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Summary

Consciousness is most frequently defined as a subjective experience of mental processes.
The phenomenon of consciousness has always been a subject of great interest in various fields
of'science, including psychiatry, and the most prominent scientists have engaged in research on
it. The studies performed in recent years have brought about novel data on the evolutionary and
neurobiological attributes of this phenomenon. In the first part of the article, the evolutionary
concepts of consciousness are presented, going back to the beginnings of life on our planet.
They are proposed by such illustrious scientists as Joseph LeDoux, Daniel Dennett, Antonio
Damasio, and Arthur Reber. Each of them presents the issue of consciousness in the context
of evolution slightly differently. However, there are many similarities concerning the develop-
ment of the nervous system and mental life. The second part discusses the novel research on
the cognitive and neurobiological components of consciousness. Among many researchers of
this issue, we chose the achievements of two British authors such as Chris Frith and Anil Seth.
The neuroanatomical and perceptive aspects of both the level and context of consciousness
are provided. Besides presenting the contemporary evolutionary and neurobiological concepts
of consciousness, the article aims to bring closer the profiles of the prominent researchers
of neuroscience mentioned here. This term can be translated into Polish as “neuronauka”,
although our country’s most frequently used name is “neurobiologia.”
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Introduction

Consciousness is most frequently defined as a subjective experience of mental
processes. In this sense, it makes a fundamental aspect of the mental realm, and a phe-
nomenon of consciousness has always been a subject of great interest in various fields
of science, certainly including psychiatry. The research on this phenomenon often
made two preliminary assumptions. The first claimed that sensu stricto consciousness
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occurs exclusively in humans, and there is no convincing evidence for its presence in
organisms on a lower level of the evolutionary ladder. The second contention assumed
that given a par excellence subjective character of the phenomenon of consciousness,
its detailed investigation is extremely difficult or impossible. Some consciousness
theorists distinguished so-called hard and easy problems in their research. The first
pertains to the mere essence of subjective experience, while the easy one is associated
with the brain structures’ role and information mechanisms [1]. In the 1990s, the term
‘mysterianism’ (from the word mystery) was coined for the impossibility of resolving
the “hard’ problem, and the followers of such an attitude were called ‘mysterians’ [2, 3].

In the current article, we refer to these two assumptions based on the concepts and
results of studies performed in recent years. In the first part, we make it by presenting
the evolutionary concepts of developing consciousness going back to the beginnings of
life on our planet. The second part presents the novel research on the neurobiological
and cognitive components of consciousness. Both these issues were elaborated on by
illustrious contemporary scientists. Besides presenting the contemporary evolution-
ary and neurobiological concepts of consciousness, the article aims to bring closer
the profiles of the prominent researchers of neuroscience mentioned here. This term
can be translated into Polish as “neuronauka”, although our country’s most frequently
used name is “neurobiologia”.

The evolutionary concepts of consciousness

In2017-2019, four books appeared, authored by prominent neuroscience research-
ers, on the evolutionary context of consciousness [4—7]. Three of them were translated
into Polish [8—10]. In each book, the issue of the evolutionary aspect of consciousness
was presented slightly differently. However, all have some common features, picturing
the origin and progress of consciousness in the context of the development of the nerv-
ous system and mental processes. The chapter below discusses these four publications
and presents the profiles of their authors.

Joseph LeDoux

Joseph LeDoux (born 1949) is an American neurobiologist whose research, since
its beginning, concentrated on the processes of emotions, and the brain structure of
main focus was the amygdala. In 1996, the results of his experiments were described
in the book The emotional brain [11], which after several years was published in Pol-
ish [12]. Incidentally, the interest in the amygdala was also reflected in the musical
activity of Joseph LeDoux because he was a composer and originator of a musical
band named “Amygdaloids”.

One of the initial discoveries of Joseph LeDoux was the identification of two neu-
ronal information pathways to the amygdala associated with the perception of danger.
He showed that one is a ‘rapid’ subcortical pathway associated with an immediate
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behavioural reaction. The other path is slower and associated with the information
processing by the prefrontal cortex. This finding allowed for a better understanding of
excessive reactions to danger underlying the pathogenesis of anxiety syndromes and
post-traumatic stress disorder. Related to this was the research on the reconsolidation
of memory traces after a second exposition to a stressful situation, as well as the pos-
sibility of their blockade. The research collaborator of Joseph LeDoux on this issue
was a Polish psychiatrist from Krakow, Jacek D¢biec, currently working at Michigan
University in Ann Arbor [13].

In the 21* century, LeDoux continues and elaborates on the concepts of neuronal
circuits associated with anxiety and fear in the context of the organism’s response to
danger. They were reflected in his next book Anxious. using the brain to understand
and treat fear and anxiety published in 2015 [14] (it appeared in Poland under the title
Lek. Neuronauka na tropie zrodet leku i strachu [15]), and in the article with Daniel
Pine, published in 2016 [16]. The main message states that the activity of brain circuits
associated with anxiety is not identical to an experience of emotion. LeDoux proposes
two systems associated with fear and anxiety. The first is associated with a generation of
conscious emotions and mostly pertains to the cortical structures. Whereas the second
system acts mostly subconsciously and controls the behavioural reactions to danger.
In this process, the main role is played by subcortical structures (amygdala), sometimes
linked to the cortical regions. Given contemporary neuroimaging possibilities, such
a two-system concept can be significant for the treatment of anxiety conditions. When
significant amygdala hyperactivity is shown, pharmacotherapy would be the treatment
of choice. On the other hand, in the case of disturbances in cortical structures, psycho-
therapy would be recommended, aiming at learning to regulate emotional experience.
By the way, LeDoux touches on the issue of a ‘conscious’ perception of emotion. Ac-
cording to him, the brain circuits associated with anxiety and the immediate reaction
to danger are common for humans and other mammals. In contrast, the conscious
perception of emotions is characteristic mainly of our species.

In the book The deep history of ourselves. The four-billion-year story of how we
got conscious brain, LeDoux, in an extremely didactic and accessible way, provides
the most current data on the development of the evolutionary tree from the single-
celled organism until the Homo sapiens [8]. Presenting his view on the genesis and
development of mental life, he postulates that it became an expansion of so-called
survival behaviour, the elements of which already exist in the single-celled prokaryotic
organisms such as bacteria and archeons (the single-celled organisms living in extreme
conditions). The concept was recently elaborated in an article published in 2022 [17].

According to LeDoux, the ability of the organisms to survive was substantially
improved by the nervous system coming into being and its further evolution in mul-
ticellular animals. He reckons that the creation of neurons had been followed through
little changes, in the course of a passage from such non-tissue animals as sponges, to
cnidarians, and the process took place between 800 and 500 million years ago. These
cells were produced due to a need for communication between sensory and motor ele-
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ments. The ability of the nervous system to learn in the process of evolution brought
about a possibility of diversification of body structure and reaching new environmental
niches. The development of the nervous system resulted in three double main parts
of the brain in the vertebrates: (1) the forebrain (prosencephalon) is responsible for
cognitive and motor functions, perception, learning, and memory; (2) the midbrain
(mesencephalon) governs sensorimotor reflexes, sleep and waking; and (3) the hind-
brain (rhombencephalon) is accountable for visceral reflexes. In the further part of
the book, LeDoux dishes up a synthesis of knowledge on the evolution of the brain
formulated in the 1950s by Paul McLean as a concept of the triune brain. According
to this theory, the forebrain of mammals consists of three superimposed brains: reptile
brain, paleomammalian brain (limbic system), and neomammalian brain. The most
advanced in the process of evolution is the cerebral cortex, and the human version of
it possesses the unique features responsible for the exceptional cognitive abilities of
the Homo sapiens. They are associated with the development of language, mentalizing
and reflexive autonoetic consciousness.

About the issue of consciousness, LeDoux gave a title for chapter 51 of the book
as Being there, which could refer to the book of Akil Seth Being you discussed in the
further part of the article [18]. LeDoux defines a conscious experience as viewing the
present time through the lens of memory which shapes a perceptual set. According
to the higher-order theory (HOT), consciousness acquires several levels. The higher
level, so-called autonoetic consciousness, is intrinsic to contemporary humans and is
associated with the dorsal prefrontal cortex and frontal pole. This kind of consciousness
also includes emotional experiences resulting from the processing of lower-level’s ele-
ments, associated with subcortical structures, e.g., the amygdala. Some features of the
lower level’s consciousness can occur in other vertebrates such as mammals or birds.

In 2011, Joseph LeDoux was in Krakow, lecturing at the conference organised by
the Copernicus Centre. His concepts on the pathogenesis of anxiety syndromes and
their relevance to the pharmacotherapy and psychotherapy have recently been reflected
in Polish psychiatric literature [19, 20].

Daniel Dennett

Daniel Dennett (1942-2024) was a professor of philosophy, recently working at
Tufts University in Boston. The issue of consciousness has been a dominant topic of his
60-year scientific research. His doctoral thesis, defended in 1965 at Oxford University
was published as a book Content and Consciousness.

The Polish reader has been fairly familiar with Dennett’s publications. His nine
books were translated into Polish, including four, mainly concerning the phenomenon
of consciousness. They are Natura umystow. Jak zrozumieé swiadomos¢ [21] (Kinds
of minds. Toward an understanding of consciousness [22]), Stodkie sny. Filozoficzne
przeszkody na drodze do nauki o swiadomosci [23] (Sweet dreams. Philosophical ob-
stacles to a science of consciousness [24]), Swiadomosé [25] (Consciousness explained
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[26]), and Od bakterii do Bacha. O ewolucji umystow [9] (From bacteria to Bach
and back. The evolution of minds [5]), which will be further analysed in more detail.

Dennett often uses computer terminology, naming the brain ‘hardware’, on which
‘software’ is installed, the latter encompassing language and memes. Hardware resulted
from biological evolution, and software — from cultural one. Consciousness plays the
virtual machine shaping these processes in the brain. Dennett’s model of conscious-
ness is called the Multiple Drafts Model. According to this, consciousness is a variable
stream transitioning from one draft to another. Several streams are governing different
functions of consciousness. The typically human stream is the one related to language
and memes..

Here, some space can be dedicated to the concept of ‘meme’ as the least unit of
cultural information, having the ability to replicate. The term comes from Greek,
where memesis means ‘imitation’. The concept was introduced by Richard Dawkins
in the book The selfish gene as an example of a replicator different from a gene [27].
According to Dennett, memes as notions expressed by words, have been significant in
shaping cultural evolution. They have been subject to the action of natural selection
without the necessity of increasing reproductory success. The current popular percep-
tion of the meme as a drawing with text elements, frequently of a humorous character,
is very remote from its initial definition.

The book From bacteria to Bach and back summarises Dennett’s views on the
evolutionary context of consciousness. Two mainstreams can be distinguished here.
The first is about developing the elements of consciousness during evolution, and the
second describes the ‘language’ genesis of consciousness in humans. Discussing the
development of consciousness during the evolution, beginning from bacteria, Dennett
reckons that so-called mental life has come into existence due to the affordances, which
denoted the possibilities of coping with the ambient world. The term ‘affordances’
was introduced into psychology by James Gibson in 1977 [28]. Using affordances, the
organisms have developed many adaptive abilities that have been consolidated during
evolution. However, Dennett points out that ‘to know’ does not mean ‘to understand’.
Initially, the organisms are not aware of the abilities which enable them the effective
functioning. The process of ‘understanding’ is progressing gradually, with the partici-
pation of the nervous system, making the inception of consciousness. However, the
final formation of consciousness in humans is achieved owing to language develop-
ment. According to Dennett, consciousness is a hidden verbal behaviour. The mind
can be defined as a cognitive activity of the brain and body, augmented and driven by
the language, whereas the consciousness is an experience of speaking and its content.
This concept has been frequently undermined by the observations showing that a loss
of speech does not result in a loss of consciousness.

In the context of the role of language and its evolution in the development of
consciousness, Dennett mentioned the concept of an Americal psychologist, Julian
Jaynes (1920-1997), formulated in a 1976 book titled The origin of consciousness in
the breakdown of the bicameral mind [29]. Despite the theory not being confirmed in
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the following years, it can be of interest to psychiatrists given its psychopathologi-
cal and evolutionary aspects. Therefore is worthy of providing it several sentences
here. According to Jaynes, consciousness developed not until 3,000 years ago, when
the dominance of auditory hallucination wore off. Up to this time, there had been
a bicameral mind. The first chamber was an unconscious observer of reality and
a passive performer of activities dictated by the second chamber. The latter was an
illusory speaker, giving orders for planned aims and deeds (e.g., as the voice of god).
According to Jaynes, the auditory (verbal) hallucinations in the form of commands
were natural during the preceding stage of language development. A receiving listener
would identify them as coming from a leader of the group, master, or god. Such hal-
lucinations played a communicative role, bonding human groups with several dozen
or more individuals. As a result of civilization turbulences in the second century B.C.,
such a form of communication vanished, and the processes of conscious perception
and decision-making developed. Reactivation of this psychopathological phenomenon
can occur nowadays in many psychiatric conditions, mainly schizophrenia.

Antonio Damasio

Anténio Damadsio (born 1944) is a neurobiologist of Portuguese origin, currently
working at the University of Southern California as a professor of psychology, philoso-
phy and neurology. Previously, he had been a chairman of the Department of Neurol-
ogy at the University of lowa for twenty years. Like former authors, most of Anténio
Damasio’s books were translated into Polish. Probably, the most popular became Bfgd
Kartezjusza. Emocje, rozum i ludzki mozg [30] (Descartes’ error. Emotion, reason,
and the human brain [31]), where Damasio firmly turned down Descartes’ dualism
of the soul and body. The Polish reader may also know his publications, significantly
concerning consciousness, such as W poszukiwaniu Spinozy [32], (Looking for Spinoza
[33]), Tajemnica swiadomosci. Jak ciato i emocje wspoltworzq swiadomoscé [34] (The
feeling of what happens [35]) and Jak umyst zyskat jazn [36] (Self comes to mind.
Constructing the conscious brain [37]).

Damasio reckons that the integral unity of the brain and body pertains to experi-
encing all mental processes that are particularly manifested for emotional functions.
According to him, ‘feelings’ are mental experiences of the body state [38]. This
concept refers to the first neurophysiological theory of emotions, formulated in the
19" century by the Danish scientist Carl Lange (1834-1900) and an American psy-
chologist, William James (1842—1910), known as the James-Lange theory. The theory
claims that the perception of emotional states is an experience of ‘peripheral’ somatic
changes occurring in response to stimuli of emotional valence. Damasio points mostly
to William James, whereas the review of the contributions of Carl Lange, the great
scientist and physician, who also introduced lithium carbonate for the treatment and
prevention of periodic depression, made a topic of the article of one of this paper’s
co-author [39].



The evolutionary and neurobiological attributes of consciousness: an update 439

Among many original Daméasio’s neurobiological concepts, the most popular seems
to be the theory of the so-called somatic marker. It depicts how emotions and their
biological substrate, both in the central nervous system and the whole body participate
in the process of decision-making. Because the gastrointestinal tract is substantial in
this process, the theory alludes to the phenomenon of ‘gut feeling’, which may mean
something like premonition or intuition [40]. The concept of the influence of the gas-
trointestinal tract on cognitive and emotional functions was already widely discussed
in the 19" century [41]. In recent years, the term has been travestied for defining the
role of the gut microbiome in mental functions [42]. Irish researchers reckon that in
the course of evolution, the expansion of the gut microbiome in mammals, including
humans, has played a significant role in the development of cognitive functions, social
interactions and coping with external stress. According to them, the gut microbiome
is an element of behavioural regulating system called the collective unconscious [43].

The book Strange order of things is among Damasio’s publications, the most
conspicuous for discussing the development of the nervous system and conscious-
ness in the context of evolution [10]. According to Damadsio, the leitmotiv for the
life phenomenon is living organisms striving for homeostatic regulation. Similar to
previous researchers, Damasio gives much attention to bacteria as the earliest living
organisms and, nowadays, the most numerous and diversified inhabitants of the Earth.
Furthermore, each human organism has ten times more bacterial cells (residing mostly
in the intestines), than its own cells. Damasio reckons that bacteria can ‘detect’ the
environment which property can make an inception of the consciousness.

In the opinion of Damasio, a homeostatic imperative was instrumental for emerg-
ing the multicellular organisms and sparking off a nervous system about 500 million
years ago. An original Damasio’s view claims that in the process of evolution, the
visceral nervous system was the first brain, preceding the central nervous network.
This view can relate to his concept of the somatic marker, pointing to the role of the
gastrointestinal complex in mental processes. Discussing the process of evolution,
Damasio thinks that between the cell sentience and completed mental processes, the
intermediate level consists of the most basic mental processes, i.e., feelings. They
constitute an internal state of the organism in which consciousness exists. The two
main features of consciousness: subjectivity and integration of experiences, are cre-
ated in many regions of the brain in cooperation with the actual body. In the context of
evolution, we experience mental processes as feelings because they are advantageous
for an organism and help produce the most homeostatic behaviours.

Arthur Reber

Arthur Reber (born 1940) is an American cognitive psychologist. His most sig-
nificant contribution to psychology was introducing the concept of ‘implicit learning’,
a kind of learning without conscious realization of either the process of acquiring
knowledge or the context of learning. Reber was also researching paranormal phe-



440 Janusz Rybakowski, Filip Rybakowski

nomena trying to prove that they do not exist. He was also a theorist and commentator
of gambling, especially of poker.

Reber’s book The first minds. Caterpillars, karyotes and consciousness is dedi-
cated to the evolutionary concept of consciousness [7]. The author admits that one of
the incentives to write it was an observation of a caterpillar’s behaviour. In the book,
Reber proposes a model of the Cellular Basis of Consciousness (CBC). He reckons that
the ability of perception (sentience) makes a fundamental property of life; therefore,
the phenomena of life and consciousness are mostly overlapped. In the context of
evolution, the development and conservation of appropriate features should meet the
following criteria: (1) (reproductive?) success in species having it; 2) conservation: in
a moment of inception, there is a consolidation and the basis for the features produced
in further period; (3) stability — the adaptative functions created in an earlier period
show less variability compared to those produced later; and (4) universality — prevalence
in various species. All these criteria are met by the phenomenon of ‘sentience’ occur-
ring already in prokaryotes (bacteria). Since it is: (1) as successful as other features
in evolutionary biology; (2) conserved and occurring in all organisms emerging later;
(3) stable and makes a basis for subsequent versions of perception and consciousness
developed later; and (4) reflecting the universality of perceptual, sensory, memory,
and motor functions as well as self-representation, occurring in all animal kingdom.

The CBC constitutes an original approach to the ‘hard’ problem of consciousness.
Instead of the search for how the brain produces a mind, consciousness is perceived as
an integral property of living organisms. Reber postulates using the modern methods of
molecular genetics and bioinformatics to identify the DNA sequences responsible for
the sentience in bacteria, which should be further present in the whole animal kingdom.
A significant evolutionary step was the organisation of this process in multicellular
organisms, developing after nearly two milliards of prokaryotes’ and single-cell organ-
isms’ existence, about 900 million years ago. The application of molecular genetics
and bioinformatics can also concur to better recognition of the biological basis of
sentience on a primary level and its further evolution until consciousness in humans.

Neurobiological and cognitive concepts of consciousness

The views and achievements of two eminent British scientists such as Chris Frith
and Anil Seth will be discussed, among many researchers on neurobiological and
cognitive correlates of consciousness. Similar to the previous chapter, their profiles
will also be presented.

Chris Frith

Chris Frith (born 1942) is a British cognitive neuropsychologist currently affiliated
with the University College of London and the Aarhus University in Denmark. For
psychiatrists, he is noted due to his research on schizophrenia. The most popular be-
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came his pathogenetic hypothesis of schizophrenia, known as the disconnection theory,
referring to the term schizophrenia, formulated by Eugen Bleuler. It postulates that in
schizophrenia, there is a disturbance in the integration of brain circuits, predominantly
in the prefrontal cortex and frontal lobe [44]. This phenomenon can make the basis
for the mechanism of psychotic symptoms, but also for mental incongruence, charac-
teristic of the deficit symptoms [45]. Many elements of the disconnection hypothesis
have been confirmed by contemporary neurobiological and neuroimaging studies [46].

Frith has also been extensively dealing with the issues of consciousness. In 2007,
he published a book Making up the mind. How the brain creates our mental world [47],
which in 2011 gained the Polish version entitled Od mozgu do umystu. Jak powstaje
nasz wewnetrzny swiat [48]. Frith’s views on the neuroanatomical basis of conscious-
ness were explicated in an article published in 2019 [49]. According to him, a definition
of ‘being conscious’ means “having subjective experiences”. In the phenomenon of
consciousness, two aspects can be distinguished: the level of consciousness and the
content of consciousness, associated with the activity of specific brain structures. Within
the level of consciousness, a ‘vegetative’ state can be discerned, where sleep-waking
cycles are present, however, there is no reaction to stimuli and no signs of intentional
behaviour. At a minimal level of consciousness, an individual shows a reaction to
stimuli and follows simple orders. In both these conditions, brain metabolism is re-
duced by nearly half, especially in the frontal and parietal cortex. In Frith’s opinion,
for the level of consciousness, significant are cerebral circuits, connecting thalamic
interlaminar nuclei with the prefrontal cortex and anterior cingulate cortex. He sup-
ports the integrated information theory (IIT). The IIT postulates a specific kind of
integration of information from multiple brain regions, which regulates the level of
consciousness. E.g., psychoactive substances can change the level. As a result, altered
states of consciousness arise, with such phenomena as experience of unity, disembodi-
ment, or complex imagery.

As to the content of consciousness, Frith draws from research showing that the
specific brain structures, so-called essential nodes can be established for the percep-
tion of various contents,. For example, for a perception of faces, there is the fusiform
face area (FFA); for an experience of touch — the primary somatosensory cortex; for
interceptive stimuli — the anterior part of the insula; and for motor experiences — the
pre-supplementary motor area. Whereas, for ‘conscious’ perception, communication
between these ‘nodes’ and the frontal and parietal cortex is necessary.

Similar to Reber, Frith thinks that ‘sentience’, as an awareness of an object, occurs
in many organisms. It probably originated 500 million years ago during the forma-
tion of the nervous system and the possibility of associative learning associated with
relation to the environment. Such a property became a feature of all organisms that
further developed because its presence and evolution allowed to implement the new
tasks associated with survival or better fulfilling the old ones. Whereas, the typical
human quality is the so-called metacognition, which includes thinking about an object
and sharing experiences with others. In a psychopathological context, such symptoms
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of schizophrenia as psychosis or lack of insight are regarded by Frith as disturbances
of ‘metacognition’.

The leading role in the phenomenon of metacognition, characteristic of humans, is
probably played by the brain structures which displayed the most extensive expansion
in Homo sapiens. They undoubtedly include the prefrontal cortex and fronto-polar
cortex (FPC). Whereas in recent years, it was found that the precuneus, located on the
medial surface of the brain hemispheres and qualified as a part of the parietal cortex,
showed significant expansion not only compared to chimpanzees but also to Homo
neanderthalensis [50].

The neuroanatomical basis of consciousness is also presented by Antéonio Dama-
sio in his book Feeling and knowing. Making mind conscious [52], (Odczuwanie i
poznawanie. Jak powstajq swiadome umysty [51]). It shows similarities and differences
with the picture depicted by Frith. According to Damésio, among cortical structures,
the most important for the conscious mind are the rear and side areas of the cerebral
cortex. These regions interact with the insular cortex, cingulate cortex, peripheral part
of the interoceptive system, and some brain stem nuclei. Daméasio’s view arguing that
the frontal and prefrontal cortex are not significant for the conscious mind, may be
surprising.

Modern methodology of neuroanatomical research on consciousness employs
mostly neuroimaging studies. They aim for the assessment of so-called self-referential
processing (SRP) that is self-feeling. There are two kinds of SRP. The first is associated
with the mind and verbalized in the process of introspection. Whereas the second one is
associated with the body and manifested by somatic experiences as interoception. These
studies evaluate both brain structures and their connectivity. The most frequently listed
in this respect are the ventrodorsal prefrontal cortex, entorhinal cortex, frontoparietal
control network, anterior cingulate, and insula [53].

Anil Seth

Anil Seth (born 1972), the youngest of the scientists discussed here, is a British
cognitive psychologist of Hindu origin, currently a Professor of Cognitive and Com-
putational Neuroscience at the University of Sussex. His views on the issue of con-
sciousness were presented in the already-mentioned book Being you. A new science of
consciousness, published in 2021 [18]. The book’s main message is that the perception
of the surroundings and the self is an active product of the brain activity. The brain
constitutes a prediction machine, whereas the final perception makes the best guess
of perceiving and processing stimuli. In the context of brain activity, such perception
can be described as ‘controlled hallucinations’. As early as 2013, Seth put forward
a concept that this fact concerns both exteroceptive and interoceptive stimuli [54].

This kind of activity also pertains to the integrated perception of own person,
which can be called self or consciousness. According to Seth, consciousness can be
regarded as a collection of perceptions (controlled hallucinations) concurring with the
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‘embodied selfhood’ or ‘being a body’. He proposes to distinguish within such domain
the “perspectival self”, ‘volitional self”, ‘narrative self’, and ‘social self”.

In an article published in 2022 [55], Seth discusses currently prevalent theories
of consciousness. Besides those mentioned in this paper, such as the HOT and IIT, he
distinguishes the theories such as global workspace, re-entry and predictive processing.
He points out the differences between these theories in explaining various aspects of
consciousness, suggesting also the appropriateness of their further specification and
the elaboration of ‘measurements’.

Until now, the neuropsychological research, among others based on the observa-
tions of psychological functioning after lesions of a particular cerebral region, greatly
contributed to the identification of both conscious and unconscious elements of sensory
information processing and memory processes. In neuropsychological understanding,
consciousness is best seen as an expression of global organization of the central nervous
system. An indication of this is a preservation of consciousness after damage of large
portions of the brain (including those thought to be associated with consciousness), as
aresult of brain reorganisation. This is mostly compatible with the integrated informa-
tion theory (IIT) of consciousness [56]. Neuropsychological methods used by Seth
are mostly dedicated to studying the processes of perception, both exteroception and
interoception. There were exactly the results of this research which brought about his
concept of perception as ‘a best guess’ and ‘controlled hallucinations’.

Summing-up

In recent years, consciousness research has made some progress. The four apostles
of the evolution of consciousness (LeDoux, Dennett, Damasio and Reber), agree that
the beginning of this phenomenon can be recognised in the first single-cell prokaryotes.
The evolution and development of consciousness progressed concomitantly with the
evolution of mechanisms that were essential for the life of animal organisms. These
mechanisms were called differently, e.g., survival, affordances, or homeostasis. Nev-
ertheless, all the researchers reckon that the highest level of consciousness, known
as autonoetic or ‘metacognition’, encompassing the thinking of objects and sharing
experiences with others, makes a characteristic feature of Homo sapiens. The four
mentioned books described the evolution of the nervous system and emerging new
neurobehavioral functions, with consciousness as a crowning achievement. Each author
pointed out the role of consciousness as an integrative mental function, evolutionally
advantageous, allowing for the adaptation to a great variety of ecological and cultural
milieux.

Apart from the four great scientists, an evolutionary concept of consciousness
elaborated by an American psychologist, Michael Graziano, may be mentioned. Grazi-
ano is a professor of psychology at the University of Princeton. He provided his theory
in the book: Rethinking consciousness. A scientific theory of subjective experience
published in 2019 [57] and in his recent article in the Proceedings of the New York
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Academy of Sciences journal [58]. Graziano discusses consciousness in the Attention
Schema Theory (AST) context. He reckons that the simplest components of attention,
i.e., competition between signals, had already been present during the emergence of
the nervous system. The evolution of the selectivity of attention brought about the
possibility of the modelling of attention both own and in the other individuals. This
ability has reached the highest level in humans, as so-called the theory of mind. The
brain structures associated with such activity include the superior temporal sulcus
(STS) and temporoparietal junction (TPJ).

However, information should be provided here that as early as almost fifty years
ago, a precursor of the evolutionary concepts of consciousness became Hoimar von
Ditfurth (1921-1989), a professor of psychiatry and neurology at the University of
Heidelberg and a great populariser of science. He provided it in the book Der Geist
fiel nicht vom Himmel” [59], which was introduced to a Polish reader in 1981 and
titled Duch nie spadt z nieba [60]. Many aspects presented by contemporary theorists
of the evolution of consciousness can be found here, such as invoking bacteria (the
chapter: Single-cell organisms as a probe of the brain), integrating mental and bodily
processes in the brain, and hierarchical systems of mental functions. The book was
never translated into English, which may explain its low perception among contem-
porary American and British authors.

It can be noticed that none of the mentioned publications pays major attention to
the shaping of consciousness in the course of ontogenetic development. Yet, it can be
suggested that for a better understanding of consciousness, it would be necessary to
have both a knowledge of its evolutionary history and its gradual emerging in child-
hood. As a Canadian developmental psychologist, Paul Bloom, observes, since early
infancy, the representatives of our species distinguish the inanimate objects from the
subjects capable of autonomous action, determined by aims and motives. This phe-
nomenon is important both for shaping self-consciousness and producing a dualistic
kind of thinking. In this, a subjective experience of mental and emotional processes
and a perception are not accompanied by an experience of physicochemical changes
occurring in the brain. Therefore, the beginning of his book’s title reads Descartes’
baby [61].

In recent years, updated information has been obtained as to the cognitive and
neurobiological (mostly neuroanatomical) aspects of consciousness. Among the cogni-
tive theories, that of Akil Seth comes to the forefront. As a mechanism of perception,
it postulates so-called controlled hallucinations and as a mechanism of consciousness
— their integration [18]. It can be mentioned that von Ditfurth also regarded a sur-
rounding reality as a production of the brain, constituting a kind of hypothesis about
the world or a project for reality [59].

The contemporary neuroanatomical concepts of consciousness claim that for the
processing of consciousness phenomenon, integrating brain circuits with some periph-
eral elements is necessary, which gives a subjective experience both for the environment
and the body. It seems that among the cortical structures, the most important are their
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rear and side parts (temporal and parietal lobes), and the majority of researchers also
point to the prefrontal cortex.

The studies on consciousness have contributed to a novel view of some brain
structures. One of them is the insula, located in the lateral sulcus of the brain (the Syl-
vian sulcus). The anterior part of the insula is probably responsible for the integration
of interoceptive stimuli, making a significant element of the subjective experience of
aphysical ‘self” and emotions. It is worth mentioning that this structure was discovered
by a German physician, Johan Christian Reil (1759-1813), who was the first to intro-
duce the term ‘psychiatry’ into medicine [62]. The role of the precuneus, constituting
a part of the parietal lobe, in the process of consciousness, has been strengthened by
the fact that this structure is expanded in Homo sapiens not only compared to chim-
panzees but also to Homo neanderthalensis [50]

A century ago, philosopher Henri Bergson assumed that living organisms so greatly
differ from inanimate matter that for understanding of their functioning, the reference
to a notion of a vital force (French: elan vital) is necessary. Nowadays, due to the
explanation of the genetic mechanisms, divisions, and differentiations of the cells as
well as homeostatic regulation, life is regarded as a collection of many precisely at-
tuned processes. Almost nobody explains life by the mysterious supernatural forces
or suggests its unknowable nature. With the development of neurobiology, the same
case will probably pertain to consciousness. It will not be regarded as a homogenous
mysterious phenomenon but rather as an assembly of self-steering, complementary
algorithms. However, some hindrances to this in humans may be a dualistic mindset,
which progresses during the development and can consolidate the belief of the distinc-
tion between the mental/conscious and material world.

The recent years can also be regarded as a time of some acceleration in conscious-
ness research. It seems that this will be proceeding and in not so distant future we will
be closer to the elucidation of this phenomenon. The books and articles mentioned in
this paper substantiated par excellence neurobiological comprehension of conscious-
ness. However, it needs to be clarified whether our inherited dualistic mindset could
be overcome, and consciousness can be regarded as a materialistic issue.
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