
Cosmos and History: The Journal of Natural and Social Philosophy, vol. 21, no. 1, 2025 

www.cosmosandhistory.org  397 

 

 

A POSSIBLE CONNECTION BETWEEN THE 
ORCH-OR THEORY OF CONSCIOUSNESS AND 

COMPACTIFIED DIMENSIONS IN STRING 
THEORY 

José Luis Díaz Palencia 
 

 

ABSTRACT: Consciousness remains a central enigma at the intersection of science and philosophy. 
The Orchestrated Objective Reduction (Orch-OR) theory of Penrose and Hameroff locates 
conscious episodes in gravity-driven quantum state reductions of coherent tubulin states inside 
neuronal microtubules, while string theory describes matter and force fields as vibrations of one-
dimensional strings propagating in a ten- or eleven-dimensional spacetime whose six or seven 
extra dimensions are compactified. This article proposes that these two seemingly different 
frameworks may contact one another: the curvature and moduli of compactified dimensions 
could renormalise the gravitational self-energy that triggers Orch-OR collapses, thereby linking 
the timing and stability of neural quantum computations to Planck-scale geometry. Although 
Penrose himself has criticized the “fashion” for extra dimensions, we argue that subjecting Orch-
OR to string-inspired perturbations could inspire interesting philosophical conceptions. If hidden 
dimensions exceed specific length or coupling scales, consciousness-relevant coherence should be 
either suppressed or enhanced in measurable ways. 
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INTRODUCTION 

The enigma of consciousness has long been considered from different 
perspectives of scientific and humanistic knowledge. Despite significant 
advancements in neuroscience and cognitive science, the subjective experience—
the qualia—that accompanies cognitive processes remains unexplained 
(Chalmers, 1995). Traditional computational models of the brain, which are 
rooted in classical physics and the concept of integrate and fire at neuron level, 
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have struggled to account for the emergence of consciousness, leading to what is 
known as the "hard problem" of consciousness (Searle, 1992; Chalmers, 1996). 

Such "hard problem" of consciousness has been considered by Roger Penrose 
and Stuart Hameroff who introduced the Orchestrated Objective Reduction 
(Orch-OR) theory. This theory proposes that quantum processes within neuronal 
microtubules could explain the subjective experience of consciousness (Penrose, 
1994; Hameroff & Penrose, 1996). These authors argue that the aforementioned 
subjective experience must arise from phenomena that are not computable from 
a traditional point of view (in other words, that do not follow the basic rational 
laws of computation). This point leads to consider the possibility that such 
subjective experience might have a non-classical computational basis, or in other 
words, be connected to quantum state computation in microtubules.  They 
suggest that these quantum states are influenced by the geometry of spacetime 
associated with the mass configuration of quantum superposed tubulins. This 
superposition and its gravitational effects are not compatible with a deterministic 
spacetime geometry and hence the wave function collapses to a definite state of 
mass configuration in the tubulin.  

Simultaneously, string theory has emerged as a leading candidate for a unified 
theory of fundamental interactions, and this is due to its virtues for integrating 
quantum mechanics and general relativity (Green, Schwarz, & Witten, 1987). 
String theory posits that particles are one-dimensional strings vibrating in a ten-
dimensional spacetime, with six extra dimensions compactified into complex 
geometrical shapes known as Calabi-Yau manifolds (Candelas et al., 1985). These 
compactified dimensions affect particle properties and interactions, as well as the 
behavior of fundamental forces. 

This article explores the potential interrelation between the Orch-OR theory 
and the compactified dimensions in string theory. Our methodological approach 
is based on examining the basic foundations of both theories, so that we aim to 
explore how the geometry of spacetime at the quantum level might influence 
neuronal quantum processes, leading to a metaphysical perspective on 
consciousness and its connection to the underlying structure of the universe. This 
work constitutes a short review intended to synthesize and integrate scientific 
concepts that, at first glance, may appear less connected than one expects. The 
paradigms guiding this exploration consider a multidisciplinary approach that 
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combines elements from quantum mechanics, neurobiology, and theoretical 
physics. This study intentionally moves away from building upon strictly scientific 
or empirically validated theories. This approach allows for greater flexibility in 
exploring ideas that transcend conventional scientific boundaries. Instead, its 
primary objective is to explore and introduce metaphysical connections between 
various ideas and concepts. We acknowledge that metaphysical notions may lack 
empirical scientific validation—a domain reserved for another level of human 
understanding—nonetheless, they possess their own intrinsic value. These 
concepts are appreciated for their aesthetic beauty and their capacity to inspire 
and interlink ideas that might otherwise appear unrelated. Metaphysical 
frameworks can provide fresh perspectives and stimulate creative thinking, and 
at the same time, can encourage the synthesis of novel ideas and paradigms. 

THE ORCH-OR THEORY OF CONSCIOUSNESS 

Quantum mechanics has notably expanded our understanding of the physical 
world, introducing concepts such as superposition, entanglement, and non-
locality (Dirac, 1981). The peculiar nature of quantum phenomena has led to 
speculation about their potential application to describe consciousness (Stapp, 
1993). 

Penrose (1989) argued that human consciousness (as previously mentioned the 
subjective experience of qualia) involves non-computable processes that cannot 
be replicated by classical algorithms, drawing on Gödel's incompleteness 
theorems. He suggested that the human mind can grasp mathematical truths that 
are beyond formal computation, indicating that consciousness might arise from 
quantum processes. At this point, it is relevant to identify the physical location 
where such quantum processes emerge. Penrose and Hameroff suggested the 
possibility of microtubules in the brain neurons, although we must also remark 
that neurons are not only located in the brain but on the entire human body. 
Microtubules are cylindrical polymers composed of α- and β-tubulin dimers, 
forming part of the cytoskeleton within neurons (Alberts et al., 2015). They are 
relevant in maintaining cell shape, intracellular transport, and signal 
transduction. 

Hameroff proposed that microtubules could support quantum coherence due 
to their symmetrical and periodic structure, which might protect quantum states 
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from decoherence (Hameroff & Penrose, 1996). The idea is that the tubulin 
proteins could exist in superposed conformational states, enabling quantum 
computations within neurons. 

Studies have suggested that microtubules exhibit coherent excitations and 
might interact with the electromagnetic field at quantum levels (Jibu & Yasue, 
1995). The Orch-OR theory, hence, posits that quantum computations occur in 
microtubules, and this leads to orchestrated collapses of the quantum state that 
correlate with moments of conscious experience (Hameroff & Penrose, 2014). 

Objective Reduction and Quantum Gravity 

Penrose introduced the concept of Objective Reduction (OR). This concept 
proposes that quantum state reduction is a real, physical process caused by 
gravitational effects at the Planck scale (Penrose, 1996). Unlike standard 
interpretations where wavefunction collapse is due to measurement or 
environmental decoherence, OR suggests that spacetime curvature differences 
between superposed states lead to instability and eventual collapse. 

In the Orch-OR framework, the collapse time (τ) is given by: 
 

τ ≈ ℏ / EG  

where ℏ is the reduced Planck constant, and EG is the gravitational self-energy of 
the difference between the mass distributions of the superposed states (Penrose, 
1996). This introduces a quantifiable link between quantum processes and gravity. 

The gravitational self-energy is calculated based on the effect over the 
spacetime geometry of mass displacement between the superposed states. When 
the energy difference reaches a threshold, the superposition becomes unstable, 
leading to a collapse. This process is thought to be non-computable and 
fundamental, and is, according to Penrose, a mechanism for consciousness that 
is rooted in the physics of spacetime. 

Experimental Support and Challenges 

One major issue of the Orch-OR theory is the problem of decoherence. 
Maintaining quantum coherence in the warm, wet environment of the brain (and 
by extension the human body) seems improbable due to rapid interactions with 
the environment that cause decoherence on extremely short timescales (Tegmark, 
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2000). 
Hameroff and Penrose have responded to this concern: They suggest that 

microtubules possess mechanisms to protect against decoherence, such as 
ordered water layers within the hollow core of microtubules and topological 
quantum error correction codes (Hameroff & Penrose, 2014). Additionally, 
experimental evidence supporting quantum effects in biological systems, such as 
quantum coherence in photosynthetic complexes and avian magnetoreception, 
provides some plausibility to their claims (Lambert et al., 2013; Cai, Guerreschi, 
& Briegel, 2010). 

However, critics argue that these quantum effects occur at much lower 
temperatures and are not directly comparable to processes in the human brain. 
The lack of direct experimental evidence linking microtubule quantum states to 
consciousness remains a hurdle (Reimers et al., 2009) that certainly requires 
additional discussions. 

STRING THEORY AND COMPACTIFIED DIMENSIONS 

From a general perspective, string theory proposes that the fundamental 
constituents of the universe are not point-like particles but tiny one-dimensional 
strings that can vibrate at different frequencies (Polchinski, 1998). Each 
vibrational mode corresponds to a different particle, unifying all particles and 
forces, including gravity, within a single theoretical framework. 

To maintain mathematical consistency and anomaly cancellation, superstring 
theory requires a ten-dimensional spacetime (Green et al., 1987). These extra 
dimensions are not observed in our physical world (let say our everyday life), 
leading to the proposal that they are compactified or curled up at scales beyond 
current experimental detection. 

Compactification and Calabi-Yau Manifolds 

The process of compactification involves "curling up" the extra dimensions into 
compact spaces with specific geometric properties. Calabi-Yau manifolds are the 
mathematical constructs used to model these compactified dimensions (Yau, 
2010). They are complex, Kähler manifolds with vanishing first Chern class, 
satisfying the Ricci-flatness condition. 

The shape and topology of the Calabi-Yau manifold determine the 
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vibrational modes of strings and, consequently, the properties of particles such as 
masses, charges, and coupling constants (Candelas et al., 1985). Different shapes 
lead to different low-energy physics, and this makes the selection of the correct 
Calabi-Yau manifold relevant for connecting string theory to the observable 
universe. 

String compactification has implications for particle physics. It provides 
mechanisms for symmetry breaking, generation of particle families, and 
explanations for the hierarchy problem (Ibáñez & Uranga, 2012). The moduli 
fields associated with the shape and size of the Calabi-Yau manifold influence the 
dynamics of the early universe as well as the cosmological inflation (Kachru et 
al., 2003). 

Moreover, string theory introduces the concept of a "landscape" of possible 
vacuum states, each corresponding to a different compactification and low-
energy physics (Susskind, 2003). This has led to debates about the predictability 
of string theory and the anthropic principle in cosmology. 

Challenges in String Theory 

The vast number of possible Calabi-Yau manifolds leads to an enormous number 
of possible solutions, and certainly this fact introduces difficulties for obtaining 
testable predictions (Douglas, 2003). Additionally, the energy scales at which 
string effects become significant are currently inaccessible to particle accelerators, 
hindering experimental verification (Dine, 2007). Critics also point out that the 
lack of empirical evidence and the reliance on mathematical consistency over 
observational data raise questions about the scientific status of string theory 
(Smolin, 2006; Woit, 2006). 

POSSIBLE INTERRELATION BETWEEN ORCH-OR AND COMPACTIFIED 

DIMENSIONS 

As previously pointed, the Orch-OR theory considers that consciousness arises 
from quantum processes influenced by gravity, specifically through objective 
reductions linked to spacetime geometry that can be linked with the Planck scale 
(Penrose, 1996). String theory, being a candidate for a theory of quantum gravity, 
provides a framework where spacetime geometry is inherently linked to the 
behavior of fundamental particles and forces. Hence, we could introduce a 
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pattern of connection: Indeed, the compactified dimensions in string theory 
could, in principle, influence the gravitational self-energy calculations in OR. 
Since the geometry of Calabi-Yau manifolds affects particle properties and 
interactions, it is conceivable that these geometrical features could have subtle 
effects on quantum processes within the brain. 

Influence on Microtubule Quantum States? 

If the compactified dimensions determine the properties of fundamental 
particles, they could indirectly influence atomic and molecular interactions 
within microtubules (Freeman & Vitiello, 2006). The vibrational modes of strings 
might affect electron configurations, tunneling rates, and energy level transitions 
that are important aspects for sustaining quantum coherence in biological 
systems. Furthermore, variations in spacetime geometry at microscopic scales 
could introduce fluctuations or anisotropies that might impact quantum states in 
microtubules. These effects might manifest as modifications to the potential 
energies or interaction strengths within the neuronal environment. 

Non-Locality and Entanglement 

String theory allows for extended objects and higher-dimensional branes, which 
could facilitate non-local connections and entanglement across different regions 
(Zwiebach, 2009). In the context of the brain, this could provide a theoretical 
basis for quantum entanglement in microtubules across different neurons or brain 
regions, supporting the orchestrated aspect of OR. In addition, entanglement 
between distant microtubules might enable coherent quantum processing at 
larger scales than previously thought possible, potentially contributing to the 
integration of information and unified conscious experience. 

Implications for Consciousness 

If we depart from the idea that spacetime geometry at the Planck scale influences 
quantum processes in the brain, consciousness could be deeply connected to the 
fundamental structure of the universe (Gao, 2013). This perspective suggests that 
consciousness is not merely an emergent property of complex neural networks 
but is based on the properties of spacetime and matter at the most fundamental 
level. Such a connection aligns with philosophical views like panpsychism or 
panprotopsychism, where consciousness is a fundamental aspect of reality 



 COSMOS AND HISTORY 404 

(Chalmers, 2016).  

DISCUSSION 

The potential connection discussed between the Orch-OR theory of 
consciousness and the compactified dimensions of string theory suggests that 
consciousness might be fundamentally linked to the structure of the universe at 
its most basic level. If the geometry of spacetime at the Planck scale affects 
quantum processes in neuronal microtubules, as proposed by Penrose and 
Hameroff, then consciousness could be directly influenced by the geometry of 
spacetime itself. This idea has some remnants of philosophical views like 
panpsychism, which posits that consciousness is a fundamental feature of the 
universe (Strawson, 2006). As we commented previously, the Orch-OR theory 
faces challenges regarding quantum coherence in the warm environment of the 
brain (Tegmark, 2000), but if microtubules can maintain quantum states due to 
protective mechanisms, then their quantum computations could be influenced by 
the extra dimensions in string theory. The compactified dimensions, modeled by 
Calabi-Yau manifolds, determine the properties of fundamental particles and 
forces (Candelas et al., 1985). Therefore, they could subtly affect quantum 
processes within microtubules by influencing particle interactions at the quantum 
level.  

We should remark that at the heart of this proposal of ideas to integrate Orch-
OR theory with string theory there is a unificationist impulse that is familiar in 
the history of physics – the aesthetic conviction that disparate explanatory 
frameworks might be pieces of a larger coherent whole. The motivation is not 
merely to add another speculative layer onto Orch-OR, but to seek a more 
extended ontological picture in which mind and the laws of physics describing 
cosmos can be connected. Such an aspiration aligns with a long metaphysical 
tradition that views consciousness not as an inexplicable add-on to physics, but 
as arising from the same ultimate principles that govern reality at large 

Historically, attempts to wed fundamental physics with brain science lend 
credence to pursuing this integration. Notably, Jibu and Yasue’s work on 
Quantum Brain Dynamics (QBD) in the 1990s pioneered a quantum-field-
theoretic approach to consciousness, suggesting that global quantum coherence 
could underlie brain function. In their framework, the brain’s molecular 
structures (like microtubules and surrounding water) were hypothesized to 
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support a long-range quantum field that binds distributed processes into unified 
experience (Jibu, Yasue and Hagan, 1997). In Jibu, Yasue and Hagan (1997), the 
authors  described a “common field of macroscopic condensation of evanescent 
photons” permeating the brain, which would link and orchestrate neural 
activities at a quantum level. This idea effectively extended physical theory 
(quantum electrodynamics) into the realm of mind, demonstrating that serious 
scientists found value in bridging these realms. It was even proposed that 
coherent quantum optical vibrations could exist within cytoskeletal microtubules, 
hinting that biomolecular structures might exploit physical phenomena beyond 
the standard neuroscientific view. The fact that Jibu and Yasue – along with 
collaborators like Kunio Yasue, Mari Jibu, Stuart Hameroff, and others – 
ventured to apply quantum field theory to living systems and consciousness shows 
a precedent for the kind of synthesis now being attempted. Their results, while 
speculative, provided a conceptual foundation for thinking that the brain may tap 
into deeper physics, thus encouraging contemporary theorists to explore 
integrations with frameworks as sophisticated as string theory. 

Nevertheless, any Orch-OR/string theory integration must confront a 
significant historical tension: Sir Roger Penrose, co-author of Orch-OR, has been 
a vocal critic of string theory. In Fashion, Faith, and Fantasy, Penrose cautioned 
that the core assumptions of string theory’s extra dimensions lack empirical 
support and may even be fundamentally flawed. His principal objection is that 
string theory requires believing in six or more spatial dimensions compactified so 
small as to be unobservable – a move he described as driven more by 
mathematical fashion than by sound evidence. Penrose argued there is no clear 
reason why additional dimensions could be completely decoupled from our 
familiar four, warning that any hidden dimensions might interact with the 4D 
world in non-negligible ways and destabilize the theory’s supposed vacuum state. 
On a personal level, Penrose found the higher-dimensional turn of string theory 
aesthetically displeasing. He was not in agreement (Penrose, 2016) when string 
models “moved… in the direction of requiring all those extra spatial dimensions,” 
finding it “impossible to believe that nature would have rejected all those 

beautiful connections with Lorentzian 4-space”. This idea highlights Penrose’s 
deep attachment to the elegance of four-dimensional spacetime – an elegance he 
felt was marred by the speculative add-on of unseen dimensions. Acknowledging 
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Penrose’s skepticism is important, as it underscores that the proposed integration 
is far from orthodox. The theoretical tension here is real: how can one justify 
exploring a synthesis that the originator of Orch-OR himself might have initially 
resisted? 

The answer lies in recognizing that intellectual progress often emerges from 
creative juxtaposition of ideas, even those that seem at odds. Penrose’s critiques 
of string theory were aimed at the dominance of a research program he feared 
was becoming unmoored from empirical reality – but exploring a new context 
for string theory within consciousness research is a different endeavor. In fact, 
bringing Orch-OR and string theory together can be seen as a way to mutually 
inform both frameworks’ shortcomings. Orch-OR, for all its originality, has been 
criticized for not specifying the underlying quantum gravity mechanics of 
objective reduction; string theory (or its extensions like M-theory) provides a rich 
toolbox of quantum gravity concepts that might fill in this gap. Conversely, string 
theory has been faulted for a lack of experimental testability and clear connection 
to measurable phenomena – a connection might be found if string theory can be 
linked to the physics of the brain, opening an unexpected empirical arena (albeit 
a challenging one) to explore. Integrating these ideas is thus a way of expanding 
the scope of each: it posits that consciousness could be a cosmological 
phenomenon (not just an emergent neural epiphenomenon), and that 
fundamental physics might have cognitive or experiential consequences. The 
bold hypothesis that microtubule quantum states and space-time geometry are 
entwined could provide a new standpoint from which to address both the 
measurement problem in quantum mechanics and the hard problem of 
consciousness. Even if Penrose himself has doubts about string theory, the spirit 
of his work invites innovation – he has always championed the search for new 
physics underlying consciousness (indeed Orch-OR was an attempt to go beyond 
standard quantum mechanics). In that spirit, this integration is a natural 
extension of Penrose’s own quest, albeit along a path (string theory) that he 
famously critiqued.  

A concrete scientific reason to pursue this integration is the intriguing 
possibility that string theory’s compactified dimensions could influence quantum 
processes like those in microtubules. In string theory (and related higher-
dimensional models), gravity and other fields propagate through extra spatial 
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dimensions, which are typically curled up at extremely small scales. As previously 
mentioned, these hidden dimensions might subtly modify gravitational 
interactions on the microscale, and Orch-OR is explicitly a gravity-related 
quantum mechanism. Recent analyses have indeed explored how deviations 
from Newtonian gravity at sub-millimeter or nuclear scales would affect the 
Orch-OR model. For example, Mureika (2007) examined Penrose’s collapse 
criterion under the assumption of large extra dimensions, according to Kaluza-
Klein and Arkani-Hamed–Dimopoulos–Dvali theories. His findings suggest that 
if spatial dimensions beyond the usual three exist and are larger than about 100 
femtometers, they would appreciably strengthen short-range gravity and thus 
shrink the quantum superposition lifetime predicted by Orch-OR. In fact, with 
sufficiently large extra dimensions (on the order of 100 fm or above), the 
gravitational self-collapse of neuronal superpositions would become so rapid that 
orchestrated conscious quantum computations could not function – rendering the 
Orch-OR model “unphysical” in those scenarios. In other words, certain extra-
dimensional geometries would cause microtubule quantum states to collapse 
almost instantaneously, preventing the sustained coherence that Orch-OR 
requires for conscious moments. This yields a valuable constraint: conscious 
quantum processing in the brain might only be possible if extra dimensions (if 
real) are below a certain size or influence. Conversely, Mureika’s analysis showed 
that if the extra dimensions are moderately small roughly 10 fm, the Orch-OR 
collapse threshold would be reached with far fewer tubulin qubits than originally 
estimated. The requirement of ~109 coherent tubulins (a figure Penrose and 
Hameroff once posited for a conscious event) could be dramatically reduced 
when even a slight higher-dimensional effect is accounted for (Mureika, 2007). 
This intriguing result implies that hidden degrees of freedom might amplify 
quantum coherence in microtubules, making it easier for the Orch-OR criterion 
to be met. In principle, then, the presence of compactified dimensions could 
extend the feasible parameter space of Orch-OR, perhaps allowing quantum 
states to persist longer or involve fewer particles by leveraging subtle gravitational 
effects. Even extremely tiny extra dimensions (say at the Planck-length scale, as 
in traditional string theory) might introduce small corrections that do not outright 
destroy the Orch-OR mechanism but could tweak its characteristics in ways that 
align with observed neurophysiological timescales. These possibilities are 
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admittedly speculative, but they show that the geometry of space-time – including 
its hidden structure – could influence at some degree in biological quantum 
processes. This is perfectly in line with the metaphysical outlook of our approach: 
it treats consciousness as embodied in the fine structure of reality, such that 
changes in fundamental physics (like the shape of extra dimensions) might 
reverberate into the mind’s quantum architecture. 

Moreover, speculative as it is, the idea that extra dimensions might bear on 
brain function finds some resonance in the broader scientific imagination. For 
instance, analysis of the fractal patterns in brain electrical activity (EEG) has 
prompted suggestions that “extra dimensions of quantum gravity may be involved 
in brain function” (Gardiner, 2015). Such remarks, though conjectural, point to a 
nascent recognition that the brain’s complex dynamics could conceivably be 
probing deeper aspects of physics than traditionally assumed. It is an intriguing 
thought that the compactified dimensions in string theory might correspond to 
degrees of freedom relevant to consciousness – perhaps analogous to the 
“protoconscious” variables or hidden parameters that some theorists have mused 
about. In one interpretation, the additional dimensions of string theory (beyond 
the familiar 4D space-time) could even be seen as harboring “protophenomenal” 
properties – an idea floated by philosophers and physicists considering how 
subjective experience might arise from physics (Gardiner, 2025). While highly 
speculative, this perspective enriches the metaphysical narrative: it suggests that 
what we term “mind” could reflect a connection between our observable 4D 
physics and the structures lurking in subtler dimensions of reality. Thus, pursuing 
the Orch-OR and string theory integration is worthwhile precisely because it 
forces us to expand our conceptual boundaries. It encourages science to consider 
consciousness not as an anomaly at the edge of physics, but as a phenomenon 
that might be deeply woven into the fundamental fabric of the universe, perhaps 
even requiring new physics (like higher dimensions or quantum gravity effects) 
for its full understanding. 

As Nobel laureate Steven Weinberg noted, fundamental physicists are often 
driven by a sense of beauty and inevitability in seeking deeper unity, even before 
all empirical proof is in place. In unifying Orch-OR with string theory, we 
likewise entertain the possibility that conscious experience and spacetime 
geometry share a common theoretical origin. Admittedly, this enterprise ventures 



 JOSÉ LUIS DÍAZ PALENCIA 409 

into speculative territory where empirical data is sparse. Yet, the philosophical 
justification for venturing forward is strong: if successful, such a unification would 
help in solving isolated problems (like how microtubule quantum states avoid 
rapid decoherence, or how gravity and quantum mechanics reconcile), and in 
addressing a more profound question – why does a universe fine-tuned for consciousness 

exist at all? By conceptually linking microtubule quantum coherence to the 
geometry of compactified dimensions, we craft a narrative wherein life and mind 
are natural outgrowths of cosmic physics, not alien to it. 

Despite the mentioned possibilities to unify the concepts of the string theory 
with the OR-Orch theory, this approach faces significant challenges that we shall 
briefly compile (some of them have been already mentioned): 

 Scale Differences� ��� �����	 
���� ��
�
��� meters) is vastly 

smaller than atomic and molecular scales. Certainly, the understanding 
of how effects at this scale influence biological structures requires new 
theoretical frameworks or mechanisms (Tegmark, 2000). 

 Decoherence: Maintaining quantum coherence in biological systems 
remains contentious. Some evidence suggests that quantum effects 
influence biology, but extending this to cognitive processes in the brain is 
a significant leap (Hagan, Hameroff, & Tuszyński, 2002). 

 Experimental Verification: Currently, there is no empirical evidence 
directly connecting compactified dimensions to neural processes or 
consciousness. Testing these ideas would require technological 
advancements in both physics (to probe Planck-scale phenomena) and 
neuroscience (to detect quantum states in the brain) (Fisher, 2015). 

 Mathematical Formalism: Developing a mathematical model that 
incorporates both Orch-OR and string theory may be regarded as a 
difficult first task to introduce advanced scientific approaches. It would 
involve unifying concepts from quantum gravity with complex biological 
systems, an area not yet fully explored. 

To advance this field, we introduce some future research that probably could 
be considered to introduce advanced research topics:   

 Quantum Biology: The advancement of research to understand the 
influence of  quantum effects in biological systems might provide theories 
into how quantum coherence can be sustained in warm environments, 
potentially informing models of quantum consciousness (Lambert et al., 
2013; Marais et al., 2018). 
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 Alternative Quantum Gravity Models: Exploring models of 
quantum gravity that might operate at biological scales or have observable 
consequences at larger scales, such as loop quantum gravity or emergent 
spacetime theories (Rovelli, 2004; Verlinde, 2011). 

 Technological Advancements: It is relevant to develop new 
technologies to detect and manipulate quantum states in biological 
systems, including advanced imaging techniques and quantum sensors 
(Romero-Isart et al., 2010). 

 Philosophical Implications: Philosophy is always relevant in cut-edge 
leading science. Indeed, the engaging with philosophical discourse on the 
nature of consciousness, reality, and the mind-body problem, could help 
to refine theoretical models and address some conceptual challenges 
(Seager, 1995; Chalmers, 2016). 

CONCLUSION 

Building on the Orch-OR proposal that orchestrated quantum computations in 
neuronal microtubules terminate through an objective, gravity-linked collapse of 
the wavefunction (Hameroff & Penrose, 2014), we have suggested that the 
compactified dimensions posited by string theory supply a natural, if audacious, 
framework for specifying how Planck-scale curvature might modulate those 
collapses. In this picture mind and matter cease to be separate ontological realms 
and instead share a common provenance in the deep structure of the universe. 

Philosophically, the possibility that hidden dimensions structures influence 
the brain’s quantum register revives monist intuitions that subjectivity reflects, 
rather than defies, the architecture of nature. Penrose’s own reservations about 
higher-dimensional “fashion” in physics (Penrose, 2016) remind us that critical 
dialogue between competing frameworks is essential; yet bringing his gravity-
induced collapse mechanism into conversation with string geometry exemplifies 
the creative friction through which theoretical progress often arises. Whether 
these ideas are ultimately confirmed or refuted, their pursuit promises to 
illuminate either the limits of quantum coherence in biology, the phenomenology 
of quantum gravity, or both. The scientific value is therefore assured, and the 
conceptual reward could be profound: a coherent account of mind and matter 
that not only bridges neuroscience and physics but also reshapes our 
understanding of what it means to be an observing, thinking participant in the 
cosmos. 
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