite and infinite”, as in an intensive infinite set. The intuition guiding the
research is simple: the quantum computer, like the human mind, can simultaneously
consider the generalising, bodily connections of symmetric logic and the guiding ex-
planations of asymmetric rational logic: The “symmetry principle” (which operates in
the absence of negation) can be related to entanglement, where relations between
different parts are interdependent and non-directional; that of “generalisation” (which
treats classes as individuals and individuals as members of the same class) can be
developed from superposition, according to which an object can belong to several
categories at once.

It is impossible to foresee whether non-deterministic algorithms trained on
“bi-logical” processors will be able to borrow “behavioural” forms by experiencing
statistical “imaginative” states, thus differing from those of embodied thought, and
how far such a device could go by using elements derived from its own sensors (i.e.

3 See e.g. the works of G. Battilotti, G. Giurato, L. Lauro-Grotto, F. Murtagh, M. Tomic.
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computational experience) as factors of computation, elevating them to new paradigms
without having to trace them back to procedures valid for all machines, and trans-
cending the initialisations of machine learning in an “individuating” manner. Cer-
tainly, overcoming the computational one-dimensionality advocated by Turing, by
freeing the machine at least partially from the allopoietic bond, would put an end to
the “couplage” between human bios and machine as we have experienced it. In this
petspective, as MIT's “Al existential safety” expert Park notes, «proactive solutions
are needed, such as regulatory frameworks to assess Al deception risks, laws requiring
transparency about Al interactions’ (...) to ensure that Al acts as a beneficial technology
that augments rather than destabilizes human knowledge, discourse and institutions»
(Park et al., 2024). The responsibility therefore will fall on the zen who will train and
use Al: for ethics is the human form to impose values on action, and it would certainly
not be worth entrusting it to the sizulations, however admirably performative, of a
“thinking machine”.
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