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ARTICLE INFO ABSTRACT

Communicated by: Fontanari The paradox of a brain trying to study itself presents a conundrum, raising questions about self-
reference, consciousness, psychiatric disorders, and the boundaries of scientific inquiry. By which

Keywords: means can this complex organ shift the focus of study towards itself? We aim at unpacking the

Theoretical neuroscience intricacies of this paradox. Historically, this question has been raised by philosophers under

50"5'3‘?_“5"955 different frameworks. Thanks to the development of novel techniques to study the brain on a
erception . . . .

Imms‘; ection functional and structural level - as well as neurostimulation protocols that can modulate its ac-
Neurophenomenology tivity in selected areas - we now possess advanced methods to progress this intricate inquiry.

Brain Nonetheless, the broader implications of the brain’s pursuit of understanding itself remain un-
clear to this day. Ultimately, the need to employ both perception and introspection has led to
different formulations of consciousness. This creates a challenge, as evidence supporting one
formulation does not necessarily support the other. By deconstructing the paradoxical nature of
self understanding - from a philosophical and neuroscientific point of view - we may gain insights
into the human brain, which could lead to improved understanding of self-awareness and
consciousness.

1. State of ‘mind’

The study of the human brain has fascinated us for centuries, leading to advances in our understanding of its structure and function
[1]. However, this pursuit raises a paradoxical question: how can the human brain, a complex organ of cognition and self-awareness,
study itself? Have you ever pondered this question, or to be more precise, has your brain? This paradox challenges our understanding
of self-reference, awareness, and consciousness [2,3]. For example, it has been argued that “adding observational, representational, or
control capabilities to a meta-level component of a system cannot, even in principle, lead to a complete meta-level representation of the
system as a whole.” In short, “self models cannot, in general, be empirically tested by the systems that implement them.” [4]. On the
other hand, self-reference plays a vital (sic) role in distinguishing between self and other; both neuronally and immunologically [5]
with Godelian foundations [6].

When we study a phenomenon, we do it exclusively through measurement and perception. However, this is no longer true when the
phenomenon under study is ourselves (i.e., when the brain studies itself). In particular, when the object of our inquiry is ourselves, we
need to recruit an additional cognitive process: introspection. Therefore, the paradox of the self-studying brain would stem precisely
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from this peculiarity. In this treatment, we consider hypotheses of consciousness emerging from introspection and perception as
distinct, thus leading to two different versions of the same hypothesis (the introspective version and the perceptive version). While the
hypotheses are different variations of the same hypothesis, evidence for one would not constitute evidence for the other, since both
have their own source. This paradoxical predicament emerges when the brain studies itself, which requires both perception and
introspection.

The paradox at hand is the notion of self-study or self-measurement, which is paradoxical in the sense a yardstick cannot measure
its own length - or the light that cannot illuminate itself [7]. The paradox of the self-studying brain arises because, unlike other objects
of study, the brain is both the subject and the object of its own investigation. This unique self-referential loop requires not just
perception but introspection, creating distinct forms of evidence that may not converge, as they stem from fundamentally different
processes [8]. This dual role introduces a fundamental asymmetry in the types of evidence available, as introspection and perception
produce hypotheses that cannot mutually reinforce each other.

This essay aims to address the intricacies of this paradox, offering perspectives on the brain’s pursuit to understand itself [9]. To
clarify the multi-layered nature of the self-studying brain, we can distinguish among four explanatory levels. At the epistemological
level, we explore the knowledge limits inherent to self-referential inquiry, while the ontological level addresses the nature of con-
sciousness as both an emergent and self-sustaining phenomenon. Methodologically, our approach integrates reductive techniques from
neuroscience; for example, functional imaging and brain stimulation, to examine the neural correlates of consciousness, but also
considers non-reductive, phenomenological perspectives to account for subjective experience. Lastly, empirical data can provide the
foundation for testing hypotheses across these domains. This approach addresses both reductive and non-reductive views in
neuro-philosophy, providing an inclusive basis for thinking about consciousness.

To appreciate the implicit paradox of self-understanding, it may help to consider the historical perspectives on the brain’s capacity
for self-study. Initial efforts to investigate the brain relied on external observations and anatomical dissections, yielding limited in-
sights into its internal workings [10]. However, the field of neuroscience underwent a transformation with the emergence of advanced
neuroimaging, enabling neuroscientists to examine the brain’s dynamics, connectivity, and functional architecture [11], thereby
establishing the groundwork for its ability to understand the world - and itself.

The paradox of self-study underwrites much of cognitive neuroscience. Cognitive neuroscientists employ a diverse array of tools to
unravel the intricate relationship between brain activity and cognitive processes [9,12]. Functional neuroimaging techniques, such as
functional MRI (fMRI) and positron emission tomography (PET), allow researchers to observe and measure proxies of neural activity
during various cognitive tasks, including self-awareness tasks [13]. These studies provide invaluable insights into the functional
segregation and integration involved in language processing, perception, memory formation, decision-making, and other cognitive
functions, often relating them to the cognitive ability to self-monitor [14]. Moreover, the use of electrophysiological recordings, such
as electroencephalography (EEG), magnetoencephalography (MEG), and intracranial recordings, offers higher temporal resolution, at
the expense of the spatial resolution of neuroimaging techniques based on brain metabolism or blood flow. In addition, dynamical
systems and information theory may offer more perspectives on how neural dynamics contribute to complex processes such as
self-referential awareness [15,16]. Through this approach, the brain’s self-referential nature can be understood not only by examining
its structures but also by considering how it organizes experiences across space and time. Such a perspective could explain the
mechanisms by which the brain generates self-awareness.

Furthermore, computational modelling has played a key role in simulating neural processes, building intuitions about how the
brain generates self-referential thoughts and subjective experiences [17,18]. Finally, advances in non-invasive brain stimulation
techniques, such as transcranial magnetic stimulation (TMS) and transcranial direct current stimulation (tDCS), have further
contributed to our understanding of the brain’s self-study capabilities. These stimulation procedures allow researchers to transiently
disrupt or enhance specific neural circuits, by modulating or disrupting neuronal dynamics and plasticity in brain systems associated
with self-referential processing, offering potential insights into how these circuits contribute to consciousness. For instance, TMS
targeting the temporoparietal junction has been linked with altered self-perception, suggesting a role in our awareness of self, as
compared to others [19]. This approach opens avenues for empirically exploring how subjective experience depends on particular
brain regions. In summary, by selectively modulating neural activity in specific brain regions, researchers can establish the causal
relationships between these regions implicated in self-awareness and other cognitive processes [9].

2. How can an organ become sufficiently sentient to study itself?

The experience of being and existing is a profound aspect of human consciousness. It arises from an interplay of cognitive,
perceptual, and introspective processes. In this context, a crucial process is self-reflection, which allows subjects to introspect and make
inferences about one’s own thoughts, emotions, and experiences. Additionally, the capacity for abstract thinking and symbolic rep-
resentation enables humans to contemplate their existence beyond sensory constraints [10]. Furthermore, sociocultural factors shape
our awareness of being - e.g., narrative self - through language, shared beliefs, and societal norms [20]. However, it is worth noting that
the nature of consciousness and its potential existence in other beings, such as animals and even plants, is a topic of ongoing debate and
investigation in both philosophy and neuroscience.

The notion that self-consciousness is a unique aspect of human consciousness could be nuanced, acknowledging the uncertainties
surrounding consciousness beyond the human experience. Indeed, it could be argued that conscious processing can only be inferred by
the Observer of something that looks as if it is conscious (please see below). Nonetheless, it is also important to acknowledge that
consciousness may not be a well-defined property (e.g., vague; in the sense of how many grains of sand constitute a pile). Accordingly,
consciousness entails a fundamentally subjective aspect that may not be reducible to objective or physical processes, and is hard to say
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what provides evidence for consciousness [21,22]. This property arises from a self-model generated by the brain, a multifaceted
collection of processes and representations that give rise to the experience of being oneself [23,24].

Throughout history, philosophers, scientists, artists, priests, and many others have pondered the essence of consciousness and the
complex connection between the mind and body; both from a historical and philosophical standpoint [25-27]. René Descartes’ theory
of dualism, which posits that mental phenomena are, at least in certain respects, not physical phenomena, i.e., the mind and the body
are distinct and separable, influenced our comprehension of the brain’s ability to self-reflect. Descartes’ dualism provided a framework
for thinking about mind and body as separate, yet his approach lacked empirical tools to test this relationship. Modern neuroscience,
by contrast, often seeks to bridge the dualism through integrated functional models of brain processes, but this effort continually
encounters the boundary of subjective experience that Descartes highlighted. The historical evolution from dualism to neuroscience
thus parallels our struggle with the self-studying brain, as it underscores the difficulties of reconciling introspective and perceptive
accounts.

Furthermore, early philosophical insights into this paradox can be traced back to Schopenhauer, who recognized the complexities
of the brain’s self-referential nature. Schopenhauer’s reflections laid a foundation for later philosophical discussions of the brain’s role
in understanding consciousness. In this regard, Georg Northoff’s influential work, particularly his book on the ‘brain problem’ [28],
emphasizes the tension between the brain’s objective mechanisms and its subjective experiences.

Nevertheless, contemporary science questions this dualistic viewpoint by appealing to the interdependence of brain function and
human psychology [2,29]. Therefore, an individual may ask himself: what is the intention behind the brain’s endeavour to study,
decipher, and comprehend itself? What is the ultimate objective? No one [brain] can answer this question [yet]. However, the brain’s
self-study capabilities have profound implications for our understanding of consciousness, self-awareness, and human cognition [30].
The implicit paradox challenges us to explore the subjective nature of experience and the potential biases or ethical considerations
introduced when the brain investigates itself [1,30]. Additionally, understanding self-understanding may hold potential for the
diagnosis and treatment of neurological and psychiatric disorders [9].

The concept of a system studying itself inherently involves self-reference, which has been extensively examined in mathematical
logic and philosophy due to its paradoxical nature. Self-reference is central to several classical paradoxes, including the Liar Paradox
[31] and Russell’s Paradox [32], and forms the foundation of Godel’s Incompleteness Theorems [33]. Within any sufficiently complex
formal system, there will be statements that are true but unprovable within the system itself, pointing to inherent limitations in
self-descriptive capacities. This perspective is further developed in the theory of undecidable propositions by Church and Turing [34],
where certain questions about systems cannot be resolved from within those systems. A synthesis of these paradoxes is provided by
Graham Priest through the "Inclosure Schema" framework [35], which formalizes the paradoxical aspects of self-reference. These
principles can also be applied to the paradox of the self-studying brain, as the conditions of the paradox satisfy both Transcendence and
Closure mentioned by Priest. Accordingly, in the act of studying, the brain attempts to include itself in the set of elements under
investigation, but in doing so it should be both within and outside the set, leading to a paradoxical situation. Therefore, we can
approach the question of reflexivity in cognitive systems: when a brain attempts to “study itself,” it might encounter logical boundaries
or paradoxes, hinting at fundamental constraints in our understanding of consciousness from a first-person perspective.

In this context, it is evident that the easy problem of consciousness is - and has been - addressed with increasing finesse using
modern neuroscience techniques (e.g., neuroimaging) to gather evidence for the hypothesis that you - as my experimental subject - are
a sentient artefact. If we treat this evidence gathering as a form of perception building [36], then the hypothesis “you are a sentient
artefact” is entertained in my brain to explain some statistical regularities in my sensory inputs, as opposed to irregularities that would
reflect prediction error.

This does not present a hard problem until I make a key move: does the hypothesis that you are sentient apply to me? Am I sentient?
This would be a straightforward question to answer if I could gather evidence from myself. For example, I could have the hypothesis
that you are ‘tall’ and confirm that hypothesis by measuring your height. It would be a simple matter to apply that hypothesis to me - i.
e., am I tall? - and test it by measuring my height. However, I cannot measure my own brain in a transparent (or opaque) way. This
follows from the fact that my internal dynamics and (belief updating) mechanics are, in virtue of their sustained existence, secluded
behind a Markov blanket or holographic screen, which represent the boundaries that mediate interactions between the inside and
outside of systems [37-39]. Breaching the boundary between my brain and the universe is precluded in an existential sense: e.g., I
cannot perform psychosurgery on my motor cortex, because I would not be able to move my scalpel or gamma knife: I cannot hear the
firing of cells in my auditory cortex. In short, consciousness is a useful hypothesis to explain self-evidencing ‘things’ like ‘you’ [40] but
my very existence precludes gathering evidence for the hypothesis that “I am conscious”. In principle, this idea goes against the grain of
what some philosophers think: I can gather evidence for the hypothesis “I am conscious”, but not for the hypothesis “you are conscious”.
In particular, these philosophers argue that whatever the behavioural and neurophysiological evidence I gather on you, the hypothesis
“you are not conscious” will remain conceivable for me. An important question then arises: When philosophers and I talk about the
hypothesis “you are (or I am) conscious”, are we talking about the same hypothesis?

One possible answer would be to consider consciousness in reference to the easy problem of consciousness, whereas philosophers
refer to consciousness in the sense of the hard problem of consciousness. The easy problem of consciousness is the problem of
explaining how the brain implements the functions of consciousness. Although there is no consensus about what the functions of
consciousness are, this problem is considered easy because it can be addressed using the scientific method (at least in principle). In this
context, the hypothesis “you are conscious” would refer no more and no less to the fact that you are a physical system that implements
the functions of consciousness (e.g., perception, metacognition, and planning). On the other hand, the hard problem of consciousness is
the problem of explaining how the physical brain gives rise to subjective experience. From this point of view, the hypothesis “you are
conscious” would refer to the fact that there is something it is like to be you (i.e., you have a subjective experience). In short, “my”
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hypothesis of consciousness would not be the same as the one of philosophers.

However, if we follow the idea of conceptual dualism [41], these hypotheses would in fact be two different versions of one and the
same hypothesis. In the framework described by Papineau, conscious states can be referred to from a phenomenological and physical
point of view, based on the subjective experience and the physical or functional state of the brain underlying it, respectively. However,
the main point provided by the author is not that consciousness is dual. On the contrary, the very purpose of conceptual dualism is to
explain the illusion of distinctiveness. Indeed, the starting point is to consider that the subjective experience and its associated physical
or functional state of the brain are in fact one and the same thing (in the strongest sense). Then, it is a matter of explaining - in purely
physical terms - why we think this is not the case (i.e. why we think consciousness is non-physical). This explanation may differ
depending on the version of conceptual dualism in question. Regardless, the basic idea is as follows. Perceptive and introspective
processes would involve two distinct categories of concepts: phenomenal (or introspective) concepts and physical (or perceptive)
concepts. The issue is that brain states—consciousness—could be “observed” through both perception and introspection (at least in some
sense). As a consequence, one would have two concepts of consciousness rather than one, giving rise to the illusion of distinctiveness.
Therefore, conceptual dualists do not claim that mind and matter are two substances or realities but acknowledge the existence of
different ways to access only one reality, retaining its compatibility with physicalism.

The same principle could be applied to the hypothesis “you are (or I am) conscious”. One could say that the neuroscientific version
of this hypothesis belongs to the physical concepts category, whereas that of philosophers belongs to the introspective concepts category.
Put another way, when we say that we cannot gather evidence for the hypothesis “I am conscious”, we are talking about the physical
version of this hypothesis. Conversely, when philosophers say that we cannot gather evidence for the hypothesis “you are conscious”,
they are talking about the introspective version of this hypothesis.

3. Mind over matter

The underlying idea here is that perception is the only way to gather evidence for the ‘physical” hypothesis of consciousness, while
introspection is the only way to gather evidence for the ‘introspective’ hypothesis of consciousness. Crucially, if these hypotheses are
two versions of one and the same hypothesis, then this is paradoxical. Two ‘identical” hypotheses should have the same implications or
explananda. This presupposes that evidence for one of these hypotheses is also evidence for the other. The problem is that this cannot
be the case here since introspection cannot provide evidence for the ‘physical’ hypothesis of consciousness and perception cannot
provide evidence for the ‘introspective’ hypothesis. This particular situation could be the reason why some of us think that the hard
problem of consciousness is not reducible to the easy problem of consciousness.

In particular, in an ‘ideal” world, one would have a single version of the hypothesis “you are (or I am) conscious”, whose evidence
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Fig. 1. Graphical representation of the dynamic interplay between introspection, perception, and consciousness that arises in the human brain. The
figure depicts the dynamic interplay between introspection, perception, and consciousness. Introspection is depicted by a series of brains with gears
and puzzle icons, symbolizing self-reflection and internal observation based on scientific and acquired knowledge. Perception is represented through
sensory ability that integrates neural and bodily feedback, highlighting the role of external inputs to shaping awareness, which culminates in in-
tegrated and processed information. At the centre, consciousness is visualized as a unified orb, emerging from the integration of introspective and
perceptual processes. Closed loop arrows and overlapping zones emphasize the perpetual bidirectional flow of information and the fusion of internal
and external experiences that culminate in consciousness, reconciling introspective and perceptual evidence to address the paradox of the self-
studying brain.
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could be gathered through both perception and introspection. In this imaginary world, the hard and the easy problems of consciousness
would clearly appear to us as being one and the same problem. This may be one take on the hard problem that leads to, arguably, more
pressing questions engendered by the meta-problem of consciousness [42]; namely, what enables us to puzzle over our own phe-
nomenology [43]? It should be noted that some of the ideas mentioned here share close links with the phenomenal concept strategy
[41,44]. The purpose of the phenomenal concept strategy is to dissolve the hard problem of consciousness by solving the meta-problem
of consciousness. This strategy is based on considerations regarding concepts such as, for example, conceptual dualism. The question
regarding self-study has been present in our mind for centuries, but the lack of a possibility of providing adequate and definitive
answers, obfuscated by the absence of refined theorizations and of precise protocols and instrumentations, led to an inability to pose
this question in the first place. While the conclusive solution may still be temporally out of reach, now more than ever neuroscientific
research can pave the way for closing this distance.

The paradox here lies in the apparent incommensurability between perceptive evidence (i.e., derived from external observations)
and introspective evidence (i.e., from internal, self-referential awareness) when it comes to validating consciousness as a unified
concept (see Fig. 1).

This problem, well-known in the philosophy of mind [45], highlights how our structure as observers may inherently divide these
two forms of evidence, creating a unique epistemic challenge. For instance, neurophenomenology, pioneered by Francisco Varela [46],
provides methodological tools to connect subjective, first-person introspection with objective, third-person neuroscience [47]. By
aligning experiential reports with neurophysiological data, this approach directly addresses the introspection-perception divide
central to our manuscript. Neurophenomenology posits that phenomenological insights about lived experience should guide the
interpretation of neuroscientific data, while neuroscientific findings can inform and refine phenomenological descriptions. Perceptive
signals could, in theory, inform us about behavioural markers or neural correlates of consciousness, yet these observations cannot fully
account for the subjective, qualitative aspect captured through introspection. The need to reconcile this dichotomy continues to
provoke debate about whether consciousness can be empirically assessed as a single construct, or if it instead requires a pluralistic
approach, one that accommodates both the external and introspective perspectives without necessarily merging them. This raises an
important question for cognitive science: to what extent does our inability to harmonize perceptive and introspective evidence reveal a
fundamental limit of our observational capacities as human beings? Addressing this may require reconsidering the roles that these
types of evidence play within the broader framework of consciousness research.

The balance between introspective and perceptive evidence may have broader implications for consciousness studies. If con-
sciousness inherently divides along these lines, it may suggest a fundamental epistemological limit, where introspective accounts
provide essential but non-verifiable insights. Reconciling these domains may therefore require an interdisciplinary framework that
respects both evidence types without forcing them into artificial coherence. It should be noted that the very fact of understanding why
such epistemological limit arises (which is the topic of the current paper) may be crucial to the successful completion of this project.

4. Modelling the paradox

Beyond the introspective and perceptual dimensions of consciousness, our exploration of the paradox of the brain studying itself
resonates with broader themes in cognitive neuroscience, philosophy, and theoretical physics. Self-referentiality, a core concept within
this paradox, finds analogous challenges across domains that involve systems observing or interacting with themselves. In physics, for
example, quantum mechanics has long wrestled with self-referential issues such as observer effects, wherein the measurement process
itself influences the phenomenon under study [48,49]. In systems theory, self-referential loops can lead to emergent behaviours that
challenge classical causal models. These analogies suggest that the paradox we encounter in studying self-awareness may not be unique
to neuroscience but instead reflect a fundamental epistemological limitation when systems attempt to observe themselves.

Drawing from these cross-disciplinary insights, we can propose novel ways of examining the self-referential challenges in con-
sciousness studies. Specifically, advances in computational modelling and simulation offer an exciting avenue. By creating recursive,
self-interacting models, researchers can simulate conditions under which a system ’observes’ itself, providing a controlled environ-
ment to study how feedback loops and self-referential dynamics influence behaviour. For example, models using neural networks or
agent-based systems could simulate a simplified version of self-awareness [50], revealing how different layers of ’self-observation’
might impact cognitive states or even mimic self-aware dynamics. Such approaches are valuable for testing hypotheses that are
challenging to verify empirically in biological systems due to the inherent complexity of the brain. Ultimately, this may allow us to
simulate an agent facing the paradox of the self-studying brain.

Furthermore, the principles of predictive coding, including the free energy principle [29,51], are particularly relevant here. In this
context, the free energy principle suggests that the brain minimizes prediction error to maintain homeostasis and adapt to its envi-
ronment. Applied to self-referential processes, this framework could illuminate how the brain manages the recursive layers of
perception and introspection without collapsing into an unstable feedback loop: see [52,53] for a phenomenological account. Pre-
dictive coding formulations might offer insights into how self-awareness is maintained, effectively balancing the brain’s internal
representations with the need for external coherence [54]. By understanding these processes computationally, we may uncover
mechanisms by which the brain avoids cognitive overload or instability, shedding light on the maintenance of mental coherence across
recursive levels of introspection.

Integrating these computational approaches with experimental neuroscience could provide a fertile ground for future research. For
instance, simulation-based models could allow us to systematically vary the depth’ of self-referential processing, testing whether
deeper layers of introspection lead to different stability patterns or cognitive states. Such research might even help explain phenomena
seen in pathological conditions like Cotard’s syndrome [55], where self-referential processing appears disrupted. Overall, by
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leveraging simulations and computational models, we can begin to bridge the theoretical gap posed by the self-study paradox,
approaching consciousness not only as a subject of empirical neuroscience but also as a philosophical and computational problem. This
interdisciplinary perspective could ultimately enrich both our understanding of consciousness and our methodological toolkit,
leveraging the paradox as a driving force for ongoing neuroscientific and philosophical inquiries.

5. Conclusion

The paradox of the self-studying brain presents a captivating challenge and highlights the nature of the (hypothesis testing) human
brain itself. This paradox of self-referential evidence invites further exploration into whether the specific nature of introspective
awareness - our ability to internally “observe” our own conscious state - might underlie the difficulty in reconciling evidence for
consciousness. If humans relied solely on perceptive cues - such as observing behaviours or physiological responses that imply
awareness - it is conceivable that the paradox might dissolve, as subjective self-awareness would not play a role. The unique challenge
posed by introspective awareness lies in its metacognitive dimension: we not only experience consciousness but can also reflect upon
that experience, layering self-reference into our assessment of our own consciousness. Conditions such as Cotard’s syndrome [55], in
which patients deny their own existence or consciousness, suggest that impairments in this metacognitive introspection may disrupt
the sense of subjective experience. Further, investigating whether this paradox could be experimentally manipulated - for instance,
through transcranial magnetic stimulation (TMS) or pharmacological intervention - may provide insights into how introspective and
perceptive evidence interact and whether they contribute differently to our understanding of consciousness. This line of inquiry may
help delineate whether the paradox is a consequence of introspective self-reference or if it stems from a more foundational property of
conscious systems.

The complexity of the problem at hand should not be seen as an obstacle, but rather as a motivation for scientific enquiry. The
progression of future research — trying to unravel this paradox by further clarifying the underpinnings of consciousness and self-
awareness — may expand our understanding of the brain and its intricate relationship with its self-studying drive.
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