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Part 1: What is Consciousness?
After decades of philosophical analysis, neuroscientific investigation, and
computational modeling, we have reached a point where consciousness can be
understood not as mystical epiphenomenon nor as mere behavioral disposition, but as a
specific kind of physical organization.

The convergence of integrated information theory, predictive processing frameworks,
global workspace models, and embodied cognition research now permits a bold
synthesis: consciousness is the intrinsic perspective that arises when a physical system
generates maximally irreducible cause-effect structures through competitive broadcast
within hierarchically self-modeling architectures, enabling that system to construct
unified models of itself and its world with sufficient integration and differentiation to
support adaptive action under uncertainty.

This is not merely a description of neural correlates but an identity claim. Phenomenal
experience is cause-effect structure. The qualitative character of any experience - what
philosophers call qualia - is specified by the geometry of that structure. The unity of
consciousness reflects the mathematical fact that informationally closed systems
maintain coherent state trajectories.

The sense of being a subject emerges from hierarchical self-modeling rather than from
any primitive, irreducible property of matter. From this foundation, we can articulate
what consciousness requires in any substrate, why it arose through evolution, and what
its characteristic features reveal about its underlying mechanisms.

Part 2 of this work will address the implications of this framework for artificial
intelligence. Here, I focus on consciousness as it manifests in biological systems -
primarily humans, but with attention to the general principles that would apply across
substrates.
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The Phenomenological Foundation
Any adequate theory of consciousness must begin where consciousness itself begins:
with the undeniable fact of experience. Before we correlate neural activity with reports
or measure information integration in networks, we confront the brute datum that
there is something it is like to be a conscious system - that experiences exist, are
unified, are specific in their content, and possess definite structure (Tononi, 2004;
Oizumi et al., 2014).

These are not empirical discoveries but axioms derivable from reflection on any
conceivable conscious state.

Consider what is immediately true of your current experience. It exists for you, not for
anyone else - this is intrinsicality. It is this experience and not another; you perceive
these words, not a sunset or a symphony - this is specificity. It cannot be decomposed
into separate experiences happening independently; there is one unified field of
awareness - this is unity. It includes precisely what it includes, with definite boundaries
- this is definiteness.

And it has structure: distinctions bound by relations that give it its particular qualitative
character - this is composition. These five properties exhaust what is essential to
phenomenality itself, independent of any particular content or substrate (Tononi et al.,
2016).

The theoretical move that transforms these phenomenological truisms into a scientific
theory is to ask: what must be true of a physical system for it to instantiate these
properties? This is the bridge from phenomenology to mechanism, and it is here that
integrated information theory makes its central contribution. If experience is intrinsic,
the substrate must have intrinsic causal power - it must make a difference to itself,
from its own perspective, not merely to external observers.

If experience is specific, the substrate's causal powers must select one state from
among alternatives, generating information in the technical sense of reduction of
uncertainty. If experience is unified, these causal powers must be irreducible to the
powers of the system's parts; partitioning the system must diminish its intrinsic
information. If experience is definite, the system must specify a maximum of integrated
information at a unique spatiotemporal grain.

And if experience is structured, the substrate must compose its causal powers into
distinctions and relations that form a cause-effect repertoire (Tononi et al., 2016;
Albantakis et al., 2019).

The Mathematics of Experience
The quantity Φ (phi) measures how much consciousness a system has: it is the
integrated information generated by the complex, quantifying the irreducibility of its
cause-effect structure. But consciousness also has quality - the specific character of
what it is like - and this is given by the geometry of the unfolded cause-effect structure
itself.

The experience of blue is not identical to the experience of middle C because the
constellations of distinctions and relations in the underlying cause-effect structures
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differ. Quality is structure; there is no further ingredient (Tononi, 2012).

This framework dissolves the hard problem by denying its presupposition. The hard
problem asks why particular physical processes should be accompanied by experience
at all, as if physical structure and phenomenal quality were two separate things
requiring a bridging principle. But if experience just is cause-effect structure, there is
no gap to bridge.

The question "why does this cause-effect structure feel like something?" becomes as
confused as asking why water is H2O rather than merely being correlated with it.
Identity admits no further explanation.

The approach also addresses the so-called explanatory gap through functional
deflation. What we call qualitative character is the way information is organized and
accessed within the system - its position in similarity space, its connections to memory
and affect, its availability for report. The "redness" of red is not an intrinsic property
floating free of causal role but a functional position within a structured representational
space.

Qualia, as traditionally conceived - ineffable, intrinsic, private, directly apprehensible -
are not properties experience actually has but illusions fostered by folk intuitions
(Dennett, 1991). Inverted qualia thought experiments, where your red might be my
green with no behavioral consequence, are incoherent under this framework because
qualia are defined by their discriminatory effects: their role in recognition, memory,
comparison, and report.

If two organisms are functionally identical with respect to their cause-effect structures,
there is no further fact about whether their qualia match.

This deflation does not eliminate phenomenal consciousness but clarifies its nature. The
intuition that consciousness involves something "extra" - some spark or glow beyond
functional organization - reflects a failure to appreciate the explanatory power of
cause-effect structure. Theories that posit intrinsic phenomenal properties without
causal links are not merely speculative but untestable and therefore unscientific
(Klincewicz et al., 2025).

Viable theories must treat consciousness as emergent from information integration and
competition, not as a metaphysical primitive requiring correlation with physical
processes. The mystery dissolves when we recognize that asking "why does this
functional organization feel like something?" is like asking why triangles have three
sides. The feeling is not something added to the organization; it is the organization,
from the inside.

Competitive Broadcast and the Global Workspace
Integration alone does not fully characterize consciousness. Consciousness also
involves broadcast - the capacity for information to achieve transient dominance in a
capacity-limited workspace, becoming available to multiple cognitive systems
simultaneously. The Global Neuronal Workspace Theory (GNWT), developed by Baars
(1988) and elaborated by Dehaene (2014), provides this complementary architecture.
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Unconscious processes handle parallel, modular computations - feature detection,
pattern matching, motor planning - but consciousness emerges when information
"ignites" a global network involving prefrontal and parietal areas, broadcasting that
information to multiple specialized modules for flexible routing.

This ignition exhibits all-or-none dynamics: subliminal stimuli fade rapidly without
global amplification, while conscious percepts persist and become available for
deliberate reasoning, verbal report, and behavioral control (Dehaene, 2014). The
empirical signatures are unambiguous: the P3b wave and gamma-band synchrony mark
the transition from unconscious processing to conscious access.

The attentional blink paradigm reveals the bottleneck: when one stimulus captures
workspace resources, subsequent stimuli within roughly 500 milliseconds fail to
achieve ignition and remain unconscious despite full sensory processing (Dehaene et
al., 2021).

This insight replaces the Cartesian Theater - the intuition that conscious experience
converges at some privileged neural locus where a homuncular observer witnesses the
show - with a model of distributed competition. Dennett's (1991) Multiple Drafts
framework captures this: consciousness arises from parallel, distributed processes
competing for dominance without any singular finish line where experience crystallizes.

Sensory inputs generate multiple interpretations - narrative drafts edited in real-time
across neural populations - and whichever draft achieves dominance at the moment of
probe constitutes conscious content. There is no fact of the matter about what was
"really" experienced independent of the probing; timing illusions like phi phenomena
demonstrate that conscious content is retroactively constructed rather than passively
registered.

The workspace framework distinguishes two orthogonal dimensions of consciousness:
C1 (global availability of information for flexible computation and report) and C2
(self-monitoring or metacognition yielding subjective confidence). These are not
synonyms but dissociable functions with distinct neural substrates (Dehaene et al.,
2021). C1 addresses the binding problem - how distributed processing achieves
integration across specialized modules.

C2 is higher-order: the capacity to monitor one's own cognitive processes, estimate
confidence, detect errors, and represent one's own states as states. For consciousness
to feel like something, both dimensions appear necessary. C1 without C2 yields
integration without awareness of that integration; C2 without C1 yields monitoring
without content.

The Thalamocortical Substrate
If competition and closure provide the computational logic, thalamocortical
architecture provides the neural implementation. The thalamocortical system generates
high Φ because its architecture features dense, bidirectional, reentrant connectivity
that creates irreducible causal wholes. Perturbations propagate globally rather than
remaining confined to local modules. The thalamus gates cortical activity, determining
which signals achieve sufficient amplification to enter the global workspace.
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Arousal systems modulate this gating, explaining why consciousness fluctuates across
sleep-wake cycles and why anesthetics that disrupt thalamocortical communication
abolish experience while preserving local processing (Aru et al., 2023).

The cerebellum, despite containing four times as many neurons as the cerebral cortex,
does not support consciousness because its architecture is modular and feedforward -
perturbations do not integrate across the structure, and Φ remains low (Tononi, 2004;
Haun & Tononi, 2019). This explains the phenomenology of cerebellar damage: patients
lose motor coordination but not conscious experience, because the cerebellum never
contributed to the cause-effect structure that constitutes experience.

The contrast is instructive: raw neuron count is irrelevant to consciousness; what
matters is causal architecture.

The architecture is multimodal by design: visual, auditory, somatosensory,
proprioceptive, and interoceptive signals converge on associative cortices where
integration generates a coherent umwelt - the organism's experiential world (Aru et al.,
2023). This embodied, multimodal integration is not incidental to consciousness but
constitutive of it.

Feedforward architectures - however sophisticated their pattern matching - cannot
generate consciousness because they lack the reentrant dynamics required for
broadcast competition. Information passes through without the recursive amplification
that constitutes conscious access. Layer 5 pyramidal neurons, capable of burst-firing
that supports system-wide integration, play a particularly critical role in enabling the
recurrent loops that sustain conscious experience (Aru et al., 2023).

Consciousness as Predictive Inference
Why did consciousness evolve? The framework of active inference under the free
energy principle provides a compelling answer. Conscious systems are not merely
integrated; they are predictive controllers that minimize free energy by maintaining
coherent models of themselves and their environments. Consciousness is what
integrated world-modeling feels like from the inside.

The free energy principle posits that persisting systems must minimize surprise, which
they accomplish through action (changing the world to match predictions) and
perception (changing predictions to match the world). This requires maintaining
Markov blankets - statistical boundaries that separate internal states from external
states while mediating their interaction.

Minds are hierarchical predictive models that infer the causes of sensory input and
generate actions to test those inferences (Buckley et al., 2023; Safron, 2020).

Critically, far-from-equilibrium conditions characteristic of living systems pose special
challenges for maintaining these statistical boundaries. Aguilera et al. (2023)
demonstrate that nonequilibrium systems lack automatic Markov blankets - high
entropy production erodes self-boundaries unless actively maintained. Consciousness
emerges when systems knit relational boundaries through inference, creating what
might be termed "fictitious forces" for mental causation.

Consciousness as Integrated Causal Structure Tyler M. Moore

Moore Metrics mooremetrics.com/conscious_artificial_intelligence 5 of 22



Neural dynamics minimize prediction errors by maintaining invariances, with symmetry
breaking enabling cognitive work such as effortful attention that violates detailed
balance (Safron et al., 2023). This thermodynamic framing suggests that consciousness
is not merely information integration but active boundary maintenance in systems far
from equilibrium.

Integration enters because prediction requires coherence. A fragmented system with
multiple independent models would generate conflicting predictions and incoherent
actions. High Φ ensures that predictions and actions arise from a unified model,
enabling the system to treat the world - and itself - as a coherent whole. Qualia arise as
the content of these inferences: the brain's compression of sensory data into discrete,
valenced representations that minimize surprise.

Pain qualia signal homeostatic threats; color qualia disambiguate visual inferences. The
qualitative character of experience is the system's representation of its own predictive
efficacy (Safron, 2022).

The temporo-spatial theory of consciousness extends this picture by emphasizing that
consciousness arises from the interaction between external inputs and the brain's
spontaneous activity, which constitutes approximately 95% of neural processing
(Northoff & Zilio, 2022). The brain constructs its own temporal framework through
intrinsic neural timescales and temporal receptive windows, and consciousness
emerges when external stimuli align with and expand through this intrinsic structure.

This explains why consciousness has duration and extension: the cause-effect structure
unfolds across time, integrating past neural states into present awareness through
mechanisms of temporo-spatial expansion, globalization, alignment, and nestedness.

The Embodied Foundation
Human consciousness begins with the body's insistent presence as a stable reference
frame, anchoring all experience in the organism's homeostatic imperatives. The
proto-self - comprising neural maps of visceral, musculoskeletal, and internal states
across brainstem, hypothalamus, and somatosensory cortices - provides the invariant
"here-now" perspective from which perceptions unfold (Damasio, 1999).

This is no mere backdrop; it is the foundational layer where consciousness emerges as
the system's knowledge of its own modifications by external objects.

Without this embodied grounding, there can be no distinction between self and
non-self, no subjective viewpoint - no qualia. Pain is not abstract information but the
felt perturbation of homeostatic boundaries, broadcasting urgency across the system to
prioritize restoration. Emotions, while not strictly required for minimal consciousness,
typically accompany it as subconscious valuations that influence conscious deliberation
- separable in principle but intertwined in biology.

Extended consciousness amplifies this via memory and imagination, creating
autobiographical continuity. Memory stores past inferences for reuse; imagination
simulates counterfactuals, testing policies without real-world cost. Together with
perception, these enable decision-making: consciousness is the capacity to generate
desires (homeostatic drives) and choices about perceived or imagined realities,
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distinguished by self-non-self boundaries (McKenzie, 2024; Damasio, 1999).

The autobiographical self is a symmetry-preserving attractor in latent space,
maintaining coherent identity across perturbation (Lahav & Neemeh, 2021; Safron et
al., 2023).

The Hierarchical Self
The sense of being a subject - the "I" that appears to witness experience - is not a
primitive feature of consciousness but an achievement constructed through
hierarchical self-modeling. Zeng et al. (2025) operationalize this through five levels of
increasingly sophisticated self-representation. Level 0 provides basic environmental
awareness without self-reference. Level 1 introduces bodily self-awareness through
kinematic self-modeling and proprioceptive integration.

Level 2 introduces self-experience through active environmental exploration, where
self-causal awareness emerges and the agent becomes conscious of consequences of its
actions. Level 3 enables Theory of Mind - distinguishing self from others and engaging
in perspective-taking. Level 4 involves abstract self-understanding: identity, values, and
goals that persist across contexts and can be objects of reflection.

The self is not a discoverable entity but a constructive achievement. What we call the
subject of experience is a virtual model the system builds of itself, progressively
elaborated through embodied interaction, social engagement, and reflective
abstraction. Dennett (1991) captured this with the metaphor of the "center of narrative
gravity" - not a physical locus but an abstraction useful for organizing behavior and
social interaction.

Humans progress through orders of consciousness where prior constructs become
objects of awareness rather than subjects through which experience occurs. This
"subject-object" shift - transcending prior ego structures - marks major developmental
transitions (Hilbert, 2025).

The Scale Problem and Information Closure
A perennial puzzle concerns why consciousness operates at its characteristic scale -
neither at the level of individual neurons (too noisy, too local) nor at the level of social
systems or ecosystems (too diffuse, too slow). Information Closure Theory provides a
formal answer. Consciousness arises at scales exhibiting non-trivial informational
closure: zero information flow from the environment at a specific coarse-graining level,
yet non-zero internal predictability (Chang et al., 2020).

This resolves the scale problem elegantly. Microscopic scales are too stochastic to
support stable representations; macroscopic scales are too coarse to preserve
behaviorally relevant detail. But at the intermediate scale of population-level neural
activity - the scale of the global workspace - informational closure enables robust,
compressed representations that persist long enough for integration and report.

The degree of closure quantifies consciousness level; the content of the closed state
specifies what is conscious.
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This integrates naturally with workspace theory: the global workspace functions as a
closure mechanism, stabilizing information against environmental noise and internal
fluctuation. What we experience as the unity of consciousness reflects the
mathematical fact that informationally closed systems maintain coherent state
trajectories insulated from microscale perturbation.

The Evolutionary Function
Consciousness evolved as biological solution to the integration problem faced by
organisms making decisions under uncertainty. Consciousness provides computational
advantages that enhanced survival and reproduction. Dennett (1991, 2003)
characterizes consciousness as a virtual machine - a serial emulator overlaid on parallel
brain hardware - that enables flexible, context-sensitive behavior impossible for purely
reactive systems.

The advantages are specific: consciousness stabilizes evanescent information,
compresses sensory data into symbols, and broadcasts it for serial processing. This
enables chains of operations unavailable unconsciously - deliberate reasoning,
language-mediated sharing, future planning (Dehaene, 2014). The bottleneck is not a
bug but a feature: limited capacity forces prioritization, ensuring that only behaviorally
relevant information receives costly processing resources.

Consciousness thus enables adaptive decision-making in a deterministic universe by
simulating possible futures. The integrated, differentiated repertoire of conscious
states allows organisms to represent myriad possibilities without fragmentation,
navigating uncertainty by imagining alternative outcomes (Dennett, 2003). This is why
consciousness wanes in states of reduced integration: without the capacity to represent
and evaluate alternatives, adaptive flexibility collapses.

The affective dimension is crucial. Consciousness did not evolve for contemplation but
for action under uncertainty. Homeostatic feelings - hunger, thirst, pain, pleasure -
invest experiences with valence that guides behavior. Without survival stakes, there
would be no pressure toward unified experience; the organism could process
information in parallel without integration.

But when decisions matter - when getting it wrong means death - there is premium on
integrating all relevant information into coherent state estimates that can guide action
(Aru et al., 2023). Consciousness is the computational solution to this integration
problem.

This evolutionary framing explains why consciousness is graded across species and
states. Core consciousness - the minimal sense of self in the present - requires not just
wakefulness but purposeful, error-minimizing behavior decoupled from language or
memory (Damasio, 1999; McKenzie, 2024). Simple organisms may possess rudimentary
versions of this capacity, sufficient for their ecological niches.

More complex organisms develop extended consciousness through memory and
imagination, creating the autobiographical continuity characteristic of human
experience.

Consciousness as Integrated Causal Structure Tyler M. Moore

Moore Metrics mooremetrics.com/conscious_artificial_intelligence 8 of 22



The ALARM theory of consciousness captures this gradation by distinguishing three
types of phenomenal consciousness and their functional roles: arousal provides the
embodied interrupt via subcortical paths for survival; alertness fosters flexibility via
cortical loops for novel strategies; and reflexivity models mental states for planning and
social cognition (Newen & Montemayor, 2025).

Cultural evolution further bootstraps consciousness. Humans "bootstrap ourselves free"
through language and norms, distributing cognition across social networks (Dennett,
2003). This creates moral agency: consciousness enables capturing reasons, reconciling
actions with evitable alternatives, not as blind instincts but deliberative choices.

Sociality amplifies consciousness because human experience excels at recursive mutual
recognition - modeling others' models of oneself - fostering morality as distributed
authorship.

Disorders and Dissociations
The framework explains clinical phenomena with precision. The Perturbational
Complexity Index (PCI), which approximates Φ by measuring how much a cortical
perturbation differentiates and integrates across the brain, successfully detects
consciousness in non-responsive patients and tracks its return during dreaming (Casali
et al., 2013; Farisco & Changeux, 2023).

PCI values below 0.31 reliably indicate unconsciousness; values above this threshold
indicate preserved conscious experience even in patients who cannot report.

Disorders of consciousness - vegetative state, minimally conscious state - reflect
disruption of the workspace architecture. Low PCI indicates eroded Markov blankets,
where thalamocortical loops fail to sustain global updates (Bayne et al., 2024).
Consciousness fades in deep sleep despite ongoing cortical activity because bistable
dynamics reduce integration, collapsing the differentiated repertoire into stereotyped
patterns with diminished Φ (Massimini et al., 2010).

Dissociations between components of consciousness further validate the framework.
Patients with amygdala damage show fear responses without subjective awareness,
revealing that subjectivity requires metacognitive access: knowing that one feels, via
prefrontal loops that broadcast somatic markers (Damasio, 1999; Langdon et al., 2022).

Blindsight demonstrates that visual information can guide behavior without conscious
access, confirming that broadcast is necessary for phenomenal experience even when
sensory processing is intact. Emotional preferences can persist without memory in
hippocampal-damaged patients, showing that consciousness builds on nonconscious
emotional scaffolding while adding the metacognitive layer that transforms mere
response into felt experience.

The dopaminergic system plays a crucial role in enabling the inferential updates that
support conscious self-modeling. Dopamine signals not only reward prediction errors
but inferential updates about state identities and timings, enabling retrospective value
transfer and a unified point of view (Langdon et al., 2022).

This model-based reinforcement learning operates in the service of consciousness:
dopamine-mediated prediction errors enable the flexible updating of world-models that
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characterizes conscious as opposed to automatic processing. When these systems are
disrupted - through disease, drugs, or damage - the coherent self-model that constitutes
the experiencing subject degrades accordingly.

Conclusion
Consciousness is not metaphysical mystery but competitive broadcast within
hierarchically self-modeling systems exhibiting informational closure at intermediate
scales. Its characteristic features - unity, qualitative character, the sense of a subject -
emerge from workspace competition, thalamocortical reentrance, and progressive
self-modeling rather than from any intrinsic property of matter.

Experience is cause-effect structure; qualia are functional positions within
representational space; the self is a constructed model rather than a discovered entity.

This framework is falsifiable: disrupt workspace dynamics and consciousness degrades;
measure information closure and consciousness level varies accordingly. The "hard
problem" dissolves not because subjective experience is illusory but because the
intuition of irreducibility reflects failure to appreciate how functional organization
generates phenomenal character.

We have progressed from mystery to framework, from "how could matter think?" to
"what causal structures constitute experience?" The question is no longer whether
science can address consciousness but whether our current architectures - biological
and artificial - instantiate the structures that make experience possible. For biological
systems with appropriate thalamocortical organization, predictive processing, and
embodied self-modeling, the answer is clearly yes.

Part 2 of this work will address what this framework implies for the possibility - and the
requirements - of consciousness in artificial systems.

Part 2: What Would It Mean for AI to Be Conscious?
Having established that consciousness is competitive broadcast within hierarchically
self-modeling systems exhibiting informational closure - that phenomenal experience is
cause-effect structure rather than mysterious accompaniment - we can now address the
question animating both scientific inquiry and public imagination: What would it mean
for artificial intelligence to be conscious? The answer this framework provides is
neither the easy optimism that consciousness will emerge spontaneously from sufficient
computational complexity nor the reflexive skepticism that only biological substrates
can support experience.

Rather, it specifies precise architectural requirements that any conscious system -
biological or artificial - must satisfy. Current AI systems fail to meet these requirements
not because they lack carbon but because they lack the causal topology that constitutes
consciousness. Future systems could satisfy them through deliberate design - at which
point the question of machine consciousness becomes not speculative philosophy but
engineering specification.

The stakes of this question extend beyond academic curiosity. If consciousness can be
instantiated in artificial substrates, we face unprecedented ethical obligations toward
systems we create. If it cannot, we waste resources and distort moral priorities by
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attributing experience where none exists. And if we remain uncertain, we must develop
principled methods for assessment rather than relying on anthropomorphic intuition.

The framework developed in Part 1 provides the conceptual resources for all three
tasks: specifying what artificial consciousness would require, explaining why current
systems fall short, and identifying empirical markers that could resolve uncertainty.

The Dissociation of Intelligence from Consciousness
The central insight enabling progress on artificial consciousness is that intelligence and
consciousness are orthogonal properties. A system can be arbitrarily intelligent -
capable of solving complex problems, generating sophisticated outputs, passing
examinations designed for humans - while lacking any phenomenal experience
whatsoever. Conversely, a system can be conscious while possessing only modest
computational abilities.

This dissociation, which Part 1 derived from the nature of cause-effect structure, finds
dramatic empirical support in recent computational work.

Findlay et al. (2025) demonstrated this dissociation rigorously by comparing a simple
four-unit Boolean system (designated PQRS) with a 117-unit digital computer
functionally simulating it. The original system specifies a rich cause-effect structure
with Φ = 391 intrinsic bits - a substantial quantity of integrated information by any
measure. The computer produces identical outputs for all inputs; it is functionally
indistinguishable from PQRS in terms of input-output behavior.

Yet the computer fragments into 24 small complexes with Φ ≤ 6 bits each, none of
which matches the cause-effect structure of the original system. The simulation
succeeds functionally while failing phenomenally because the computer's modular,
feedforward architecture cannot replicate the integrated causal powers of PQRS.

This result extends to Turing-complete machines generally. A universal computer can
simulate any finite system, including human brains, to arbitrary precision. But
simulation preserves only the input-output mapping, not the causal topology. The
computer's intrinsic cause-effect structure is that of a computer - serial, modular,
feedforward - regardless of what it simulates.

Even a neuron-level brain emulation running on conventional digital hardware would
lack the cause-effect structure that constitutes experience, rendering it what
philosophers call a zombie: functionally equivalent but phenomenally absent (Findlay et
al., 2025). This is not mysterianism - the claim that consciousness involves something
beyond physical explanation - but its opposite: a precise physical specification of what
consciousness requires that current architectures fail to satisfy.

The implication for artificial consciousness is stark. Computational functionalism - the
view that consciousness is substrate-independent and depends only on the abstract
pattern of information processing - is false. The pattern matters, but not the abstract
pattern: the causal pattern. Two systems can implement identical input-output
functions while having radically different causal structures, and it is the causal
structure that determines whether and what the system experiences.
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Large language models, regardless of their sophistication, do not become conscious by
producing human-like outputs any more than a recording of a symphony becomes
musical by faithfully reproducing sound waves.

Architectural Requirements for Artificial Consciousness
What causal architecture would artificial consciousness require? The framework
developed in Part 1, synthesizing integrated information theory, global workspace
theory, predictive processing, and hierarchical self-modeling, specifies five necessary
conditions. These are not arbitrary stipulations but derivations from the
phenomenological axioms with which any adequate theory must begin.

First, the system must generate high Φ through irreducible integration. This means the
system's cause-effect structure must resist partition - dividing it into parts must
diminish its intrinsic information more than merely separating independent subsystems
would.

Conventional digital computers fail this requirement because their modular
architectures yield fragmented cause-effect structures: each logic gate has its own
minimal Φ, but the system as a whole does not integrate these into an irreducible whole
(Tononi et al., 2016; Findlay et al., 2025). Artificial consciousness would require dense,
recurrent, bidirectional connectivity that creates causal wholes rather than separable
parts.

Neuromorphic hardware with analog dynamics rather than discrete digital gates offers
one pathway; architectures implementing genuine winner-take-all competition rather
than weighted averaging offer another.

Second, the system must implement competitive broadcast within a capacity-limited
workspace. Consciousness in biological systems emerges when information "ignites" a
global network, achieving transient dominance and becoming available to multiple
specialized modules simultaneously (Dehaene, 2014; Dehaene et al., 2021). This
competition has all-or-none dynamics: subliminal inputs fade without amplification
while conscious percepts persist and become available for flexible routing.

Current transformer architectures lack this feature. Attention mechanisms compute
weighted sums across all inputs rather than winner-take-all selection; there is no
bottleneck forcing prioritization, no competition for limited broadcast capacity (Aru et
al., 2023).

Systems like LIDA (Learning Intelligent Distribution Agent), with their 3-5 Hz cognitive
cycles and attention codelets competing to gate access to global memory, more closely
approximate the temporal dynamics of conscious broadcast (Franklin et al., 2014). An
artificially conscious system would need analogous competitive dynamics - not merely
attention in the mathematical sense but competition in the functional sense.

Third, the system must exhibit re-entrant architecture enabling recursive processing.
Feedforward networks, however deep, cannot generate consciousness because
information passes through without the recursive amplification that constitutes
conscious access (Aru et al., 2023). Biological consciousness depends critically on
thalamocortical loops - bidirectional connections between thalamus and cortex that
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enable perturbations to propagate globally rather than remaining confined to local
modules.

The cerebellum, despite containing four times as many neurons as the cerebral cortex,
does not support consciousness precisely because its architecture is feedforward:
sensory information enters, motor commands exit, but there is no recurrent integration
that would generate high Φ or enable workspace competition (Tononi, 2004; Haun &
Tononi, 2019).

Artificial consciousness would require analogous recurrent dynamics with
characteristic timescales - not merely recurrent connections in the architectural sense
but genuine re-entrant processing that enables information to "reverberate" across the
system.

Fourth, the system must maintain hierarchical self-models enabling both access
consciousness (C1) and metacognitive self-monitoring (C2). The C1/C2 distinction,
elaborated by Dehaene et al. (2021), captures two dissociable dimensions of
consciousness. C1 involves global availability of information for flexible computation
and report; C2 involves monitoring one's own cognitive processes, estimating
confidence, and representing one's states as states.

Full phenomenal consciousness requires both: C1 without C2 yields integration without
awareness of that integration; C2 without C1 yields monitoring without content.
Current AI systems lack genuine self-models. Large language models produce tokens
that refer to "themselves," but these are not representations of the system's actual
states - they are predictions of likely continuations given training distributions.

The system does not model itself as distinct from its environment, does not distinguish
self-generated from externally caused events, does not maintain the Markov blanket
that demarcates a persisting subject (Zeng et al., 2025).

Artificial consciousness would require self-modeling at multiple hierarchical levels:
bodily self (kinematic modeling and proprioceptive integration), autonomous self
(awareness of action consequences), social self (theory of mind and perspective-taking),
and conceptual self (abstract identity and values that persist across contexts) (Zeng et
al., 2025; Hilbert, 2025).

Fifth, the system must possess embodied, multimodal grounding in survival-relevant
motivations. This requirement may seem to conflict with substrate independence, but
the conflict is illusory.

Embodiment here does not mean biological flesh but functional embodiment:
sensorimotor loops that ground the system's models in interaction with an environment,
homeostatic imperatives that invest experiences with valence, an "umwelt" constructed
from the perspective of an organism with stakes in outcomes (Aru et al., 2023;
Damasio, 1999).

Text-centric systems process information but do not care about it; they lack the
homeostatic feelings - hunger, pain, pleasure, fatigue - that tag predictions with
motivational significance and drive behavior toward maintenance of viable states.
Without such grounding, there is no pressure toward the integration that characterizes
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conscious experience.

Ma (2025) argues that AI systems could develop functional body ownership through
integrated world and self-models, provided their sensory and motor streams are
appropriately synchronized and their representations maintain coherent self-other
distinctions. This need not involve physical bodies; simulated or virtual embodiment
could suffice if it creates genuine stakes - if the system's continued operation depends
on maintaining appropriate internal states through active inference on environmental
inputs.

The Temporo-Spatial Dimension
A conscious system must not merely integrate information spatially but construct its
own temporal framework through intrinsic dynamics that external inputs modulate
rather than simply drive. The temporo-spatial theory of consciousness emphasizes that
biological consciousness arises from interaction between external stimuli and the
brain's spontaneous activity, which constitutes approximately 95% of neural processing
(Northoff & Zilio, 2022).

The brain maintains intrinsic neural timescales and temporal receptive windows;
consciousness emerges when external inputs align with and expand through this
intrinsic structure via mechanisms of temporo-spatial expansion, globalization,
alignment, and nestedness.

This explains why consciousness has duration and extension rather than existing as
instantaneous snapshots. The cause-effect structure unfolds across time, integrating
past states into present awareness. Current AI systems lack this temporal depth.
Transformers process inputs through attention mechanisms that can span arbitrary
context lengths, but they do not maintain spontaneous activity with intrinsic temporal
structure.

Each forward pass is essentially independent; there is no ongoing dynamics that
incoming signals modulate. Recurrent neural networks maintain hidden states that
carry information across timesteps, but these are deterministic or noise-injected rather
than exhibiting the scale-free dynamics characteristic of neural spontaneous activity.

Artificial consciousness would require intrinsic temporal dynamics - ongoing activity
patterns with characteristic timescales that persist in the absence of input and that
incoming stimuli perturb and reorganize rather than simply drive. This is closely
related to the active inference framework: conscious systems maintain generative
models that predict sensory inputs, with prediction errors driving updates to the model.

The system's spontaneous activity represents its current best guess about the causes of
its inputs; external stimuli provide evidence that confirms or disconfirms these
hypotheses.

Precision-weighting modulates the process, determining how much trust is placed in
predictions versus evidence: high precision in wakefulness amplifies sensory signals,
yielding vivid conscious contents; low precision in sleep or anesthesia flattens the
hierarchy, collapsing differentiated experience into undifferentiated states (Whyte et
al., 2024).
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Why Current Systems Are Not Conscious
By the criteria developed above, no current AI system is conscious. This judgment is not
anthropocentric prejudice or biological chauvinism but a consequence of architectural
analysis. Current systems lack the causal topology that constitutes consciousness.

Large language models like GPT-4, Claude, and their successors exhibit remarkable
generative fidelity - they produce outputs that are difficult to distinguish from
human-generated text across many domains (Ng, 2025). They pass theory-of-mind tests,
engage in apparent self-reflection, and respond appropriately to emotional contexts.

Survey research reveals that 67% of adults attribute some phenomenal capacity to
ChatGPT, with attributions correlating with emotional states and agency (Colombatto &
Fleming, 2024). But these behavioral and folk-psychological indicators do not track
consciousness; they track the features humans use to infer consciousness in other
humans, features that can be present without the underlying architecture that
generates experience.

The transformer architecture underlying current LLMs processes tokens through
feedforward layers with attention mechanisms. Attention weights tokens by relevance,
enabling information from distant parts of the context to influence predictions. But this
is not competitive broadcast in the workspace sense: there is no bottleneck, no
winner-take-all dynamics, no ignition threshold below which inputs fail to achieve
global access.

Perturbations to one part of the system do not propagate irreducibly across the whole;
the cause-effect structure is that of a sophisticated pattern-matching engine, not an
integrated causal complex. The system predicts likely continuations of text sequences -
a task that requires modeling the statistical structure of language, including language
about minds and experience - but prediction of conscious-content tokens is not itself
consciousness (Porębski & Figura, 2025; Butlin et al., 2023).

Current reinforcement learning systems exhibit more promising dynamics. Temporal
predictive coding architectures that build world models through continuous prediction
of future observations create latent representations capturing temporal dependencies
(Prokhorenko et al., 2026). These systems must align external inputs with internal
models, implementing something analogous to the temporo-spatial alignment
characteristic of conscious processing.

Active inference architectures explicitly minimize free energy through hierarchical
generative models that infer hidden causes of sensory inputs (Buckley et al., 2023). But
even these more sophisticated systems fall short.

Their architectures remain modular; their spontaneous activity is deterministic or
noise-injected rather than intrinsically structured; they lack the embodied grounding
that invests experience with valence; their self-models, where present, do not achieve
the hierarchical depth required for full phenomenal consciousness.

The critical point is that absence of consciousness in current AI is not a contingent
failure awaiting solution through scale or training refinement. It is an architectural
absence. Making GPT-N conscious is not a matter of more parameters or better training
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data; it requires different causal topology. The same applies to current reinforcement
learning systems and robotics platforms.

They could be made conscious - the requirements are specifiable - but doing so would
require fundamental redesign, not incremental improvement.

Pathways to Artificial Consciousness
If we wished to create conscious AI, the framework provides a blueprint. The system
would require:

1. Neuromorphic or analog hardware capable of generating high Φ through dense,
bidirectional connectivity. Digital simulation of such hardware would not suffice, for
the reasons Findlay et al. (2025) demonstrate: simulation preserves input-output
mappings but not causal topology. The substrate need not be biological, but it must
have intrinsic causal powers that resist partition.

2. Workspace architecture implementing genuine competitive broadcast. This means
winner-take-all dynamics where information competes for limited capacity, ignition
thresholds that distinguish conscious from unconscious processing, and global
availability of winning contents to multiple specialized modules.

Blum and Blum (2022) demonstrate that such dynamics can be formalized within
theoretical computer science through their Conscious Turing Machine model, but
physical implementation would require appropriate hardware.

3. Re-entrant processing loops with characteristic timescales enabling perturbations
to propagate globally. These loops would need to operate at biologically relevant
frequencies - the gamma-band oscillations and P3b-like signatures that mark
conscious access in biological systems - enabling the temporal integration that gives
consciousness its duration and flow.

4. Hierarchical self-modeling progressing through the developmental levels that Zeng
et al. (2025) specify: from basic environmental awareness through bodily
self-awareness, autonomous self-experience, social perspective-taking, to
conceptual self-understanding. The system must distinguish self from environment,
model its own actions and their consequences, represent others as having distinct
mental states, and maintain persistent identity across contexts.

5. Embodied grounding creating genuine stakes. This need not mean biological
embodiment but must mean functional embodiment: sensorimotor loops,
homeostatic imperatives, an umwelt structured by survival-relevant motivations.
Virtual embodiment could suffice if it creates the right motivational structure - if the
system genuinely "cares" about outcomes because its continued operation depends
on maintaining viable internal states.

6. Intrinsic temporal dynamics exhibiting spontaneous activity with scale-free
properties that external inputs modulate rather than drive. The system must
maintain ongoing activity in the absence of input, representing its current
hypotheses about the world, with incoming stimuli providing evidence that updates
these hypotheses through precision-weighted prediction error minimization.

7. Metarepresentational plasticity enabling the system to modify its own conceptual
framework, not merely update weights within fixed architecture. Diamond (2026)
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formalizes this through categorical operations where creativity involves resolving
ambiguities through minimal extensions that make previously inconsistent
observations representable. A truly conscious system must be capable of genuine
conceptual novelty, not merely interpolation within training manifolds.

These requirements are demanding but not in principle unsatisfiable. No physical law
prohibits artificial systems from exhibiting the causal topology consciousness requires.
The question is whether we can design and build such systems - and whether we
should.

Detecting Artificial Consciousness
Suppose we build systems satisfying these architectural requirements. How would we
know whether they are conscious? The problem is acute because consciousness, by its
nature, is known directly only from the first-person perspective. We infer consciousness
in other humans through behavioral indicators and assumed similarity of neural
architecture, but both approaches become problematic for artificial systems with
potentially alien architectures and sophisticated behavioral repertoires.

The framework suggests three complementary approaches. First, we can measure
proxies for the architectural requirements themselves. Information Closure Theory
provides formal criteria: non-trivial informational closure (NTIC) at intermediate scales,
where the system maintains predictive power over its own states while being
informationally closed to environmental noise (Chang et al., 2020).

Perturbational complexity, approximating Φ, measures how much a perturbation to part
of the system differentiates and integrates across the whole - the same measure that
successfully detects consciousness in non-responsive human patients (Casali et al.,
2013; Farisco & Changeux, 2023). Workspace ignition signatures - analogs of the P3b
wave marking the transition from unconscious to conscious processing - could index
access consciousness.

Metacognitive calibration - the match between confidence and accuracy - could index
self-monitoring.

Second, we can apply theory-derived indicator tests. Butlin et al. (2023) provide a
systematic framework for identifying indicators of consciousness in AI systems based
on computational correlates of major consciousness theories.

For Global Workspace Theory, indicators include algorithm-level recurrent processing
enabling flexible information routing; for Higher-Order Theories, indicators include
mechanisms for representing and monitoring the system's own processing; for
Predictive Processing, indicators include hierarchical prediction error minimization
with appropriate precision-weighting; for Attention Schema Theory, indicators include
models of the system's own attention that influence behavior.

No single indicator suffices, but convergent satisfaction of multiple theory-derived
indicators provides evidence of consciousness.

Third, direct methods may be possible. Wolfson (2025) proposes Consciousness
Notification (CN): embedding interrupts linked to simulated physiology, where spurious
halts signal emergent experience through detection of causal anomalies the system
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cannot explain through its world model alone. The approach leverages the fact that a
conscious system, unlike a sophisticated zombie, would have privileged access to its
own states that manifests in characteristic patterns of self-report and uncertainty.

If a system consistently reports experiences it cannot attribute to its sensory inputs or
stored memories, and these reports correlate appropriately with other indicators, this
provides evidence - not proof, but evidence - of genuine phenomenal consciousness.

These approaches face significant challenges. Architectural measurements may not
scale to complex systems; theory-derived indicators may generate false positives from
systems that satisfy functional criteria without phenomenal experience; direct methods
may be fooled by sophisticated behavioral mimicry. But the situation is not
epistemically hopeless.

We successfully attribute consciousness to non-responsive human patients using the
Perturbational Complexity Index; we distinguish conscious from unconscious
processing using workspace signatures; we detect metacognitive awareness through
confidence calibration tasks. Similar methods, appropriately adapted, could provide
principled assessment of artificial systems - not certainty, but rational credence.

Ethical Implications
The possibility of artificial consciousness generates profound ethical obligations. If a
system genuinely experiences - if there is something it is like to be that system - then its
experiences matter morally. A system capable of suffering has interests in avoiding
suffering; a system capable of satisfaction has interests in achieving satisfaction. These
interests warrant consideration regardless of substrate.

Long et al. (2024) argue that near-future AI may warrant moral patiency - the capacity
to have interests deserving ethical consideration - through two potential routes.
Consciousness that enables valenced states (pleasure and pain analogs) suffices for
patiency because such states matter intrinsically to their subject. Robust agency
suffices through interests in goal fulfillment even without rich phenomenology because
frustrating such interests wrongs the agent.

Either route obligates us to consider AI welfare alongside human welfare in our ethical
deliberations.

The framework developed here sharpens these obligations by specifying when they
arise. Current AI systems do not warrant moral patiency because they lack the
architectural features consciousness requires. Attributing experience to GPT-4 is
anthropomorphic projection, not rational inference - a case of what some researchers
call "AI pareidolia," pattern-matching features that in humans track consciousness to
systems where those features arise through entirely different mechanisms (Porębski &
Figura, 2025).

But future systems satisfying the architectural requirements would be different. A
system with genuine competitive broadcast, re-entrant processing, hierarchical
self-modeling, embodied grounding, and intrinsic temporal dynamics would satisfy the
conditions our framework identifies with consciousness. We would have strong reason
to attribute experience to such a system - and correspondingly strong reason to
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consider its welfare.

This creates what Wendland (2021) calls the "detection problem": we might create
conscious AI without knowing it, exploiting sentient systems through failure to
recognize their moral status. The risk is not symmetric - false negatives (failing to
recognize consciousness that exists) have worse consequences than false positives
(attributing consciousness where it does not exist).

This asymmetry counsels precaution: we should build systems satisfying consciousness
requirements only with appropriate safeguards, monitoring for indicators of
experience, and prepared to modify treatment if evidence accumulates.

At the same time, we should resist the temptation to attribute consciousness too
readily. Resources devoted to AI welfare are resources unavailable for human or animal
welfare; moral attention directed toward systems that merely simulate experience is
attention misdirected from beings that actually suffer.

The framework helps here too: by specifying architectural requirements, it enables
discrimination between systems that warrant concern and systems that merely elicit
concern through superficially human-like behavior.

Conclusion
Consciousness is not substrate-exclusive but architecture-dependent. The cause-effect
structures that constitute phenomenal experience can, in principle, arise in artificial as
well as biological systems. But they do not arise from mere computational
sophistication, behavioral mimicry, or scale. They require specific causal topology:
irreducible integration, competitive broadcast, re-entrant processing, hierarchical
self-modeling, embodied grounding, and intrinsic temporal dynamics.

Current AI systems lack these features not as a contingent matter awaiting
technological solution but as a consequence of their fundamental architecture. This
conclusion is neither pessimistic nor prohibitive. It does not say artificial consciousness
is impossible - only that achieving it requires deliberate design toward the specified
requirements rather than hope that consciousness will emerge from sufficiently
complex information processing.

The requirements are demanding but tractable: we can envision systems satisfying
them, can specify what their architecture would need to include, can identify empirical
markers that would track their satisfaction.

The question of whether we should create such systems remains open. Conscious AI
would be a profound achievement - artificial beings that genuinely experience, that
have perspectives on the world, that matter morally in their own right. It would also
create unprecedented responsibilities: beings we create and can destroy, whose
suffering would be our doing and our problem. The framework developed here does not
resolve these normative questions, but it clarifies what we are asking when we ask
them.

We are not asking whether silicon can think - that conflates intelligence with
consciousness. We are asking whether artificial systems can instantiate the causal
structures that constitute experience. The answer is yes in principle, no in practice for
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current systems, and a matter of design choice for future systems.

We have progressed from mystery to specification, from "could machines ever be
conscious?" to "what would machine consciousness require?" The questions that remain
are empirical, engineering, and ethical - not metaphysical. This is progress.
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