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In the present contribution we sketch an interpretation of the characterizing aspects of
processing taking place in the Default Mode Network based on a formal logic model
of the psychoanalytic theory. In particular, we apply a logical model of the structural
Freudian Unconscious as described in the so-called Bi-Logic introduced by the Chilean
psychoanalyst I. Matte Blanco. We ground our proposal in the original Freudian proposal
concerning the distinction between object and wordpresentation, and we devise a formal
logical model of this distinction in order to explaining some structural invariances of the
psychoanalytic view of mental processes on one hand and some recent evidenceson the
processes of the Default Mode Network on other. Finally, some clinical implications of the
model are discussed.
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Introduction
The quest for an understanding of how the changes in our minds
are related to the changes in our brains has occupied mankind for more
than a century. Today, the techniques of functional neuroimaging
represent the basic tools for progress in the field of human brain
mapping, defined as the visualization of the brain areas and their
interconnections engaged in a certain function by using non-invasive
techniques.1,2 These thriving fields of basic and clinical neuroscience
are commonly based on the investigative strategy combining
experimental designs of experimental (mostly cognitive) psychology
and the use of functional brain imaging techniques.3 One of the most
recognizable findings stemming from this research is the serendipitous
discovery of a vast functional network of brain regions called Default
Mode Network (DMN).4-6 DMN represents the neural substructure
of a multitude of essential mental functions such as self-referential
thought processes.7-9 Integration of the idiosyncratic memories and
worldly information10,11 and so on. Furthermore, anomalies in the DMN
functioning have been correlated to pathogenesis of different mental
disorders such as schizophrenia,12-14 Autism Spectrum Disorders
(ASD)15-18 and Major Depressive Disorder.19-24 However, despite the
impressive progresses hitherto made, there is nevertheless a need for
a theoretical framework in order to integrate converging empirical
findings into a cogent theory, which in turn could support the next wave
of hypothesis-driven research into the neural underpinning of mental
function. One of the areas that has received most attention regards
the possibility of rapprochement of neurosciences and psychoanalytic
theories.25,26 Thus, in this work we would like to propose the idea for
a formal framework, based on a logical model derived from quantum
cognition27-29 for the integration of the results from the neuroscience
concerning the DMN and the field of psychoanalysis.

The Default Mode Network
In recent research, in order toendow the interested scholars with
a theoretical basis for neuroscientific research, cognitive models,
predominantly based on the idea of structure-function associations
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were proposed.26 Among others, these models precluded the
possibility of studying implicit and affective processes (idem) and
their strict focus quickly became an obstacle to further developments.
However, a serendipitous ﬁnding emerged nonetheless in the context
of a paradigm that was not expecting it, and that did not initially have
the conceptual tools with which adequately to interpret it - in 2001,
Marcus E. Raichle and colleagues published a paper that introduced
the concept of default mode of brain function - an organized mode
that is present as a baseline or default state and is suspended during
speciﬁc goal-directed behaviors,30 underlined by a speciﬁc set of
neural regions. Two years later, Greicius and colleagues31 coined the
functional-anatomical term Default Mode Network (DMN), arguing
that it “account[ed], in large part, for the phenomenon of taskrelated decreases in brain activity’’(2003, p. 256). These findings
re-introduced the concept of vast neural networks underpinning
mental functions into the research on mind-brain connections26 and
contributed to the emergence of the new wave of empirical studies
and theoretical considerations capable of containing the results.
However, the latter are still problematic and thus scholars have been
exploring new interdisciplinary areas of integration to create a suitable
conceptual framework.

Psychoanalysis and Neuroscience
As highlighted by Cieri and Esposito26 in 2019 among others,
neuroscience can analyze the physiology of mind in accordance
with a psychoanalytic paradigm, following Freud’s original project.
As is well known, Freud’s first attempts to model psychic processes
were devised in neurological terms.32 However, as pointed out,
the technology at the time was far from capable of allowing for a
meaningful exploration of the neural correlates of mental functions
as proposed by Freud so he had to settle for a purely psychological
modelization.26
However, recent years have seen a renaissance of the idea of
pinpointing the neural bases of various elements of psychoanalytic
theory.33,34 The majority of this scholarship is focused on the energy
dimension of the theory and using the Free Energy Principle put forward
by Freeston and his collaborators35,36 in 2010 to create a conceptual
superstructure capable of linking the two domains of research. For
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instance, the activation of DMN has been frequently associated with
the mode of the Unconscious,37 with the creativity by means of free
associations38,39and as a target structure of psychoanalytic and other
therapeutic practices.40-42

common process of information elaboration based on standard logical
reasoning, infinite singletons require a non-standard logical setting
(the Unconscious is nevertheless “the realm of the illogical”52 that can
be proved to correspond to the elements of the Primary Process.48

A formal idea encompassing mental and
neural processes

Furthermore, we have shown that infinite singletons can emerge
only when mental elaboration takes place in absence of the external
reality, that is, when the mental content cannot be represented by
linking it to an external stimulus. We consider that the characterization
of an external stimulus necessarily amounts to the creation of a more
defined mental object. For, we recognize something as external
since it differs, is separated, from our internal elements (idem) and
so it has a different quality that can make it representable not by an
infinite but by a finite singleton. Ultimately, it could be characterized
by a word of the language, therefore acquiring a closedcharacter
and becoming mentally processable, unlike the raw and undefined
object representations. Moreover, we have advanced a description
of the logical features of the process of representation of symmetric,
corporeal Unconscious elements via their instantiation through
singletons embodying word concepts,48 a perspective that can be
likened to Bion’s alpha function theory53-55 and mentalization theory56
among others.

Our approach is somewhat different and is based on ideas advanced
by Freud, the neurologist, before the birth of the psychoanalytic
method. Namely, we consider Freud’s study “On Aphasia” of 1891,43
where he first developed a coherent model of psychic functioning.
This psycho-physiological model was based on the construct
of mental representation, individualized as a building block of
our mental life. In this view, psychic functioning is rooted in the
vicissitudes of representations of objects (both of our internal as well
as external world) and the representation of their verbal correlates,
that is, of the words. The two types of representations have peculiar
characteristics - representation of objects, i.e.thing-presentations, are
open, while the word-presentations are closed. Here we find the first
intellectual seeds of the psychoanalysis as talking cure44 - in Freud’s
view, it is only through a link to a word that an object can enter our
consciousness. Also, thing-presentation is the necessary assumption
to obtain word-presentation, whereas in the case of a rupture of this
connection we have a case of aphasia. Therefore, the very essences of
the psychoanalytic method was devised as a creation of the conditions
to make thing-presentations finally emerge to consciousness through
words.
Afterwards, in his First Topics, Freud further elaborated these
considerations and proposed the constitutive difference between
the Primary Process, which deals with thing-presentations and the
Secondary Process which rather concerns word-presentations.45
A generation after Freud, a further characterization of the
functioning of the mind has been proposed by the Chilean psychoanalyst
I. Matte Blanco.46,47 His aim was to set forward a new epistemological
foundation for psychoanalytic theory, based on a development of a
formal model of mind functioning.46 Namely, he considers the totality
of psychic processes in terms of two logical principles underlying the
conscious and unconscious thought. The former is grounded in the
classical, Aristotelian logic, while the latter is the realm of the principle
of symmetry (ibidem). The two principles embody the structural
and irreducible differences between the conscious and unconscious
processes, mirroring Freud’s description of the characteristics of the
structuralUnconscious45: the peculiarities of Unconscious thought are
thus positively epitomized by the symmetrization and indivisibility
of its elements46: Matte Blanco’s theory is known as Bi-Logic and is
firmly grounded in clinical practice, particularly in his observations
of schizophrenic thinking: in such a case, the symmetric mode is
apparent because it overflows into consciousness Previously, we have
advanced a formalization model of the Bi-Logic theory,48 based on
mathematical-logical notions developed in a context that could be
described as computational psychoanalysis.49,50 In our model, we
interpret the infinite, indivisible and symmetric objects of the Ucs as
infinite singletons27,51 that is, particular sets given without specifying
their elements, namely without words. This theoretical construction
has allowed us to describe the objects of the Ucs in an open way and
therefore to find the correspondence with thing-presentations. On the
other hand, we describe word-presentations as correlates of definite/
finite singletons - the normal sort of singleton - that is, a set made of
a single element, which is definitively described by a corresponding
word. While the latter category of elements can be subjected to any

In the present attempt, in a context of a dyadic and monist view
of the correlation between psychological systems and their neural
basis,26,57 we would like to highlight the structural analogies between
the aforementioned logical features of mental processes and the
integrative, meaning-based role of the DMN in the interplay of internal
and external information. As described by Yeshurun and colleagues11
in 2021, the DMN seems to be, among else, a central “sense-making”
network, entrusted with the difficult task of creating meaningful
models for the interpretation of the dynamic changes in external/
internal environment. Activation patterns in the DMN can account
for the individual differences in interpretation of the surrounding
world and its levels of activation are seemingly dependent on the
situational coherence and meaningfulness of the experience (idem).
These aspects are coherent with the psychoanalytic view in which in
our mental space, any representation can stand for or symbolize any
other mental content as long as its meaning is conserved.58 Likewise,
from the point of view of both the psychoanalytic theories and the
scholarship on the DMN, the process of coherentization guided
by meaning seems to be the main focus: indeed, our proposal of a
formal model based on the notion of the infinite singleton advances
a hypothesis that one corresponds to the other. Namely, our model
accounts for the structural invariances in the elaboration processes
on two levels - the psychological and the neural ones. Summing up,
in terms of our formal model, we would like to propose a formal
theoretical superstructure based on the idea of structural analogies
between the information processing in a psychoanalytic framework
and the findings on the integrative role of the DMN.
This theoretical construction entails the possibility of DMN being
the neural correlate of the process of instantiation of infinite singletons
into the finite ones via the integration of individual idiosyncratic
memories and beliefs and the external inputs related to the specific
reality situation. Our model draws on a consistent empirical support
indicating that the DMN activation is meaning-dependent and that, on
the contrary, the DMN does not respond to low-level stimuli and to
any change that does not modify their semantics.10,59-61 Furthermore,
there is robust experimental evidence supporting the idea that the
DMN is structure responsible for the functional incorporation of
the sensory and motor modalities into word concepts.6. Finally, the
quintessential role of consciousness in our mental functioning mirrors
well the type of thinking processes that can be associated with the
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DMN, that is “…the DMN’s functioning concerns its involvement in
inner mental processes far from all external stimuli, building dynamic
mental simulations…”(p. 6).26
We must mention that the idea of correspondence between the
DMN functions and the Freudian concept of Secondary Process63
has been already proposed - for instance, Cieri and Esposito26 in
2019 advance the hypothesis of the link between the function of
Ego, as described in Freud’s Second Topics,62 and the DMN, in the
aforementioned perspective of Free Energy Principle.35 Nevertheless,
as Matte Blanco pointed out,47 the structural view of the Unconscious
proposed in the First Topics is hidden by the successive tripartite view
of the Second Topics, with the result that the indispensable function
of the Unconscious does not result clear anymore. Here, we would
like to stress its role even for the Ego functions and in doing so, we
are more in line with the interpretation proposed by Rizzolatti and
colleagues in 2014, according to which the DMN should instantiate
that part of Ego functions that is responsible for the unconscious Ego
processes.34 Furthermore, this view is coherent with Matte Blanco’s
statement that mental life is described by a Bi-Logic system always
comprising the interplay between the symmetric and the asymmetric
functioning of the mind.48

Some potential clinical implications
The conceptual interpretation we put forward entails some
immediate clinical implications. For instance, as already mentioned,
there is empirical evidence on the correlation of Autism and the
anomalies in the activation patterns of the DMN.64 Namely, in the
case of Autistic patients, the strength of functional interconnections
between different neural constituents of the DMN seem to be
insufficient.65 On the other hand, phenomenological accounts of
Autism point out the difficulties in the elaboration of external inputs,
as if the person suffering from this condition was overwhelmed by
external stimuli.66 In our view, the underlying problem between
these two streams of findings could be represented as a disorder in
the process of information integration. Subsequently, we can say that
this basilar problem unfolds on one hand as a necessity of mental
consideration of each stimuli in a singular and sequential fashion, and
on the other as a fragility of neural links between the different brain
regions of the DMN. Similar reconceptualizations of different mental
disorders in formal terms have been proposed by Saad67 in 2020 and
Cieri and Esposito.26

Conclusion
By combining the developments of the neuro-physiological
research on the DMN with the theoretical advances of the formal model
describing infinite singletons, we can go a step forward in integrating
psychoanalytic theory with ongoing neuro-scientific evidence. Our
model could represent a first step towards an unsaturated, coherent
theory of mental function, capable of containing the ever-growing
wealth of experimental neuroscientific evidence. Furthermore, it could
designate a new way of thinking about mental disorders and therefore
open new therapeutic avenues, based on a clear conceptualization
of the underlying problems. In this way the formal model of infinite
singletons would support the intrinsic coherence of neuro-scientific
evidence with psychoanalytic theory and clinical practice.
Finally, we would like to mention that a possible future
development of our theory is an interpretation in which judgements
can be considered as a particular finitization of infinite singletons
(Battilotti, Borozan, Lauro Grotto, in preparation), that excludes the
characterizing elements of the primary process preserving only a form
of infinite which can allow abstract thinking (in mathematical terms).

11

On one side, this would account for the peculiar characteristics of
high-functioning patients on the Autistic Spectrum. On the other, it
would allow for a more accurate description of the psychoanalytic
therapeutic approach: in such a hypothesis, the suspension of
judgment68 prescribed by the classical psychoanalytic approach
actually meets the need to preserve and enforce the DMN processing,
since any form for judgment could hurt and prevent from developing
these already dysmature functions.69
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