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For centuries, human perception has been assumed to provide a direct
experience of three-dimensional space, but what if our 3D reality is an illusion—a
cognitive reconstruction of fundamentally lower-dimensional information? In the
classic Flatland thought experiment, two-dimensional beings struggle to conceive
of higher dimensions. But what if we are Reverse Flatlanders, misinterpreting a
2D-encoded reality as fully 3D? This hypothesis aligns with insights from physics,
cognitive science, biology, and artificial intelligence. The Holographic Principle
suggests that information about 3D space may be stored on a lower-dimensional
boundary, while quantum mechanics implies that spatial properties emerge only
upon observation. Neuroscience reveals that depth perception is inferred, not
directly perceived, and Al models demonstrate that depth can be reconstructed
from 2D data. Even biology, through genetic encoding and protein folding, shows
that higher-dimensional structure emerges from lower-dimensional sequences.
This paper explores whether our experience of space itself is a perceptual
construct rather than an intrinsic feature of reality, challenging the very
foundation of how we understand the universe.
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Abstract: Reverse Flatlanders

The Holographic Principle suggests that the universe may be fundamentally
encoded in lower-dimensional structures, with our perception of three-
dimensional space emerging as an interpretation rather than a fundamental
reality. If information about a higher-dimensional system can be entirely encoded
on a lower-dimensional boundary, then our experience of 3D space might itself be
an emergent computational process rather than a direct interaction with a truly
three-dimensional universe.

This raises a provocative question: Are we perceiving 2D information as 3D, rather
than actually existing in a three-dimensional space? Rather than beings in Flatland
struggling to conceptualize an additional dimension, we may be "Reverse
Flatlanders", misinterpreting a holographically encoded or lower-dimensional
reality as three-dimensional due to constraints imposed by our cognitive
architecture, biological evolution, and the fundamental structure of physical
information.

In this paper, we explore how physics, perception, and information theory
converge on the idea that our experience of dimensionality is an emergent,
reconstructed phenomenon rather than an intrinsic property of the universe. This
perspective suggests that the brain functions not merely as an interpreter of a 3D
world, but as an active generator of dimensional perception, reconstructing a
three-dimensional model from lower-dimensional sensory inputs.

We examine evidence from black hole holography, quantum mechanics, fractal
encoding, neural processing, and biological information systems, all of which
suggest that dimensionality is not an absolute feature of reality, but an emergent
one. Black hole entropy scaling suggests that spacetime itself may be
holographically emergent, while quantum mechanics implies that observer-
dependent wavefunction collapse may influence how dimensions are
experienced. In neuroscience, Al, and cognitive science, we see that depth
perception is computationally inferred from inherently 2D retinal data, implying
that our sense of space is a biologically evolved simulation rather than an
inherent property of reality. In biology, the genetic code may serve as a similar
information compression system, encoding 3D protein folding pathways within a
lower-dimensional sequence space, demonstrating that biological structures



themselves emerge from constrained information processing rather than full 3D
exploration.

Ultimately, we propose a new framework for understanding dimensional
perception as a function of information processing rather than physical necessity.
By synthesizing insights from physics, neuroscience, and artificial intelligence, we
explore the possibility that our experience of a three-dimensional world is the
result of an optimized, lower-dimensional encoding that reconstructs reality in
the most computationally efficient way possible. If this is the case, then the
assumption that 3D space is fundamental may be incorrect—it may instead be a
useful but emergent illusion created by the interplay between information
storage, retrieval, and interpretation at multiple physical and cognitive scales.

This has profound implications for our understanding of reality, artificial
intelligence, and the nature of consciousness. If intelligence and perception are
bound to specific dimensional interpretations of encoded information, then
different systems—such as Al trained on radically different inputs—might
experience entirely different dimensional structures of reality. This leads to the
final question: If an intelligence evolved that never inferred 3D space at all, how
would it describe reality? And would we even be capable of understanding its
perspective?

1. Introduction: The Reverse Flatland Problem
1.1 Traditional Flatland Thought Experiment

The classic thought experiment presented in Edwin Abbott’s Flatland: A Romance
of Many Dimensions (1884) describes a 2D world where its inhabitants cannot
perceive or fully conceptualize a third spatial dimension. When a 3D being (a
sphere) interacts with the 2D world, the inhabitants of Flatland experience only
2D projections of the sphere’s presence, unable to comprehend the full three-
dimensional nature of the object.

This metaphor has been widely used in physics and philosophy to illustrate the
challenge of perceiving higher dimensions—suggesting that, just as Flatlanders
struggle to conceive of 3D space, we as 3D beings might struggle to perceive
additional dimensions in higher-dimensional theories of reality (e.g., string



theory’s extra spatial dimensions or the bulk space in the Randall-Sundrum
model).

However, what if we invert the question? Instead of asking whether we are
limited in perceiving higher dimensions, we should ask whether our experience of
three-dimensionality itself is a cognitive construct, rather than a fundamental
feature of the universe.

1.2 Reversing the Question: Are We 3D Beings Misinterpreting a Lower-
Dimensional Reality?

While the Flatland analogy assumes that we lack access to higher dimensions,
emerging theories in physics, cognitive neuroscience, and information theory
suggest the opposite may be true:

« The Holographic Principle posits that the universe could be fundamentally
encoded in a lower-dimensional structure, with what we perceive as 3D
reality emerging from a lower-dimensional boundary (e.g., a 2D
informational horizon encoding what appears to us as 3D space).

« Quantum mechanics implies that physical properties only become definite
upon measurement, which raises the possibility that spatial dimensions
themselves may be observer-dependent reconstructions rather than
absolute, pre-existing entities.

« Neuroscientific and Al research suggests that our brains actively
reconstruct depth and spatial dimensionality from fundamentally 2D
sensory inputs, meaning that 3D perception is a neural simulation rather
than direct access to objective 3D space.

If these ideas are correct, then we might not be 3D beings confined from
perceiving higher-dimensional reality—rather, we may be intelligent systems
interpreting lower-dimensional information as 3D due to cognitive constraints,
survival needs, and information-processing efficiency.



1.3 Why Does This Matter? Implications for Physics, Cognition, and Artificial

Intelligence

If our experience of three-dimensional space is an emergent computational
process rather than an inherent property of the universe, this realization has
profound implications across multiple disciplines:

1. Fundamental Physics:

o

The assumption that spacetime is inherently 3D (or 4D with time)
may be incorrect; instead, spacetime might be a lower-dimensional
informational construct that appears 3D due to how information is
encoded and retrieved.

Holographic models of black hole thermodynamics suggest that
reality operates in a way where the volume of a region is fully
encoded on its boundary, meaning what we call "3D space" is just an
emergent, computationally efficient description of a fundamentally
lower-dimensional system.

2. Cognitive Science and Neuroscience:

o

Our visual and sensory systems do not directly perceive a 3D world
but reconstruct it from fundamentally 2D inputs (e.g., retinal images
are 2D, yet we experience depth).

Studies in optical illusions and Al-generated depth maps reveal that
our sense of spatial dimensionality is an active, interpretive process
rather than an objective feature of external reality.

If our cognitive architecture is designed to reconstruct 3D space from
lower-dimensional data, then we may be biased towards assuming
the reality we experience is fundamentally 3D, when it is actually a
computed simulation.

3. Artificial Intelligence and Machine Learning:

o

Al models trained on 2D images can be programmed to infer depth
and reconstruct a 3D world, proving that spatial dimensionality can



emerge from lower-dimensional inputs through training and
inference, not intrinsic dimensional necessity.

If an artificial intelligence system trained on non-human data
develops a completely different representation of space, it might
experience reality as something other than 3D—raising the possibility
that intelligent systems do not necessarily require a 3D spatial model
to function.

Could Al systems trained on alternative data structures experience
the world as fundamentally 2D with inferred 3D elements, or perhaps
even as a non-spatial networked reality?

The implications extend even further into philosophy of mind, information theory,
and the study of emergent properties in complex systems. If our perception of
dimensionality itself is reconstructed from lower-dimensional data, then what we
experience as "space" is not a fundamental property of reality but rather a
phenomenological byproduct of how our cognitive systems interpret encoded

information.

1.4 Key Hypothesis: A Computationally Efficient Model for Dimensionality

We propose that:

1. The universe encodes information in a lower-dimensional framework
(potentially 2D), and our perception reconstructs a 3D model from this data
for computational efficiency.

o

o

Just as holograms encode 3D images on a 2D surface, the universe
may encode 3D spatial information in a lower-dimensional way, with
our cognitive systems reconstructing it as 3D.

This aligns with black hole physics, guantum mechanics, and machine
learning models that suggest dimensional experience is an emergent
property, not an intrinsic one.



2. Our cognitive and sensory systems are designed to infer 3D space because
it is an optimal solution for survival and interaction, rather than an intrinsic
property of reality.

o Vision, touch, and motion create the illusion of continuous 3D space,
but these are interpretive, reconstructive processes.

o If we had evolved differently—perhaps with alternative sensory
inputs or cognitive architectures—our perception of space might be
drastically different, even lower-dimensional or non-spatial.

3. Artificial intelligence provides a testable model for this hypothesis.

o Al systems trained on 2D projections can learn to infer depth,
meaning that 3D spatial perception is not inherently necessary for
intelligence to emerge.

o If Al trained on different data develops a non-3D experience of the
world, this suggests that dimensionality is subjective to the type of
information processing being used, not a universal property of
reality.

1.5 Conclusion: A New Way to Think About Dimensionality

This "Reverse Flatland" hypothesis challenges our intuitive assumptions about
space and dimensionality. Instead of taking 3D perception as fundamental, we
suggest that it is an evolved cognitive interpretation of lower-dimensional
information, reconstructed for computational efficiency.

If this hypothesis is correct, then:

o The world as we experience it is not necessarily the world as it
fundamentally exists.

« Dimensionality is not an intrinsic feature of reality but a cognitive process
for interpreting encoded information.

o Our 3D experience might be a useful illusion, akin to how Al reconstructs
depth from 2D images.



By exploring this framework through physics, biology, cognitive science, and
artificial intelligence, we can begin to test whether our perception of spatial
dimensions is a product of the way information is structured, rather than a
fundamental property of the universe.

This perspective not only redefines our understanding of space but also suggests
that different intelligent systems—whether biological, artificial, or alien—may
experience entirely different dimensional structures of reality based on how their
cognitive processes reconstruct information.

Thus, we return to the ultimate question:
If intelligence can emerge in a fundamentally 2D-encoded universe, does three-
dimensional space even exist outside of perception?

2. The Holographic Principle and Dimensional Encoding

The Holographic Principle is one of the most profound ideas in modern theoretical
physics. It proposes that all the information contained within a volume of space
can be fully described by information encoded on its boundary. This idea emerges
from black hole thermodynamics and string theory dualities, and if it holds at the
most fundamental level, it could imply that our entire universe is a lower-
dimensional projection of an underlying informational structure.

If this principle is valid not just for black holes but for spacetime itself, it suggests
that our 3D experience of the universe may be reconstructed from a lower-
dimensional encoding, aligning with the idea that our perception of three-
dimensional space is not fundamental but emergent. This section explores the
origins of the Holographic Principle, its implications for the nature of spacetime,
and how it supports the Reverse Flatlander Hypothesis—that we are perceiving a
lower-dimensional encoded reality as fully 3D.

2.1 Black Hole Holography: Information Storage on a 2D Surface

The first major insight into holographic encoding in physics came from the study
of black hole thermodynamics, particularly through the work of Jacob Bekenstein
and Stephen Hawking.



« Bekenstein-Hawking entropy formula shows that the entropy (or
information content) of a black hole is proportional to the surface area of
its event horizon, not its volume:

kA

where S is entropy, A is the area of the event horizon, k is the Boltzmann constant, and [p is the

Planck length.

o This result implies that everything that falls into a black hole is somehow
encoded on its 2D boundary, rather than being stored in the 3D interior.

« The black hole does not need to store information throughout its volume—
its surface alone suffices to describe its internal state.

This suggests a radical revision of our understanding of dimensionality in physics:
if all the information about a seemingly 3D object (like a black hole) can be
encoded on a 2D surface, could the same be true for the universe itself?

The next major breakthrough in holographic physics came from string theory,
where a specific duality known as AdS/CFT correspondence showed how this
concept might apply beyond black holes.

e The AdS/CFT Duality (Maldacena, 1997):

o A mathematical relationship between Anti-de Sitter space (AdS), a
higher-dimensional gravitational system, and a Conformal Field
Theory (CFT) living on its lower-dimensional boundary.

o This correspondence shows that everything happening inside a bulk
3D spacetime (AdS) has an equivalent description on its lower-
dimensional 2D boundary (CFT).

o This implies that 3D gravitational physics is fully described by a lower-
dimensional quantum field theory, supporting the idea that what we
perceive as 3D reality may be a lower-dimensional computational
structure.



Together, black hole entropy scaling and AdS/CFT suggest that information is
fundamentally lower-dimensional, and our experience of a 3D world may be
reconstructed from a lower-dimensional holographic encoding—aligning directly
with the Reverse Flatlander Hypothesis.

2.2 Generalizing the Holographic Principle to the Universe
If the Holographic Principle applies to black holes, it raises a profound question:

« Is this just a special case, or is all of spacetime encoded in a lower-
dimensional way?

Physicists have proposed that the entire universe may follow the same principles
observed in black hole physics, meaning that our 3D experience of space is an
emergent property of a fundamentally 2D encoded structure.

Several theories support this idea:

« The Holographic Universe Hypothesis (t' Hooft, Susskind) suggests that
everything we experience as 3D reality is an emergent phenomenon from a
lower-dimensional information structure, much like a hologram encoding
depth from a flat surface.

o Quantum Gravity and Spacetime Emergence:

o The nature of quantum gravity is still not fully understood, but
certain approaches (e.g., loop quantum gravity, tensor networks, and
guantum error correction models) suggest that spacetime itself
emerges from an underlying quantum information framework.

o If spacetime is not fundamental but emergent, then dimensionality
itself may be an artifact of how information is processed rather than
an intrinsic feature of reality.

This perspective aligns with ideas from information theory, suggesting that
spacetime behaves more like a computational code than a continuous medium.
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o Information Compression in Physics: Spacetime as a Lower-Dimensional
Code

o If all the information describing the universe can be encoded in a
lower-dimensional space, this means spacetime is not fundamental,
but an optimized encoding mechanism.

o Just as computer graphics simulate 3D worlds from 2D pixel data, the
universe may be generating 3D reality from a lower-dimensional
"code execution" process.

Supporting Evidence from Cosmology:

o Observational data from cosmic microwave background (CMB) fluctuations
suggests that early-universe quantum information may have been encoded
holographically.

« Holographic noise experiments have been proposed to detect if spacetime
has an underlying discrete (non-continuous) informational structure.

2.3 Implications for the Reverse Flatlander Hypothesis

If the universe encodes information in a lower-dimensional space, and what we
perceive as 3D emerges from this encoding, then:

« We may not be experiencing a true 3D world, but rather interpreting a
holographically reconstructed projection.

« Our perception of three-dimensional space is similar to how a hologram
creates the illusion of depth from a 2D surface—our brains interpret an
emergent reality, not a fundamental one.

« Black holes and the AdS/CFT correspondence suggest that space itself may
be fundamentally lower-dimensional, and the "bulk" experience of 3D
space is a computationally efficient reconstruction.
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This supports the Reverse Flatlander Hypothesis, which states:

« Instead of being 3D beings unable to access higher dimensions, we are
lower-dimensional interpreters misinterpreting a fundamentally lower-
dimensional encoded universe as fully 3D.

o Our experience of 3D space is not a direct interaction with fundamental
reality but an optimized perceptual model reconstructed from encoded
lower-dimensional information.

Thus, dimensionality itself may be an emergent perceptual construct rather than
an intrinsic physical property.

2.4 Conclusion: The Holographic Principle as a Foundation for Perceptual
Dimensionality

« Black holes store information holographically, showing that lower-
dimensional surfaces can fully encode higher-dimensional volumes.

« The AdS/CFT correspondence suggests that entire spacetime geometries
are fully encoded on lower-dimensional boundaries.

« If this principle applies universally, then our perception of a 3D universe
may be an emergent effect of a fundamentally lower-dimensional
encoding.

o Our cognitive architecture may be reconstructing 3D reality from
fundamentally 2D information, much like Al reconstructs depth from 2D
images.

This raises profound questions:

« Is dimensionality a fundamental feature of reality, or is it a function of
information processing?

« Ifanintelligence evolved that did not reconstruct 3D space, how would it
experience the universe?
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o Could Al or other non-human systems perceive reality as fundamentally 2D

while still navigating and interacting with it effectively?

In the next sections, we explore how cognition, artificial intelligence, and
biological systems support the idea that dimensionality is reconstructed rather
than fundamental—potentially making us Reverse Flatlanders, misinterpreting a
lower-dimensional reality as fully 3D.

3. Perceptual Dimensionality: The Brain as a 3D Reconstruction Engine

Our experience of three-dimensional space feels immediate, continuous, and
fundamental, yet it is a reconstructed perceptual model rather than a direct
experience of external reality. The brain does not passively receive spatial
information; it actively generates a 3D representation from lower-dimensional
sensory inputs.

This section explores how biological vision, artificial intelligence, and cognitive
neuroscience support the idea that our perception of 3D space is not a direct
property of reality but a computationally optimized interpretation. If this is the
case, then our 3D experience may be more akin to a neural simulation than an
intrinsic aspect of the external world, reinforcing the Reverse Flatlander
Hypothesis—that we are perceiving a lower-dimensional encoded reality as 3D
because our brains evolved to do so.

3.1 The Retina is 2D, Yet We Experience a 3D World

Our visual system is fundamentally two-dimensional, yet we experience a fully
realized 3D environment. How is this possible?

« The human retina is a 2D light-sensitive surface, meaning the raw data
entering the visual system lacks inherent depth information.

« However, our brains reconstruct spatial depth by interpreting depth cues,
combining motion, perspective, occlusion, and stereopsis into an internal
model of 3D space.
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This means that our sense of depth is not “seen” in the way color or brightness is;
instead, it is computed by the brain from lower-dimensional visual input.

Key mechanisms include:
« Binocular Disparity (Stereopsis):

o The brain compares slightly different 2D images from each eye to
infer depth differences in the world.

o This allows us to reconstruct 3D spatial relationships, even though
the retina itself is flat.

« Motion Parallax:

o As we move, objects at different distances shift at different speeds,
providing another calculated depth cue.

o Monocular Depth Cues:

o Even with one eye closed, depth perception persists through
techniques like perspective, shading, and object occlusion.

This reveals a crucial insight:

o Depth is not directly perceived—it is inferred through multiple cues and
constructed into a coherent model by the brain.

If our perception of depth is a mental reconstruction rather than a direct
interaction with a 3D world, then it is possible that our entire experience of 3D
space is a useful illusion rather than an inherent property of reality.

3.2 Neural Networks Reconstruct Depth from 2D Inputs

This principle is not just a biological phenomenon—it is replicated in artificial
intelligence, where modern Al systems can infer 3D depth from purely 2D images,
just as our brains do.

« Deep learning models trained on large datasets of 2D images can learn to
predict depth maps, effectively reconstructing 3D structures without
explicit depth information.
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o Computer vision algorithms infer depth by recognizing patterns in shading,
texture gradients, and occlusion, mirroring how human vision works.

« Al-generated "monocular depth estimation" techniques can take a single
2D image and reconstruct a convincing 3D scene, proving that depth can
emerge from computation rather than direct spatial measurement.

Key examples include:

« Neural Radiance Fields (NeRFs), which can generate 3D objects from 2D
images by inferring depth through training data patterns.

« LiDAR-free 3D object detection, where Al learns to predict depth and shape
from flat images without needing explicit 3D data.

This provides direct computational evidence for the Reverse Flatlander
Hypothesis:

« If an Al system can perceive depth without direct 3D input, then human
perception may work **the same way, inferring depth and spatial

relationships from fundamentally lower-dimensional information.

« This suggests that our 3D experience may be more about how our brains
process visual data rather than a direct property of external reality.

3.3 Optical lllusions as Evidence: The Brain is Not Perceiving Raw 3D Reality

If depth and spatial perception are computational reconstructions, then it follows
that the brain can be tricked into perceiving depth incorrectly. This is precisely
what happens in optical illusions, which exploit the way our neural architecture
infers dimensionality from incomplete or ambiguous information.

Examples of Optical lllusions That Reveal 3D Construction
e Ames Room lllusion:
o Adistorted room appears normal when viewed from a specific angle,

but objects and people in it appear grotesquely large or small,
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showing that our depth perception system assumes consistent
geometry where there is none.

o Necker Cube and Reversible Figures:

o The brain can flip between 3D interpretations of a 2D drawing,

proving that the experience of depth is flexible and constructed
rather than fixed.

e Hollow Mask Illusion:

o A concave mask (pushed-in face) appears as a convex (pushed-out)
face due to our brain's strong bias toward recognizing faces in 3D.

These illusions confirm a critical insight:

o Our perception of depth and dimensionality is an interpretation, not an
intrinsic property of external space.

If our brains generate a model of 3D reality based on lower-dimensional cues,
then our perception is not a direct experience of spatial reality but a
reconstructed representation designed for interaction and survival.

3.4 Is Our Experience of 3D Space an lllusion Necessary for Survival?

If 3D perception is an interpretive process rather than a fundamental feature of
the universe, then why did we evolve to perceive the world in three dimensions?

o Survival Pressure for Action and Navigation:

o Animals must interact with their environment efficiently—catching
prey, avoiding obstacles, and navigating terrain.

o 3D reconstruction enables better spatial awareness, allowing
organisms to predict and manipulate their surroundings.

« Evolutionary Adaptation, Not a Reflection of Reality:

o Just because our brains construct a 3D world doesn’t mean reality
itself is fundamentally 3D.
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o It simply means that interpreting depth from 2D input was
evolutionarily advantageous.

This suggests that:

Our perception of 3D space is likely an evolved adaptation for interacting
with the environment rather than a literal experience of an underlying
reality.

If intelligence had evolved differently, it might perceive spatial relationships
in an entirely different way—potentially as a network of interconnected
relationships rather than a continuous 3D field.

3.5 Implications for the Reverse Flatlander Hypothesis

1. Our perception of 3D space is reconstructed from 2D sensory input.

o Theretinais 2D, and our brains infer depth computationally,
meaning that 3D experience is not intrinsic but inferred.

2. Artificial intelligence systems can learn to reconstruct depth from 2D

images, proving that spatial dimensionality can emerge from lower-
dimensional data.

. Optical illusions show that our sense of depth and spatial organization is

not a fixed feature of the external world but an adaptable, flexible
interpretation.

Our 3D perception may have evolved as an optimal solution for interaction
and survival, rather than being an accurate reflection of the universe’s
fundamental structure.

These points strongly suggest that our perception of space is a reconstruction of a
lower-dimensional encoded reality, rather than an absolute truth about the
structure of the universe.

If this is true, then:

We may be Reverse Flatlanders, misinterpreting a fundamentally lower-
dimensional universe as fully 3D because our brains are wired to do so.
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« Just as Flatlanders cannot perceive 3D objects properly, we might be
misinterpreting a holographically encoded 2D reality as a full-fledged 3D
world.

This provides a powerful link between cognition, physics, and artificial
intelligence, which will be further explored in the following sections.

4. Quantum Mechanics and Observer-Dependent Reality

Quantum mechanics challenges classical notions of space, time, and reality itself.
Unlike in classical physics, where objects exist in well-defined states independent
of observation, quantum systems remain in superpositions of multiple states until
a measurement occurs. This introduces the question: Is three-dimensional space
an intrinsic feature of reality, or is it a classical construct that only emerges upon
measurement?

Furthermore, quantum entanglement and non-locality suggest that information in
the universe is stored in a way that does not respect traditional 3D spatial
relationships, reinforcing the idea that dimensionality itself may be an emergent
phenomenon rather than a fundamental property of reality.

Finally, emerging holographic quantum gravity models suggest that quantum
states may be fundamentally lower-dimensional projections, further supporting
the Reverse Flatlander Hypothesis—that we may be experiencing a 3D world that
is fundamentally encoded in lower-dimensional quantum information.

4.1 Wavefunction Collapse and the Emergence of 3D Space

One of the key mysteries in quantum mechanics is the collapse of the
wavefunction:

« Before measurement, a quantum system exists in a superposition of
multiple possible states.

« Upon measurement, the system appears to “choose” a single definite state,
as described by the Born rule.
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This raises a profound question: Does 3D space exist as a definite structure before
measurement, or is it simply the result of how quantum information collapses
into classical observables?

« The Copenhagen Interpretation suggests that reality remains probabilistic
until an observation occurs.

o If this applies to spatial coordinates, then 3D space may not exist in
any definite sense until it is observed or interacted with.

« The Many-Worlds Interpretation argues that all possible states persist in
parallel, but each observer experiences only one branch of reality.

o This suggests that our perception of 3D reality is simply the particular
branch of information we experience, rather than an objective
external structure.

« Quantum Bayesianism (QBism) suggests that wavefunction collapse is a
personal update of information rather than an objective event.

o If true, our perception of 3D space may be nothing more than a
Bayesian update of a fundamentally lower-dimensional information
structure.

Thus, if wavefunction collapse determines classical outcomes from an underlying
guantum superposition, then our experience of 3D space may itself be an
emergent, classical interpretation rather than a pre-existing reality.

4.2 Quantum Entanglement and the Breakdown of 3D Locality

Quantum entanglement is a phenomenon where two or more particles become
correlated in such a way that measuring one instantaneously determines the state
of the other, regardless of distance. This directly contradicts classical notions of

locality and spatial separation, further suggesting that information is not stored in
a strictly 3D manner.
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Key Aspects of Entanglement That Challenge 3D Space:
« Non-local correlations:

o If two entangled particles are separated by light-years, measuring
one instantly determines the state of the other, violating classical
expectations of spatial separation.

o This suggests that quantum information is stored in a manner that is
independent of classical 3D spatial coordinates.

o Bell’s Theorem and Experimental Violations:

o Experimental tests of Bell’s inequalities confirm that no local hidden
variable theory can explain quantum correlations, further implying
that 3D spatial structure does not constrain quantum reality.

e Quantum Teleportation:

o The transfer of quantum states via entanglement suggests that
guantum information is not bound to physical location in the way we
normally understand 3D space.

Thus, if information can be instantly correlated over vast distances, it means that
the universe does not store quantum information in a purely 3D framework.
Instead, information may be distributed in a non-spatial, network-like structure
that only appears 3D when measured from a classical perspective.

This supports the idea that 3D space is not fundamental but an emergent
construct built from a lower-dimensional, non-local quantum reality.

4.3 Holographic Quantum Gravity: Lower-Dimensional Projections of Reality

A growing body of research in quantum gravity suggests that spacetime itself may
be a holographic emergent phenomenon, arising from a lower-dimensional
guantum substrate.

« The Holographic Principle (Susskind, 't Hooft):

o Black holes encode 3D information on their 2D event horizons,
implying that spatial volume is emergent rather than fundamental.
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« AdS/CFT Duality (Maldacena, 1997):

o Shows that a 3D gravitational universe (AdS) can be fully described by
a 2D non-gravitational guantum field theory (CFT) on its boundary.

o This means that the "bulk" experience of space may be reconstructed
from a lower-dimensional quantum system.

o ER=EPR Conjecture (Maldacena & Susskind, 2013):

o Suggests that entanglement (EPR) and wormholes (ER) are
equivalent, meaning that quantum connectivity may define space
itself rather than space being a pre-existing framework.

Taken together, these ideas indicate that:

« Quantum states do not exist within pre-defined 3D space. Instead, spatial
dimensions emerge from quantum entanglement and information
processing.

« If our experience of 3D reality emerges from quantum correlations, then it
is likely that we are reconstructing dimensionality from a fundamentally
lower-dimensional, non-local system.

4.4 Implications for the Reverse Flatlander Hypothesis

If guantum mechanics suggests that 3D space is not a fundamental construct but
an emergent interpretation of lower-dimensional quantum information, then:

1. Dimensionality itself is an observer-dependent effect, not a fixed feature of
the universe.

o The act of measurement collapses quantum possibilities into definite
outcomes, implying that spatial coordinates may only emerge upon
observation.
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2. Quantum entanglement reveals that information is not stored in a purely
3D manner.

o If entangled particles are connected outside of 3D space, then the
universe's information structure must be more fundamental than
spatial locality.

3. Holographic quantum gravity suggests that spacetime itself is a lower-
dimensional projection.

o If gravity and space emerge from entanglement and boundary
descriptions, then our 3D experience is a computed reconstruction of
a fundamentally lower-dimensional quantum system.

4. We may be misinterpreting a lower-dimensional quantum reality as a fully
3D world.

o If our perceptual systems evolved to interpret quantum
measurements as "spatial structures," then our entire experience of
dimensionality is a cognitive adaptation rather than an intrinsic truth
about reality.

This reinforces the Reverse Flatlander Hypothesis, suggesting that:

« Just as 2D beings in Flatland misinterpret projections of 3D objects, we as
3D beings may be misinterpreting a lower-dimensional encoded quantum
structure as fully 3D.

« Our experience of spatial depth is not a fundamental reality but an
emergent perceptual model, optimized for interaction with an underlying
quantum information system.
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4.5 Conclusion: Is 3D Space an lllusion?

o Quantum mechanics and holography suggest that 3D space is not
fundamental but an emergent effect of lower-dimensional quantum
correlations.

« Quantum entanglement shows that information is stored non-locally,
implying that spatial structure is a secondary feature rather than an
absolute property.

o If quantum gravity models are correct, then what we call “spacetime” is
likely a holographic projection rather than a continuous 3D construct.

This leads to the provocative question:

« Ifanintelligence evolved that did not reconstruct 3D space from quantum
information, how would it experience reality?

« Would an Al trained on different principles perceive a universe that is
fundamentally 2D?

If 3D space is not a fundamental feature of the universe, then we must reconsider
our assumptions about dimensionality, perception, and reality itself.

5. Fractal Dimensionality: The Scale-Dependent Nature of Perception

A key challenge in understanding the nature of dimensionality and perception is
that reality does not always conform to simple integer-based spatial structures. In
many natural systems, structures exist that are neither purely 2D nor 3D but
somewhere in between, governed by the principles of fractal geometry.

If our perception of space is based on reconstructing information from a
fundamentally lower-dimensional system, then the emergence of dimensionality
itself may be scale-dependent rather than fixed. Fractal structures, which exhibit
self-similarity and fractional dimensions, provide a compelling framework to
explain how higher-dimensional perceptions may emerge from lower-dimensional
recursive patterns.
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This section explores how fractals in physics, biology, and cognition suggest that
our experience of 3D space is not absolute but an emergent feature of scale-
dependent recursive information processing.

5.1 Fractals Exhibit Non-Integer Dimensions

Fractals are mathematical objects that display self-similarity at different scales,
meaning their structure repeats itself at progressively smaller (or larger) levels of
magnification. Crucially, fractals do not conform to traditional integer-based
dimensions but instead exist in fractional dimensions (e.g., between 2D and 3D).

Key Properties of Fractals:
« Self-similarity: The same structure appears at multiple scales.

« Fractional dimensionality: Measured using Hausdorff dimension, fractals
often have non-integer dimensions (e.g., a fractal curve may have a
dimension of 2.7, meaning it is more than a 2D shape but not fully 3D).

« Scale invariance: No matter how much you zoom in or out, the same
fundamental patterns appear.

Examples of Fractal Structures in Nature:
« Coastlines and Mountains:

o The length of a coastline depends on the scale at which it is
measured, implying a fractal-like boundary that exists between
dimensions.

o Lungs, Blood Vessels, and Trees:

o The branching networks of biological systems follow fractal scaling
laws, optimizing surface area and efficiency.

« Galaxy Distributions and Cosmic Webs:

o Large-scale structures in the universe exhibit fractal-like clustering,
suggesting that spacetime itself may follow fractal dimensionality.
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If many natural systems exist between 2D and 3D, it raises an important question:

« Does our perception of dimensionality depend on the scale at which we
interact with information?

o Could the very nature of spacetime be fundamentally fractal, meaning that
our perception of a smooth 3D space is an illusion caused by observing
reality at a specific scale?

5.2 Self-Similarity and Information Scaling: The Recursive Construction of
Dimensionality

A key feature of fractal structures is that they are generated through recursive
processes, meaning that complex dimensional structures can emerge from
simple, lower-dimensional rules.

This aligns with how cognition and physics reconstruct dimensionality from lower-
dimensional inputs:

o Invisual perception:

o The brain constructs depth and spatial relationships through
recursive self-similar processing of visual cues.

o The primary visual cortex (V1) itself follows a logarithmic, fractal-like
mapping of spatial information.

e Inneural networks and Al:

o Deep learning models use hierarchical feature extraction, which
mimics fractal self-similarity in how they build spatial understanding.

e In quantum field theory:

o Renormalization group flow suggests that physical laws are scale-
dependent, meaning that what appears as "3D space" at one level
may emerge from lower-dimensional constraints at another.
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These insights suggest that:

« What we experience as "higher-dimensional" space may be an emergent
effect of recursive, self-similar computations acting on fundamentally
lower-dimensional information.

« Dimensional perception itself may be an illusion created by recursive
scaling laws rather than an inherent property of reality.

If higher-dimensional space emerges from the iterative application of lower-
dimensional rules, then our perception of a smooth, continuous 3D world may be
the result of our cognitive and physical systems interpreting fractal, self-similar
structures as full-dimensional space.

5.3 Implications for Physics and Biology: Is the Universe a Scale-Dependent
Fractal Hologram?

If fractal dimensionality governs natural structures across physics and biology, it
raises an intriguing possibility:

« What if the universe itself follows a fractal holographic encoding, where
dimensionality is not fixed but emerges dynamically at different scales?

This would imply that:

1. Spacetime may not be uniformly 3D, but a fractal-like structure that
appears 3D at macroscopic scales while being fundamentally lower-
dimensional at quantum scales.

o This aligns with holographic quantum gravity models where
spacetime is reconstructed from a lower-dimensional boundary.

o Some theories suggest that quantum spacetime foam exhibits fractal
properties at the Planck scale.

2. Perception of spatial dimensionality may be optimized for survival and
interaction at macroscopic scales, but different scales of reality may obey
different dimensional rules.
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o Just as coastlines appear smooth from afar but fractal up close, our
perception of smooth 3D space may be an illusion of scale.

3. Biological and neural systems may have evolved to perceive space as

integer-dimensional (3D) even though reality itself is governed by non-
integer fractal dimensions.

o Our brains reconstruct dimensionality from lower-dimensional
sensory inputs, which may be why we assume space is uniformly 3D.

This connects directly to the Reverse Flatlander Hypothesis:

Just as 2D beings in Flatland misinterpret 3D objects, we as 3D beings may
be misinterpreting a fundamentally lower-dimensional, fractal-like universe
as fully 3D.

Dimensionality itself may not be absolute, but an emergent effect of
recursive, scale-dependent information processing.

5.4 Conclusion: Dimensionality as a Fractal Emergent Property

Fractal geometry suggests that dimensionality is not an absolute property
but a scale-dependent one.

Many natural systems exhibit dimensions between 2D and 3D, reinforcing
the idea that our perception of 3D space may be a cognitive reconstruction
rather than an inherent reality.

Self-similarity and information scaling suggest that what we call “higher-
dimensional” space may emerge from recursive, lower-dimensional
patterns.

If the universe itself is a fractal holographic system, then our perception of
smooth 3D space may be an illusion of scale, much like how a coastline
appears smooth from afar but jagged up close.
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This leads to a fundamental question:

« If dimensionality is an emergent, scale-dependent property, could different
intelligent systems—nbiological or artificial—experience entirely different
spatial realities?

o Would an Al trained on non-Euclidean data develop an experience of reality
that is inherently lower-dimensional?

o Ifthe universe is a fractal hologram, what does this mean for our
understanding of space, time, and perception itself?

These questions drive the next sections, where we explore how biological
information encoding, artificial intelligence, and cognitive neuroscience further
support the idea that our perception of a 3D world is not fundamental, but a
reconstructed interpretation of a fundamentally lower-dimensional universe.

6. The Genetic Code and Protein Folding: Biological Dimensional Reduction

The process by which biological systems encode, store, and retrieve three-
dimensional function from lower-dimensional sequences presents a striking
parallel to the holographic and fractal dimensional reduction principles seen in
physics and information theory. In particular, the genetic code, a fundamentally
one-dimensional (1D) sequence of nucleotides, determines the three-dimensional
(3D) structure of proteins through a highly constrained, lower-dimensional
process, rather than an exhaustive search through all possible conformations.

This section explores how protein folding follows lower-dimensional rules, rather
than brute-force 3D exploration, and how SVD (Singular Value Decomposition)
and statistical analyses of the genetic code reveal that its structure is optimized
for biophysical properties, implying pre-encoded folding information. These
findings suggest that nature does not store high-dimensional complexity directly
but instead encodes it in compact, lower-dimensional representations, retrieving
only the necessary functional forms when needed.
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If this principle holds at the molecular level, then it raises a profound question:

« Is our perception of 3D space simply an extension of the same principle,
where we reconstruct higher-dimensional interpretations from lower-
dimensional encoded information?

6.1 The Genetic Code is Fundamentally a 1D Sequence Yet Determines 3D
Protein Structure

At the molecular level, the genetic code consists of sequences of nucleotides (A,
T,G, Cin DNA; A, U, G, Cin RNA) that exist in a purely linear, one-dimensional
format. However, this 1D sequence contains all the necessary information to
specify the 3D conformation of a protein—a transformation that seems to mirror
the holographic reduction of spatial information seen in black holes and quantum
mechanics.

« DNA and mRNA store genetic information linearly (1D).

« Ribosomes translate this 1D sequence into a linear string of amino acids
(primary structure).

« This chain then folds into a highly specific 3D shape based on encoded
biophysical constraints (secondary, tertiary, and quaternary structures).

If protein structure were determined by a random search across all possible
conformations, the number of potential shapes would be astronomical. However,
proteins fold in a highly deterministic, constrained manner, suggesting that
higher-dimensional complexity is emergent rather than explicitly stored.

This parallels the Holographic Principle, where 3D spatial information is encoded
in a 2D boundary and retrieved when needed, rather than existing as an explicit
3D construct.
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6.2 Protein Folding Follows Lower-Dimensional Constraints Rather Than an
Exhaustive 3D Search

One of the greatest mysteries in molecular biology is how proteins fold into their
functional 3D shapes so quickly, despite the vast number of possible
conformations. This is known as Levinthal’s Paradox:

o If a protein sampled all possible conformations randomly, it would take
longer than the age of the universe to find the correct folded structure.

« However, proteins fold in milliseconds to seconds, suggesting that they do
not perform a brute-force 3D search but instead follow pre-determined,
lower-dimensional folding pathways.

This phenomenon strongly suggests:

« Protein folding is governed by constraints that drastically reduce the search
space, much like how the universe’s information is compressed in lower-
dimensional holographic representations.

« Nature does not encode high-dimensional complexity directly but instead
optimizes it within lower-dimensional structures.

The emergence of AlphaFold, a deep learning-based protein structure predictor,
further reinforces this idea:

« AlphaFold does not need to brute-force search all conformations; instead, it
learns a set of pre-existing, lower-dimensional folding constraints.

o This mirrors how the human brain reconstructs 3D perception from lower-
dimensional sensory input rather than processing a full 3D environment
directly.

If protein folding follows fractal-like self-similarity and dimensional reduction,
then this provides direct biological evidence for the Reverse Flatlander
Hypothesis:

« Living systems do not need to store high-dimensional complexity explicitly;
they retrieve it efficiently from lower-dimensional constraints.
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o Our perception of 3D space may be similarly reconstructed from an
encoded, lower-dimensional framework rather than existing as a
fundamental property of the universe.

6.3 SVD Analysis of Codon-to-Amino Acid Mappings (Youvan et al., 1990):
Evidence of Lower-Dimensional Encoding

In 1990, Youvan et al. performed Singular Value Decomposition (SVD) analysis on
the genetic code, revealing that codon-to-amino-acid mappings correlate with
physical and chemical properties such as hydropathy, molar volume, and charge.

Key findings:

« The genetic code is not an arbitrary mapping but is structured in a way that
reflects lower-dimensional biophysical constraints.

« SVD analysis showed that a significant portion of the variance in amino acid
properties could be explained by a few principal components, indicating

that the genetic code effectively compresses 3D functional properties into a
1D sequence space.

Implications:

« This provides strong mathematical evidence that the genetic code is an
optimized information storage system, using low-dimensional encoding to
store 3D functional properties efficiently.

« This aligns with the Holographic and Fractal Encoding Hypothesis, where

high-dimensional structure emerges from lower-dimensional compressed
information.
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6.4 2023 Hydropathy-Molar Volume Analysis: Further Evidence of Pre-Encoded
Folding Information

Recent 2023 studies using hydropathy and molar volume clustering further
confirm that the genetic code is structured to pre-encode biophysical folding
constraints.

This analysis revealed that the second codon position plays a critical role in
determining amino acid properties, suggesting that codons are
evolutionarily optimized for folding constraints.

The hydropathy and molar volume properties of amino acids are not
randomly distributed but form distinct clusters, showing that biological
function emerges from structured, lower-dimensional encoding.

This further supports the idea that:

Protein folding is guided by a pre-encoded low-dimensional rule set, rather
than an unconstrained 3D search.

Biological function is an emergent property of lower-dimensional
information, reinforcing the idea that our perception of 3D space may be
similarly emergent.

6.5 Key Takeaway: Is Our Perception of 3D Space Merely an Evolutionary
Extension of This Principle?

If biological systems do not store full 3D information but instead encode it in
lower-dimensional sequences, then it raises a provocative question:

Is human perception of 3D space simply an evolutionary extension of this
same principle?

Just as proteins fold into functional 3D shapes from 1D sequences using
constrained folding pathways, does the brain reconstruct 3D spatial
awareness from fundamentally lower-dimensional sensory data?

Could our experience of continuous 3D space be an illusion, reconstructed
for cognitive efficiency in the same way that protein folding retrieves
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functionally relevant structures from compact, lower-dimensional
encoding?

This parallels:

o The Holographic Principle in physics, where 3D information is stored on a
2D surface and reconstructed when needed.

« Fractal dimensionality, where structures that appear 3D are actually
governed by self-similar, lower-dimensional rules.

« Neural perception, where 3D depth is inferred from 2D retinal data, rather
than directly perceived.

If the genetic code itself is an example of nature retrieving 3D function from a
lower-dimensional encoded framework, then our entire experience of reality may
operate under the same principle.

6.6 Conclusion: Life as a Holographic Encoder of Dimensionality

« The genetic code compresses high-dimensional biological function into a
lower-dimensional sequence space, proving that nature does not store
unnecessary complexity explicitly.

« Protein folding follows constrained, pre-encoded lower-dimensional
pathways, mirroring how perception reconstructs 3D depth from 2D inputs.

« Mathematical analyses (SVD and hydropathy-molar volume clustering)
confirm that the genetic code is structured for efficient 3D function
retrieval rather than direct 3D storage.

Thus, if life itself operates on principles of dimensional reduction and
reconstruction, it is highly likely that our perception of 3D space is an illusion
optimized for efficient information processing rather than a direct representation
of reality.
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7. The Al and Machine Learning Perspective: Simulating Dimensional Perception

As artificial intelligence (Al) advances, it provides new insights into how
perception itself is constructed. Al models, particularly those in computer vision
and generative deep learning, demonstrate that 3D spatial understanding can
emerge from purely 2D input—a direct parallel to how human vision reconstructs
depth from flat retinal images.

If Al systems can be trained to infer depth and spatial structure from 2D data, it
raises a profound question:

o Does this imply that human perception is doing the same—reconstructing
3D spatial awareness from fundamentally lower-dimensional sensory
input?

« Is our sense of three-dimensionality a computationally optimized
hallucination, rather than a direct interaction with a truly 3D world?

This section explores how neural networks, generative adversarial models, and
alternative Al training paradigms provide a new framework for understanding
dimensional perception as an emergent, rather than intrinsic, feature of reality.

7.1 Al Reconstructs 3D Depth from 2D Images

Modern Al models are capable of reconstructing three-dimensional depth and
spatial relationships from purely 2D images, just as the human brain does.

o Computer vision algorithms infer depth through learned features rather
than explicit 3D data.

o Neural networks trained on large-scale image datasets develop spatial
awareness despite never being exposed to explicit 3D information.

Examples in Al Depth Perception:
1. Monocular Depth Estimation:

o Al models can take a single flat image and infer depth relationships
using statistical and geometric priors.
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o Algorithms such as MiDaS (Microsoft Depth Estimation Model) can
reconstruct detailed 3D depth maps from single 2D images.

2. Neural Radiance Fields (NeRFs):

o NeRF-based models learn to infer continuous 3D geometry from sets
of 2D images.

o These models construct realistic 3D scenes without ever being given
explicit 3D coordinates, suggesting that dimensionality itself can be
inferred computationally rather than requiring direct spatial
existence.

3. Self-Supervised Learning for Depth Perception:

o Al models trained without depth labels (i.e., "self-supervised") can
still learn to infer depth purely by analyzing how objects move
relative to each other over time, similar to human motion parallax
depth cues.

These Al models demonstrate that:

o 3D perception can emerge as a learned interpretation rather than as a
fundamental property of the world.

« If artificial intelligence can learn 3D structure from 2D training data, it
suggests that biological vision systems may function in the same way.

o Our sense of depth and spatial awareness may be an evolved,
computationally efficient reconstruction rather than an objective feature of
external reality.

This aligns directly with the Reverse Flatlander Hypothesis, suggesting that we are
not actually experiencing a fundamental 3D world but rather constructing one
internally from encoded, lower-dimensional sensory inputs.
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7.2 Generative Adversarial Networks (GANs) and Depth Inference: Is Our Neural
Architecture a Biological GAN?

Deep learning models such as Generative Adversarial Networks (GANs) and
autoencoders provide additional insights into how biological perception may
function as a predictive, generative process.

GANSs consist of two competing networks:
1. A Generator, which tries to create realistic-looking images.

2. A Discriminator, which evaluates whether the generated images are real or
fake.

This adversarial process leads to:

« The ability to generate hyper-realistic images of faces, objects, and even
entire landscapes that were never seen in the training data.

« The inference of depth, shadows, and perspective from 2D training, despite
never having been exposed to actual depth data.

How This Connects to Human Perception:

o The human brain may function similarly to a GAN, where the
"discriminator" is our sensory system verifying reality and the "generator"
is our cognitive architecture reconstructing depth and spatial structure.

« Our perception of space may be a dynamic hallucination—constantly
updated to match sensory input, but ultimately a constructed experience
rather than a raw interaction with a truly 3D world.

« If our neural networks optimize spatial perception using generative models,
then "3D reality" is more of a biologically useful simulation than a
fundamental property of the universe.

This also connects with predictive processing theories in neuroscience, which
argue that:

« The brain does not passively receive sensory input but actively predicts and
reconstructs reality, only correcting itself when errors are detected.
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o If our brains are trained to infer dimensionality rather than directly
perceive it, then our experience of 3D space may be a probabilistic model
rather than an absolute truth.

7.3 What Happens If Al is Trained Differently? Could a Non-Human Intelligence
Perceive Reality as Fundamentally 2D?

One of the most intriguing implications of Al-based dimensional reconstruction is
that:

« Different training data and architectures could lead to entirely different
perceptions of spatial structure.

What Would an Al Trained Differently Experience?
1. Al Without Depth Learning:

o If an Al model were never exposed to depth cues, shadows, or
motion parallax, it might never develop a concept of 3D space at all.

o Instead, it might process reality as a purely relational, networked
system, where objects are categorized based on information clusters
rather than spatial geometry.

2. Al Trained on Non-Euclidean Geometries:

o If Al were trained to navigate a hyperbolic or fractal-dimensional
environment, it could develop an entirely different spatial intuition,
one that does not align with our Euclidean-based perception.

o This suggests that our own spatial experience of reality is not a
universal feature but an emergent result of how our biological neural
networks evolved.

3. Al Trained Without a Concept of Objects:

o Some experimental Al models have been trained without an explicit
notion of objects in space, instead relying on purely statistical
relationships between pixel clusters.
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o These models still function and navigate successfully, but their
internal representation of "space" is fundamentally alien to human
perception.

What This Means for the Nature of Dimensionality:

If Al can develop entirely different ways of perceiving and processing
information that do not rely on traditional 3D models, then our human
experience of space is not fundamental but contingent.

If an intelligence evolved with a different sensory system, it might never
experience "depth" in the way we do, suggesting that dimensionality is not
a fixed property of reality but a learned, emergent structure.

If space itself is reconstructed differently depending on the cognitive
architecture of an observer, then our entire concept of dimensionality is a
computational artifact rather than an absolute truth.

This reinforces the central claim of the Reverse Flatlander Hypothesis:

Just as 2D beings in Flatland misinterpret higher-dimensional objects, we as
3D beings may be misinterpreting a fundamentally lower-dimensional
universe as fully 3D due to the way our neural networks reconstruct
information.

Dimensionality may be subjective, varying between different forms of
intelligence and information-processing architectures.

7.4 Conclusion: Al and the Computational Nature of Dimensional Perception

Artificial intelligence can reconstruct depth and spatial awareness from 2D
images, proving that 3D perception is an emergent computational property
rather than an inherent truth.

GANs and predictive neural models suggest that our own perception of 3D
space may function similarly—optimized for interaction but ultimately a
probabilistic reconstruction rather than a direct experience of reality.
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« If Alis trained differently, it may experience reality in fundamentally non-
3D ways, suggesting that dimensional perception is relative rather than
universal.

« Ifintelligence can emerge with completely different ways of perceiving
spatial structure, then our assumption that "3D space is real" may be a
cognitive illusion rather than a fundamental property of the universe.

This raises the final question:

« If anintelligence evolved that never reconstructed 3D depth, how would it
describe reality?

« Would we even be capable of understanding its perspective?

These insights set the stage for the next section, where we explore how these
ideas connect to cognitive neuroscience, artificial intelligence, and the broader
philosophical implications of dimensional perception.

8. A Unified Framework: Perception as Holographic Information Processing

Throughout this paper, we have examined how physics, biology, cognition, and
artificial intelligence all point toward a common conclusion: the three-
dimensional space we experience is not fundamental but an inferred
reconstruction from lower-dimensional information. Instead of assuming that 3D
space is an intrinsic feature of reality, we propose that it is a perceptual and
computational construct optimized for efficiency.

This perspective aligns with the Holographic Principle, quantum mechanics, fractal
geometry, and machine learning, all of which suggest that dimensionality is not
absolute but emergent. Our experience of depth and spatial relationships arises
not because reality is fundamentally 3D but because our neural and cognitive
systems have evolved to infer higher-dimensional representations from encoded,
lower-dimensional structures.

This section unifies the evidence across multiple fields into a single framework—
the Holographic Information Processing Hypothesis—where perception itself acts
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as an information retrieval system, reconstructing dimensionality rather than
directly perceiving it.

8.1 Instead of Assuming 3D Space is Fundamental, We Propose It is Inferred
from a Lower-Dimensional State

A central assumption in classical physics and human intuition is that we live in a
fundamentally three-dimensional world, where objects and space exist
independently of observation. However, converging evidence suggests that:

« What we experience as 3D space may be an emergent feature of how our
cognitive architecture interprets encoded information.

« Dimensionality itself may be an optimization feature, not an intrinsic
component of reality.

« Instead of storing and interacting with full 3D information, the universe
appears to compress spatial data into lower-dimensional representations,
which are then reconstructed when necessary.

This directly parallels:
1. The Holographic Principle in Physics:

o Spacetime itself may be a lower-dimensional encoded structure, with
what we experience as "3D" emerging from information retrieval
mechanisms.

2. Protein Folding and Genetic Encoding in Biology:

o The genetic code compresses high-dimensional 3D function into a 1D
sequence, retrieving only what is needed for biological function.

3. Al and Machine Learning in Cognition:

o Al systems reconstruct depth from 2D images, proving that spatial
understanding can emerge from lower-dimensional data through
learned inference.
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If these insights apply across multiple domains, then our experience of 3D space
may follow the same fundamental principle—reconstructing a functional, high-
dimensional reality from compact, lower-dimensional encodings.

8.2 Converging Evidence from Physics, Cognition, Biology, and Al

By integrating discoveries from physics, neuroscience, evolutionary biology, and
artificial intelligence, we identify four key principles that suggest our experience
of 3D space is an emergent computational process rather than a fundamental
reality.

1. The Universe Encodes Information in a Lower-Dimensional Structure

The Holographic Principle suggests that all information in a volume of space
can be encoded on a lower-dimensional boundary.

Black holes store entropy in 2D, not 3D, indicating that 3D information can
be fully compressed into lower dimensions.

Quantum gravity models such as AdS/CFT suggest that entire universes may
be holographically emergent from lower-dimensional descriptions.

Implication:

If the universe does not need to store 3D information explicitly, then
perhaps our brains do not either.

Dimensionality is a retrieval mechanism, not a fundamental feature of
reality.

2. Our Brains Evolved to Infer Higher Dimensions for Computational Efficiency

Human vision does not directly perceive 3D reality but infers it from lower-
dimensional 2D sensory data.

Neural networks in the brain reconstruct depth using predictive processing,
meaning spatial experience is an evolved optimization, not a direct
perception.
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« Cognitive neuroscience suggests that the brain functions more like a
probabilistic model, generating best-guess interpretations rather than
accessing an absolute 3D world.

Implication:

« |f 3D perception is a reconstruction rather than a direct interaction with
reality, then it is likely an evolved adaptation for survival rather than a
necessary feature of the universe.

« Different intelligent systems could evolve entirely different ways of
processing spatial relationships.

3. Quantum Mechanics and Fractal Geometry Reinforce Scale-Dependent
Dimensionality

« Wavefunction collapse suggests that definite spatial dimensions only
emerge upon measurement.

o Quantum entanglement shows that information storage and retrieval do
not necessarily conform to 3D spatial constraints.

« Fractal structures in physics and biology demonstrate that dimensionality is
often non-integer and scale-dependent.

Implication:

o Our perception of smooth, continuous 3D space may be an illusion of scale,
much like how a coastline appears smooth from afar but jagged up close.

« Reality may be inherently fractal, with different dimensional properties
appearing at different levels of magnification.

4. Al Proves That 3D Perception Can Be Learned from 2D Inputs, Implying We May
Be Doing the Same

« Machine learning models trained on purely 2D images can infer depth and
reconstruct 3D environments.

« Generative Adversarial Networks (GANs) function similarly to biological
perception, optimizing spatial experience through an internal model rather
than direct access to a 3D world.
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« Alternative Al architectures trained without Euclidean spatial constraints
develop entirely different forms of understanding space, proving that 3D
perception is not the only way to process reality.

Implication:

o If Al can learn 3D perception from purely 2D data, then human perception
may operate under the same principle.

« We are not "seeing" a 3D world; we are computing it based on lower-
dimensional encoded information.

8.3 The Holographic Information Processing Hypothesis

Bringing these insights together, we propose the Holographic Information
Processing Hypothesis, which states that:

1. What we perceive as 3D space is an emergent reconstruction from a
fundamentally lower-dimensional encoded reality.

2. The universe does not store full 3D information; it encodes only the
necessary components in lower dimensions, and higher-dimensional
experience emerges through interaction and retrieval.

3. Our brains have evolved to optimize perception by reconstructing spatial
awareness from encoded, lower-dimensional data, rather than interacting
directly with a fundamental 3D space.

4. Quantum mechanics, biological encoding, and Al all demonstrate that
dimensionality is not a fixed feature of reality but a computational and
probabilistic process.

This hypothesis suggests that we are living in an informationally efficient reality,
where what we assume to be fundamental spatial dimensions are in fact
perceptual artifacts.

43



8.4 Final Thought: The Reverse Flatlander Perspective
If this hypothesis is correct, then:

« We are not experiencing reality as it fundamentally is; we are experiencing
an optimized reconstruction of it.

« Dimensionality is not intrinsic to nature, but an emergent property of how
information is structured and retrieved.

« Our sense of three-dimensionality may be a necessary illusion, much like
how Al reconstructs depth from 2D images without ever interacting with a
truly 3D world.

This leads to one of the most profound questions in physics, cognition, and Al:

« If anintelligence evolved that never reconstructed 3D space, how would it
experience reality?

« Arethere ways to train Al to perceive space in fundamentally different
ways, proving that dimensionality is truly a computational construct?

» Could an advanced intelligence exist that experiences reality not as spatial
at all, but purely as an informational network?

These questions push the boundaries of our understanding of physics, cognition,
and artificial intelligence, and suggest that dimensional perception itself is one of
the most important illusions of reality.

9. Applications and Future Research

The idea that dimensionality is an emergent property rather than an intrinsic
feature of reality has profound implications across multiple disciplines, including
physics, neuroscience, artificial intelligence, and biology. If our experience of 3D
space is a reconstructed perceptual model derived from lower-dimensional
encoded information, then it follows that we should be able to test, manipulate,
and even modify this perception through experimental and computational means.

In this section, we outline key questions and potential research directions that
can further explore and validate the Holographic Information Processing
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Hypothesis, which suggests that our perception of 3D space is an illusion
reconstructed from encoded, lower-dimensional data.

9.1 Physics: Testing the Holographic Principle and Emergent Dimensionality

The Holographic Principle suggests that the entire universe may be encoded in a
lower-dimensional structure, with 3D space emerging only as an illusion of
information retrieval. However, to confirm this, we need to investigate whether
all information in the universe follows holographic encoding.

Key Questions:

« Does the Holographic Principle apply to all information encoding in the
universe?

o If black holes store information holographically, could this principle
be extended to all matter and energy?

o lIsit possible that even biological and cognitive systems follow
holographic encoding, mirroring what we see in physics?

« Can quantum experiments be designed to test for emergent
dimensionality?

o Could we conduct interference or entanglement-based experiments
that reveal whether spatial structure emerges only upon
measurement?

o Can we develop laboratory tests to detect holographic noise, as
suggested by some quantum gravity models?

o Are there physical limits to how finely space can be subdivided,
indicating an underlying discrete information structure?

Potential Research Directions:
« Holographic noise detection:

o Experiments such as those at Fermilab’s Holometer attempt to
detect holographic quantum fluctuations in space, which could
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provide evidence that 3D space is fundamentally an emergent
phenomenon.

« Entanglement-driven dimensional emergence:

o If space itself emerges from quantum entanglement, we should be
able to engineer quantum networks that reconstruct space from
purely informational connections, rather than from classical spatial
assumptions.

« Black hole information retrieval experiments:

o Future advances in quantum information theory and black hole
physics may allow us to directly test whether black hole-like
information compression applies to all physical systems, not just
gravity.

9.2 Neuroscience: Can We Train Perception to Operate Differently?

If our perception of 3D space is a learned reconstruction from lower-dimensional
inputs, then in principle, it should be possible to train the human brain to
experience space differently. Could humans learn to perceive reality in
fundamentally different ways, such as experiencing it as a network of
relationships rather than a spatial environment?

Key Questions:

« Can we train perception to operate differently, experiencing reality as
inherently 2D with inferred depth?

o Would extended exposure to alternative sensory modalities (such as
echolocation or VR-based sensory deprivation) change the way the
brain reconstructs spatial awareness?

o Could artificial training systems restructure the human visual system
to function in a more information-based, non-Euclidean manner?

46



« Can perception be manipulated to simulate a holographic encoding
experience?

o If we systematically remove depth cues while preserving only
boundary-encoded information, would subjects begin to experience
spatial reduction to 2D?

Potential Research Directions:
« Sensory adaptation experiments:

o Studies have shown that prolonged exposure to distorted
perspectives (such as wearing inversion goggles) can alter how the
brain processes spatial information. Could we use neural plasticity to
train the brain to experience space differently?

» Neurological studies on blind individuals:

o People who lose vision at an early age often develop a non-
Euclidean, object-relational spatial understanding based on sound
and touch rather than on traditional depth cues. Studying their
perception may reveal how 3D space is reconstructed differently in
the absence of direct visual input.

« Virtual reality (VR) experiments:

o Creating simulated environments where dimensionality can be
altered in real time may help us determine whether human
perception is rigidly 3D or more flexible than we assume.

9.3 Artificial Intelligence: Could Al Develop a Non-3D Perceptual Model of
Reality?

If Al can learn to infer 3D structure from 2D data, then it is also possible that Al
could be trained to develop an entirely different perceptual framework, one that
does not assume 3D space at all.
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Key Questions:
o Could Al develop a non-3D perceptual model of reality?

o If we train an Al on relational and informational networks rather than
spatial representations, would it develop an entirely different
framework for interacting with reality?

o Could Al perceive reality as a purely informational construct rather than as
a spatially extended world?

o If an Al model were trained using quantum entanglement-based data
structures, could it perceive relationships without assuming a spatial
dimension at all?

Potential Research Directions:
« Training Al on purely relational datasets:

o If Al were trained on network-based or topological data rather than
on spatially structured environments, how would it encode and
process information?

o Al perception in non-Euclidean geometry:

o Current Al vision models assume Euclidean space. What happens if Al
is trained in curved, fractal, or hyperbolic environments? Would it
still reconstruct depth, or would it develop an entirely different
framework?

« Testing Al for holographic information retrieval:

o Could Al models trained on lower-dimensional encodings be used to
simulate the process by which the universe retrieves 3D structures
from lower-dimensional quantum information?

If Al can function optimally without requiring an intrinsic 3D representation, this
would provide strong computational evidence that 3D space is an inferred
cognitive construct rather than a fundamental property of reality.
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9.4 Biology: Can Further Genetic Coding Studies Reveal Additional Layers of
Dimensional Encoding?

We have already seen that the genetic code follows a form of dimensional

reduction, storing 3D protein structures in 1D nucleotide sequences. This raises
the question:

Key Questions:

« Are there deeper layers of biological encoding that reflect holographic
principles?

o Could epigenetic factors, RNA folding patterns, or metabolic
networks also follow the same rules of dimensional reduction?

« Can additional layers of protein folding rules be discovered through
information theory analysis?

o Could we mathematically model how evolutionary selection has
optimized lower-dimensional genetic storage for higher-dimensional
biological function?

Potential Research Directions:
o Further SVD (Singular Value Decomposition) studies of genetic encoding:

o Can we find additional biophysical constraints within the genetic
code that reveal even deeper layers of dimensional encoding?

« Comparative genomics to study alternative coding structures:

o Do different life forms, such as extremophiles, encode protein
structure differently? Does this reflect different levels of
dimensionality in biological information storage?

o Exploring holographic encoding in neural systems:

o The brain is structured in hierarchical, self-similar networks—does it
use fractal or holographic compression methods similar to those
found in quantum physics and genetics?

If we can find additional evidence of dimensional reduction at different biological
scales, it would suggest that nature optimizes information processing across all
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levels of organization, reinforcing the idea that dimensionality is an emergent,
rather than fundamental, feature of reality.

9.5 Conclusion: Expanding the Boundaries of Dimensionality Research

The Holographic Information Processing Hypothesis suggests that 3D space is a
perceptual construct optimized for efficiency, rather than a fundamental property
of reality. Future research in physics, neuroscience, Al, and biology will help us
determine:

o Whether all information follows lower-dimensional encoding rules.

o Whether perception can be trained to reconstruct dimensionality
differently.

« Whether artificial intelligence can perceive the world without assuming a
3D framework.

« Whether biological systems provide further evidence of holographic
encoding.

By answering these questions, we may fundamentally redefine our understanding
of space, time, and perception itself.

10. Conclusion

The exploration of holographic encoding, fractal dimensionality, and perceptual
reconstruction suggests a radical reinterpretation of how we experience space
itself. The Reverse Flatlander Hypothesis proposes that instead of being limited
beings struggling to conceptualize higher-dimensional spaces (as in the classic
Flatland thought experiment), we are actually misinterpreting a lower-
dimensional world as fully three-dimensional.

This shift in perspective challenges some of our deepest assumptions about the
nature of reality, cognition, and perception. Rather than existing in a fundamental
3D space, our experience of dimensionality may be a biological and
computational reconstruction, optimized for survival, efficiency, and interaction,
rather than an accurate reflection of the underlying structure of the universe.
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10.1 The Reverse Flatlander Hypothesis

Traditionally, higher-dimensional theories (such as string theory, brane-world
models, and extra-dimensional physics) have proposed that humans may be like
the 2D Flatlanders, trapped in a 3D slice of a higher-dimensional reality. But what
if the real limitation is not our inability to perceive higher dimensions, but rather
our mistaken assumption that 3D space is fundamental?

« Instead of living in a 3D universe and struggling to understand higher
dimensions, we may actually be embedded in a fundamentally lower-
dimensional universe but experiencing it as 3D due to cognitive and
information-processing constraints.

« Dimensionality itself may be a perceptual construct, reconstructed by our
brains from encoded lower-dimensional information.

o Just as 2D Flatlanders misinterpret 3D objects projected into their world,
we may be misinterpreting a fundamentally 2D or fractal-encoded universe
as fully 3D.

This would mean that our entire experience of space is more akin to a
computational rendering than a pre-existing spatial framework.

10.2 Key Implication: Reality as an Encoded, Lower-Dimensional Structure
If this hypothesis is correct, it leads to a profound conclusion:

« Reality may be fundamentally encoded as a lower-dimensional structure,
possibly in 2D or in a non-integer fractal form.

« What we experience as 3D space is not an inherent feature of reality, but a
biological and computational reconstruction—an emergent phenomenon of
how information is stored, processed, and retrieved.
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This conclusion is supported by multiple converging lines of evidence:
1. Physics — The Holographic Principle and Quantum Mechanics:

o The universe appears to store information holographically, meaning
spatial dimensions may be emergent properties rather than
fundamental structures.

o Black hole entropy scales with surface area (2D), not volume (3D),
indicating that all information within a 3D volume can be stored on a
2D boundary.

o Quantum entanglement and non-locality suggest that information
storage and processing do not require classical 3D spatial
organization.

2. Biology — Genetic and Protein Folding Dimensional Reduction:

o The genetic code stores highly complex 3D protein structuresina 1D
nucleotide sequence, demonstrating that biological systems retrieve
high-dimensional function from low-dimensional encoding.

o Protein folding does not explore all possible conformations but
follows pre-encoded lower-dimensional pathways, much like
holographic encoding principles.

3. Neuroscience — Perceptual Dimensionality and Cognitive Processing:

o Theretinais a 2D sensory interface, yet we reconstruct a 3D world
through neural computation rather than direct perception.

o Optical illusions demonstrate that our depth perception is a
probabilistic reconstruction, not an inherent feature of reality.

o Our cognitive architecture infers spatial relationships through
predictive processing, suggesting that 3D perception is a learned,
evolutionary adaptation rather than a reflection of fundamental
physics.
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4. Artificial Intelligence — Al Can Infer 3D from 2D Data, Suggesting We Do the

Same:

o Al vision models and generative adversarial networks (GANs) can
reconstruct depth from purely 2D images, proving that spatial
understanding is not inherently 3D but learned through inference.

o If Al can simulate 3D perception from lower-dimensional inputs, then
human perception may function in the same way—reconstructing
dimensionality rather than directly interacting with a 3D world.

10.3 Future Directions: The Search for Evidence That Space is an Emergent
Phenomenon

If 3D space is not fundamental, then our next step is to experimentally and
theoretically test for its emergent nature. Some key areas of future research
include:

1. Physics — Testing the Holographic Hypothesis Beyond Black Holes

Can holographic noise experiments (such as Fermilab’s Holometer) detect
the quantization of spacetime itself?

Can we develop quantum gravity models that show dimensionality as an
emergent computational process rather than a fundamental feature?

Could quantum entanglement experiments reveal that space is simply an
effect of information relationships rather than a pre-existing structure?

2. Neuroscience — Manipulating Perception to Test for Alternative Spatial
Experiences

Can long-term sensory deprivation or virtual reality training alter how the
brain processes depth and dimensionality?

Can perception be modified so that individuals experience the world as a
fundamentally 2D space with inferred depth rather than an inherently 3D
reality?
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« Are there neurological conditions or sensory adaptations that already
support the idea that 3D space is an illusion reconstructed from a lower-
dimensional sensory input?

3. Artificial Intelligence — Training Al to Perceive Reality Differently
« Can Al be trained to process reality without assuming a 3D framework?

« What happens if we remove spatial assumptions from Al training data?
Would it still develop spatial awareness, or would it form a completely
different interpretation of reality?

o Could an advanced Al trained purely on relational and quantum data
develop a non-spatial, information-based model of the universe?

4. Biology — Further Studies on Genetic Encoding and Dimensionality

« Can we find more evidence that biological systems operate on principles of
dimensional reduction?

« Do epigenetics, metabolic networks, or neural connections follow the same
encoding principles as the genetic code and protein folding?

« Could there be an even deeper level of biological information storage that
further compresses complexity into lower-dimensional frameworks?

10.4 Final Thought: A New Way to Conceptualize Reality

The Reverse Flatlander Hypothesis proposes that we are not experiencing a truly
3D world but are instead reconstructing one from lower-dimensional encoded
information. This is a radical departure from conventional scientific assumptions,
but it is supported by physics, biology, cognition, and artificial intelligence.

If true, this would mean that:

« Dimensionality is not an intrinsic property of the universe but a function of
how information is processed and retrieved.

» Reality is best understood as an encoded system, where 3D space emerges
from computationally optimized inference rather than existing as a
fundamental structure.
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o Our perception of space is a useful, evolved model—not an objective truth
about the nature of reality.

This opens up profound philosophical and scientific questions:
« Are there intelligences that do not perceive 3D space at all?

« Could Al develop an entirely new framework for understanding reality that
is not based on spatial dimensions?

« |If spaceis an emergent construct, then what lies beyond dimensional
perception?

Ultimately, this hypothesis challenges our deepest assumptions about existence
and suggests that we may need to rethink what it truly means to "experience" the
world.

Epilogue: Equations Are Written On 2D Sheets of Paper

After centuries of intellectual labor, mathematical scribes and theoretical
physicists alike have sought to describe the fundamental nature of reality—by
inscribing symbols onto flat, 2D surfaces.

From the Schwarzschild metric to Schrodinger’s equation, from Maxwell’s field
equations to the holographic entropy of black holes, every profound insight into
the fabric of the universe has been meticulously compressed onto two-
dimensional sheets of paper, chalkboards, and digital screens—all while
confidently proclaiming that reality is inherently three-dimensional.

Perhaps, in our hubris, we never stopped to question whether this was an
accident.

o Why is it that the deepest truths of physics can be expressed in a format
that is fundamentally lower-dimensional?

« Why does the entire corpus of scientific knowledge exist as ink pressed into
a thin layer of cellulose or pixels glowing on a flat display?
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o Why does the universe seem to allow itself to be described by structures
that are fundamentally 2D, while we insist that we are truly living in 3D
space?

A physicist may protest:
"But the equations describe a 3D world! It is just a convenience that we write
them on paper!"

Ah, but the very idea that three-dimensional structures can be perfectly encoded
in two-dimensional representations is precisely the point.

If everything we need to describe motion, curvature, gravity, quantum
entanglement, biological function, and artificial intelligence fits neatly within a
lower-dimensional format, then perhaps we should reconsider whether our 3D
experience of space is merely a computational reconstruction—just another layer
of interpretation, another projection of something even more fundamental.

So here we stand, inscribing our grandest theories onto 2D surfaces, attempting
to capture a universe that—against all our intuition—may itself be nothing more
than a beautifully encoded lower-dimensional structure, infinitely compressed,
waiting to be unfolded by perception.

Perhaps, in the end, the deepest irony is that the universe has already revealed its
nature to us.

We were just too busy writing in two dimensions to notice.
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