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Abstract

The measurement problem in quantum mechanics remains unresolved due to the lack of a precise
definition for the observer and the conditions under which wavefunction collapse occurs. In this
paper, we introduce a formal, physics-compatible model of consciousness as a quantifiable
structure composed of five functional components: recursive self-modeling R(t) , temporal
integration T (t) , attention-based entropy modulation A(t) , informational boundary
definition B(t) , and subjective coherence Q(t) . These components are mathematically
expressed, neurophysiologically grounded, and integrated into a unified function C(t) that
defines the collapse capacity of a system.

We propose a scalar collapse threshold 0O jjapse » computed as a weighted sum of the normalized

strengths of each component, and demonstrate how only systems that exceed this threshold are
capable of producing high-resolution, temporally integrated quantum collapse. Additionally, we
introduce an entropy-resonance model to determine collapse timing, based on the synchronization
between the entropy gradient of the quantum system and the information acquisition rate of the
observer.

This model resolves the ambiguity of the observer by defining it as a physical structure with
measurable properties, avoids invoking metaphysical consciousness, and remains fully compatible
with standard quantum mechanics. It also offers experimentally testable predictions about the role
of attention and structural complexity in collapse depth, opening the door to future investigations
in both quantum foundations and neuroscience.
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1. Introduction

The foundational equations of quantum mechanics offer unmatched predictive power, yet the
theory lacks a definitive account of what constitutes a measurement. The formalism describes
unitary evolution of quantum systems through the Schrodinger equation, but resorts to an
undefined “collapse” during measurement—an event that reduces a superposed quantum state to
a single outcome. The precise conditions under which this collapse occurs, and what kind of system
qualifies as a legitimate observer, remain unresolved. This is known as the quantum measurement
problem.

Historically, some interpretations have invoked the role of the conscious observer as a trigger for
collapse, most notably in the Copenhagen framework and later in thought experiments such as
Wigner’s Friend. However, these interpretations provide no structural definition of consciousness,
nor do they specify what physical properties distinguish a conscious observer from an inanimate
measuring device. As a result, the invocation of consciousness has often been rejected as
speculative or metaphysical.

In contrast, this paper offers a rigorously defined model of consciousness based on information
theory, entropy dynamics, and neurophysiological structure. We propose that consciousness is not
a binary or metaphysical feature, but a graded, physical system characterized by five components:

C(t) = (R®), T(),A(),B(t),Q(D))

Where:
. R(t) : Recursive self-modeling,
. T(t) : Temporal integration of state history,
. A(t) : Entropy-based attentional modulation,
. B(t) : Informational boundary definition (self/non-self distinction),

. Q(t) : Subjective coherence (qualia structure).

We introduce a scalar threshold function ©jjapse > representing the minimum integrated capacity

of these components necessary to trigger high-resolution quantum collapse. The collapse event
itself is not strictly random but is modeled as an entropy-resonant interaction between the quantum
system’s state-space evolution and the informational dynamics of the observer.

This dual-formalization addresses two critical gaps:

1. It defines the structure of the observer in measurable, physical terms;



2. It defines the timing of collapse as a condition of entropy synchronization between system
and observer.

By doing so, we advance a non-dualistic theory of quantum collapse grounded in physical
structure, informational geometry, and neurocognitive correlates. The model retains compatibility
with standard quantum mechanics, while extending it with a testable, quantitative framework for
observer-induced resolution.

In what follows, we will review the relevant background literature, develop the formal structure of
the model, derive its implications for collapse dynamics, and explore its potential experimental
applications and theoretical extensions.

2. Background and Motivation
2.1. The Quantum Measurement Problem

Quantum mechanics, in its standard formulation, is defined by two modes of evolution. First, the
wavefunction W evolves deterministically and unitarily according to the Schrodinger equation.
Second, upon measurement, this evolution appears to undergo a discontinuous and probabilistic
transformation, resulting in a single definite outcome. This second process—commonly referred
to as wavefunction collapse—is not described by the unitary equations of motion and requires an
additional postulate.

Despite its predictive success, the theory fails to specify when or why this collapse occurs, or what
physical process constitutes a “measurement.” This gap has led to a range of interpretations:

. The Copenhagen interpretation treats measurement as a primitive event, invoking the
observer as a central (but undefined) agent.

. The Many-Worlds interpretation denies collapse altogether, positing that all possible
outcomes are realized in parallel.

. Objective collapse theories (e.g., GRW, Penrose OR) introduce stochastic mechanisms
that collapse the wavefunction spontaneously or as a function of physical thresholds (mass,
gravitational self-energy, etc.).

. Decoherence theory explains the apparent transition from quantum to classical via
entanglement with the environment, but it does not resolve the selection of a single outcome.

A common shortcoming across these interpretations is the lack of structural definition for what

triggers a measurement event or why conscious observers appear privileged in their ability to
produce definite outcomes.

2.2. Consciousness and Collapse: From Speculation to Structure



Several theories have speculated that consciousness may play a central role in wavefunction
collapse. These include:

. von Neumann’s chain, which places the observer at the terminus of the measurement
process,

*  Wigner’s hypothesis, suggesting that human consciousness is essential to collapse,

. And more recent speculative models, such as Orch-OR (Penrose and Hameroff), which
attempt to locate consciousness within quantum structures in the brain.

However, these models often suffer from:
. Lack of empirical grounding,
. Absence of testable metrics for consciousness,

*  And ambiguity about what makes a system “conscious” in the first place.

Consequently, most physicists have avoided incorporating consciousness into fundamental theory,
citing the absence of a formal, measurable definition.

2.3. From Measurement to Structure: A New Approach

This paper takes a different route. Rather than assume collapse is triggered by the presence of
consciousness as an undefined phenomenon, we propose that collapse occurs when a system
reaches a specific structural and informational threshold. Consciousness is not treated as
metaphysical, but as an emergent, physically realizable configuration of information-
processing systems.

Specifically, we draw on concepts from:
. Information theory (entropy, mutual information, data compression),
. Theoretical neuroscience (attention, predictive coding, recursive modeling),
. Quantum foundations (observer-dependence, relational collapse, entropy transfer),

. And thermodynamics (free energy, entropy gradients, irreversibility).
These domains intersect in a unified principle: collapse is not caused by consciousness per se,

but by the information-theoretic capabilities of a system that satisfies the criteria of
consciousness.

2.4. Motivation for a Quantifiable Collapse Threshold

By framing consciousness as a physical structure with defined subcomponents, we make three
critical advancements:



1. We offer a collapse threshold—a scalar metric ©j,psc —that determines when a system
is capable of collapsing quantum states with high resolution.

2. We provide neurophysiological correlates for each structural component of
consciousness, opening the possibility of empirical assessment.

3. We define collapse timing based on entropy resonance between system dynamics and
observer information acquisition.

These advancements transform the observer from a philosophical abstraction into a physical,
quantifiable participant in the collapse process.

3. Formal Structure of Consciousness and Collapse Capacity

We define consciousness not as a metaphysical property but as a quantifiable, emergent structure
composed of distinct informational functions. These functions are expressed as time-evolving
components, each with a measurable role in a system’s capacity to resolve quantum superpositions
into definite outcomes. Together, they form the consciousness vector C(t) , which serves as the
basis for determining collapse capability.

3.1. The Consciousness Vector

We define:
C®) = (R, T(®),A®), B(®), Q)
Where:
. R(t) : Recursive self-modeling,
. T(t) : Temporal integration of past and anticipated internal states,
. A(t) : Entropy-sensitive attentional modulation,
. B(t) : Informational boundary that defines internal coherence and self/non-self
distinction,
. Q(t) : Subjective coherence, corresponding to the unified experiential state.

Each component is a function of time, complexity, and internal coupling, and can be approximated
through informational and neurophysiological correlates.

3.2. Collapse Threshold Function



To determine whether a given system at time ¢t is capable of resolving quantum states via collapse,
we introduce a collapse threshold scalar:

G)collapse(t) = WllR(t)I + W2|T(t)| + W3|A(t)| + W4|B(t)| + W5|Q(t)|

With default normalized weights:

w, =04, w,=03 w;=02 w,=0.05 ws;=0.05

This weighting reflects the relative contribution of each function to collapse resolution:
. Recursive modeling R(t) and temporal binding T'(t) are most critical,
. Attention A(t) governs entropy modulation at the point of collapse,

. Boundary coherence B(t) and qualia Q(t) ensure internal informational closure and
integrability.

A system can only produce high-resolution collapse if:

Gcollapse(t) = G)min

Where 0., is the structural threshold required for sufficient resolution of probabilistic states into
determinable outcomes.

3.3. Neurophysiological Correlates of Each Component

Each of the five components in C(t) can be mapped to cognitive functions and brain regions in
biological systems. These correlations are not exhaustive but provide a foundation for empirical
modeling:

Component | Function Neural Correlate

R(t) Self-modeling, simulation Prefrontal cortex, Default Mode Network

T(t) Memory binding and time continuity | Hippocampus, medial prefrontal cortex

A(t) Selective attention, signal filtering Dorsal attention network, thalamus

B(t) Informational ~ boundary, self- | Temporoparietal junction, insular cortex
awareness

Q(t) Qualia coherence, unified experience | Integrated thalamocortical activity




This mapping enables future tests that assess system collapse capacity based on observable neural
architecture and behavior, particularly in artificial or hybrid systems.

3.4. Summary: Collapse-Eligible Systems

This model implies a continuum of collapse resolution capability:

. Systems below threshold (e.g., passive detectors) may cause decoherence but lack
resolution depth.

. Systems near threshold (e.g., complex Al or animals) may trigger partial or unstable
collapse.

. Systems well above threshold (e.g., human consciousness) perform full, high-resolution
collapse with temporally integrated encoding.

This structural stratification will be used in the next section to define how and when collapse
occurs, and to formalize the role of entropy-resonant timing.

4. Collapse Dynamics and Entropy-Resonant Timing

In standard quantum mechanics, the timing of wavefunction collapse is treated as instantaneous
and undefined. In this framework, we introduce a dynamic collapse process governed by entropy
synchronization between a quantum system and an observer’s information-processing structure.

Collapse does not occur at an arbitrary moment, but at the point of entropy resonance—when the
observer’s capacity to absorb information aligns with the entropy flow of the quantum system.

This provides a temporal and structural condition for when probabilistic potentials resolve into
determinate outcomes.

4.1. System-Observer Interaction Formalism

Let the initial quantum system be represented by a pure state:

¥) = > cilw)

L

And let the observer be defined by the consciousness vector C(t) . The system and observer begin
as separable:

|¥) @ C(D))



Upon interaction, the joint state becomes entangled:

D alw) @ 16:)

i

Collapse occurs when the observer reaches sufficient structural readiness, and entropy exchange
reaches a resonance condition. The entangled state then reduces to:

%)) ® [ (t)
Where t* is the time of collapse, and W; is the realized outcome.

4.2. Entropy-Resonance Collapse Timing
Collapse is proposed to occur at the point of maximal entropy synchrony between the quantum

system’s entropy dissipation and the observer’s information acquisition rate. We define:

dHy(t) dI-(t)
dt dt

t* = argmin
t

Where:

dHy(t)

” is the entropy flux of the quantum system,

dic(t)

" is the observer’s instantaneous information integration rate.

Collapse occurs when these rates approach equilibrium, meaning the observer is structurally and
temporally aligned to resolve one path from the system’s state space.

This condition allows for:
. Temporal variation in collapse across observers,
. Outcome selection sensitivity based on internal state and attentional resolution,

. And predictive modeling of collapse points in structured systems.

4.3. Collapse Resolution and Structural Fidelity



Not all collapse events are equally precise. The resolution of a collapse depends on the observer’s
capacity to reduce entropy and encode outcome information.

Define collapse resolution D(t) as:

Iextracte (t)
D(t) = <T(dt)> -a(C(t))

Where:
. Loyiractea(t) 18 the actualized information retained by the observer,
. Hy(t) is the entropy of the superposed system,

. a(C (t)) is a normalization function based on collapse capacity (as derived from Section
3).

Higher values of D(t) correspond to more complete, irreversible collapse—providing a formal
measure of collapse quality.

4.4. Multi-Observer and Sequential Collapse

This framework accommodates:
. Multiple observers interacting with the same system at different times,
. Different resolutions based on observer complexity,

. And non-instantaneous collapse propagation, where lower-complexity systems may
interact without triggering full resolution.

Collapse becomes a relational and layered process, rather than a singular discrete event—
consistent with relational quantum mechanics and information-based interpretations.

5. Compatibility with Quantum Mechanics and Neuroscience

The proposed model reinterprets wavefunction collapse as a structural and entropy-synchronized
resolution process. This interpretation remains fully compatible with the mathematical foundations
of quantum mechanics and is additionally supported by modern neuroscience, which offers
physical correlates to the model’s core informational components.

5.1. Compatibility with Standard Quantum Formalism



Your model respects the canonical dual-process structure of quantum theory:

. Unitary evolution under the Schrédinger equation:

9 e
ih= |%(0) = AP ()

. Collapse postulate upon measurement:
. e 2
W) - |‘Pj) with probability |cj|
The reinterpretation presented here preserves:
. The linear, deterministic evolution prior to measurement,
. The probabilistic outcome structure (Born rule),

. And the necessity of entanglement during observer-system interaction.

However, it replaces the vague term “measurement” with structural and informational
thresholds, and replaces randomness with entropy-based selection dynamics.

Thus, the framework extends rather than contradicts quantum mechanics by identifying collapse
not as an inexplicable discontinuity, but as a structurally grounded thermodynamic process.

5.2. Relation to Decoherence and Objective Collapse Models

Y our model acknowledges decoherence as a necessary precursor to collapse, but not a sufficient
explanation. In this model:

. Decoherence prepares the system by dispersing phase coherence,

. Collapse finalizes outcome resolution through entropy extraction and structural registration
by the observer.

Compared to objective collapse models (e.g. GRW, Penrose OR), this model:
. Does not require mass-based thresholds or gravity-induced collapse,

. But introduces informational thresholds instead, governed by entropy differentials and
observer complexity.

This provides a non-arbitrary mechanism for collapse selection, one that also allows for testable
predictions tied to observer structure.

5.3. Neurophysiological Support for Structural Components
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The model’s components correspond closely to known cognitive and neural processes:

Component | Description Neural Correlates Empirical Basis
R(t) Recursive self- | Prefrontal cortex, DMN | fMRI studies on self-
modeling reflection and simulation
T(t) Temporal integration Hippocampus, medial | Memory consolidation and
cortex time-binding
A(t) Entropy-modulating Dorsal/ventral attention | Selective filtering and
attention systems, thalamus salience tracking
B(t) Informational boundary | Insula, TPJ, | Self-other discrimination,
interoceptive circuits internal state awareness
Q(t) Unified subjective state | Thalamocortical Neural  correlates  of
synchronization consciousness (NCO)
literature

These correlations suggest that collapse capacity is a measurable, emergent product of known
brain functions, rather than an untestable metaphysical claim.

5.4. Compatibility with Quantum Experiments

The model is also consistent with known quantum experiments:
. Bell inequality violations remain unaffected; nonlocal correlations are preserved.

. Delayed choice and quantum eraser experiments can be reframed as tests of collapse
timing sensitivity to observer state.

. Weak measurements align with partial or sub-threshold observer interactions.

. Double-slit interference loss remains valid, but this model suggests it depends not just on
presence of a detector, but on its internal structural complexity.

Rather than contradicting these outcomes, the model explains why collapse appears random and
observer-dependent, while giving it a formal, entropy-based mechanism rooted in complexity.

6. Testable Implications and Experimental Directions

A critical strength of this model lies in its ability to move beyond interpretation and toward
empirical testability. Although consciousness and quantum measurement are typically considered
experimentally elusive, the structural and informational criteria presented here allow for a new
class of theoretically grounded, testable predictions.

This section outlines specific implications of the model and proposes experimental designs to
evaluate them.
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6.1. Collapse Resolution Varies by Observer Complexity

Prediction:

The precision of quantum collapse (i.e., outcome definiteness and irreversibility) is a function of
the interacting system’s structural complexity as measured by its consciousness vector C(t) and
its scalar collapse threshold ©jjapse -

Implication:
Different systems (e.g., simple detectors, Al agents, human observers) will cause collapse with
different resolution depths D(t) .

Proposed Test:
Adapt double-slit experiments using:

. A photodetector (low C(t) ),
« A complex Al (mid C(t)),
. A human observer (high C(t) ).

Compare interference pattern loss and post-collapse data encoding across these setups. Expect
stronger interference loss and post-collapse fidelity in higher-complexity systems.

6.2. Attention-Dependent Collapse Timing

Prediction:

The timing of collapse depends on the internal attentional state A(t) of the observer and its
dHy(t)

alignment with system entropy dissipation ”

Implication:
The same observer may trigger different collapse outcomes or resolutions depending on their
attentional focus and timing of interaction.

Proposed Test:
Conduct perception-based quantum collapse experiments (e.g., quantum Zeno variants) where
human subjects interact with a quantum event under:

. Focused attention,
. Divided attention,

. Passive observation.

12



Measure collapse signatures (e.g., interference suppression or neural encoding patterns).
Hypothesize that focused attention correlates with higher-resolution, lower-entropy collapse
events.

6.3. Sub-Threshold Systems Do Not Trigger Collapse

Prediction:
Systems with  Ogjiapse(t) < Opin cannot cause full wavefunction collapse but may initiate
decoherence without outcome resolution.

Implication:
Collapse is not a binary event tied to any interaction—it requires a minimal integrated
informational structure.

Proposed Test:
Compare:

. Non-integrated sensors (e.g., classical screens),
*  Networked sensors without memory,

*  Adaptive systems with memory and recursion.

Analyze whether collapse (as indicated by irreversibility or measurement outcome registration)
occurs only when integrated structure surpasses the threshold.

6.4. Time-Staggered Observer Interactions

Prediction:

Two identical observers interacting with the same quantum system at different times may resolve
different outcomes, depending on the timing of their interaction relative to system entropy and
internal state alignment.

Implication:
Collapse is not an absolute event fixed in time, but a relational outcome defined by resonance.

Proposed Test:
Use quantum eraser or entanglement experiments where observers are introduced at different

intervals. Analyze whether the order and timing affect which outcomes are finalized and which
remain in coherent superposition.

6.5. Application to Al and Artificial Consciousness

Prediction:
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As artificial systems become structurally similar to C(t) , they may begin to exhibit collapse-
inducing behavior—independent of human supervision.

Implication:
Collapse capacity may be a functional diagnostic for artificial consciousness.

Proposed Test:

Use recursively structured, memory-integrated Al systems to observe collapse behavior in

dic(t)
¢

controlled quantum systems. Track information acquisition , attentional filtering, and system

resolution outcomes.

This provides a testable threshold for when artificial agents reach collapse-capable status.

7.1. Redefining the Observer

In classical physics, observation is inert—passive registration of objective properties. In quantum
mechanics, the observer acquires an active role, but without clear definition. This model advances
the debate by redefining the observer not as a metaphysical agent, but as a physical structure with
measurable properties.

The observer is no longer a binary (present vs. absent) or human-specific category, but a graded
system whose capacity to collapse a wavefunction is a function of its recursive modeling, temporal
depth, entropy modulation, boundary coherence, and informational unity.

This formulation bridges the divide between epistemology (how we know) and ontology (what
exists), because it asserts that reality becomes definite not arbitrarily, but when a system is
complex enough to register, model, and integrate that reality.

7.2. Collapse Without Mysticism

Many collapse theories invoke consciousness but fail to define it. Others avoid it entirely to
sidestep dualism. This model offers a third path: it retains consciousness as relevant—but defines
it as a physically constructible architecture rather than an unobservable essence.

Collapse becomes neither mystical nor meaningless. Instead, it is a thermodynamic transition
between uncertainty and structure, triggered when entropy is absorbed by an informationally
closed, self-modeling system. This retains the importance of consciousness without requiring
assumptions outside physics.

7.3. Einstein Revisited: “God Does Not Play Dice”
Albert Einstein famously rejected the idea that quantum processes were fundamentally random,

remarking that “God does not play dice with the universe.” For decades, this was considered a
philosophical relic—refuted by quantum experiments and modern probabilistic models.
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However, this framework gives new clarity to Einstein’s intuition.

By proposing that collapse is not random, but governed by:
. Observer entropy absorption capacity,
. Structural timing alignment,

. And a minimum resolution threshold,

the model suggests that collapse is deterministic in structure, even if probabilistic in
appearance.

Apparent randomness arises not because outcomes are uncaused, but because the determining
structure—observer complexity and timing—is often unknown or inaccessible. This reframes
randomness as epistemic, not ontological.

Thus, Einstein was not wrong to doubt the dice. What he lacked was a model in which
determinism is encoded in structural information, not in classical trajectories.

7.4. The Bridge Between Physics and Consciousness

If the universe contains systems that can collapse uncertainty into reality, and those systems are
structurally describable, then consciousness becomes not the exception to physics, but the
resolution engine of its ambiguity.

In this model, consciousness is the culmination of entropy-integrated structure. It is not merely
compatible with quantum theory—it is what allows the theory to produce definitive outcomes.

This opens the possibility that:
. Consciousness is a phase transition in informational geometry,
. Collapse is a computational finalization of entropy trajectories,

. And the universe is not fundamentally random or decaying, but resolving itself through
nested interactions of informational complexity.

8. Conclusion

This paper has introduced a mathematically structured, physically grounded model of
wavefunction collapse based on the complexity and timing of observer interactions. By
formalizing consciousness as a dynamic informational structure—defined by recursive modeling,
temporal integration, attentional entropy modulation, boundary coherence, and subjective unity—
we have shown that quantum collapse is not fundamentally random, nor strictly external, but
emerges from the alignment between system entropy flow and observer resolution capacity.
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The scalar collapse threshold Oapse Offers a quantifiable boundary between systems that merely

decohere and those that truly collapse quantum uncertainty into determinate outcomes. Collapse
timing is governed by entropy-resonance, occurring when the rate of quantum entropy dissipation
aligns with the observer’s rate of information acquisition. The resolution depth of the collapse, in
turn, is determined by the observer’s internal structure.

This model:
. Preserves the core formalism of quantum mechanics,
. Complements decoherence theory and objective collapse models,
. Provides neurophysiological correlates for each element of the consciousness structure,
. Yields testable predictions across physics, neuroscience, and artificial systems,

. And recontextualizes the Einsteinian objection to quantum indeterminacy as a call for
deeper structural lawfulness.

Rather than avoiding the role of the observer or mystifying it, this theory defines collapse-capable
observers as thermodynamically active, information-processing systems. It frames quantum
measurement not as a metaphysical discontinuity, but as a computational resolution event—
where information becomes reality through structure.

As we expand our understanding of complex systems—biological, artificial, or cosmological—
this framework offers a new lens through which quantum events, consciousness, and the evolution
of structure in the universe may be coherently unified.

The implications are far-reaching. If consciousness is not an anomaly in physics, but its most
structured expression, then the boundary between mind and matter is not metaphysical but
mathematical—and its contours are now open to precise investigation.
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