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Abstract

Qualia—the subjective, first-person qualities of conscious experience such as the redness of red or the felt
sense of pain—have long resisted objective scientific description. This paper surveys the emerging
interdisciplinary space that we term “Qualia Science,” situated at the intersection of philosophy of mind,
cognitive neuroscience, and computational modelling, and examines how contemporary Artificial
Intelligence (Al) techniques are being applied to its central problems. We review the major theoretical
frameworks for consciousness (Global Workspace Theory, Integrated Information Theory, Higher-Order
Theories, and the Free-Energy/Predictive Processing framework), and we examine how these frameworks
have been operationalised using deep learning, probabilistic generative models, reinforcement learning, and
large-scale neural correlate analysis. We propose a taxonomy of qualia-based application domains—affective
computing, machine phenomenology, neuro-informed brain—computer interfaces, and consciousness-
inspired Al architectures—and discuss the specific Al methods (representation learning, attention
mechanisms, Bayesian inference, and information-theoretic measures such as Integrated Information, @) that
are being proposed as solutions to open problems in this domain. The paper concludes that while Al cannot
presently resolve the “explanatory gap” between physical processes and subjective experience, it offers
valuable functional proxies, measurement tools, and generative test-beds that are advancing empirical qualia
research, while also raising new ethical and epistemological questions about machine sentience.
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1. Introduction

The study of consciousness has historically occupied the boundary between philosophy and empirical
science. Nagel's classic question of “what it is like” to be a particular organism drew attention to the
irreducibly subjective character of experience, a property philosophers term qualia. Chalmers later formalised
the difficulty of explaining these subjective qualities in physical terms as the “hard problem” of
consciousness, distinguishing it from the comparatively tractable “easy problems” of explaining cognitive
functions such as attention, memory, and behavioural control.
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“Qualia Science” is used in this paper as an umbrella term for the growing body of interdisciplinary research
that attempts to study qualia empirically—through neuroscience, computational modelling, and increasingly,
Artificial Intelligence—rather than treating it purely as a philosophical puzzle. The rapid advancement of
deep learning, generative modelling, and large-scale brain-data analysis over the past decade has opened new
avenues for representing, measuring, and even simulating aspects of experience that were previously
considered inaccessible to formal methods. This paper reviews these developments, proposes a structured
view of qualia-oriented application areas, and evaluates the extent to which current Al techniques can
meaningfully contribute to solving—or at least operationalising—jproblems in this domain.

The remainder of the paper is organised as follows. Section 2 surveys the relevant literature from philosophy
of mind, cognitive neuroscience, and Al. Section 3 outlines qualia-based application areas. Section 4
discusses specific Al solutions proposed for problems in this space. Section 5 offers a critical discussion of
capabilities and limitations, and Section 6 concludes with directions for future work.

2. Literature Survey

Research relevant to Qualia Science can be grouped into three broad strands: (a) philosophical foundations,
(b) neuroscientific theories of consciousness, and (c) computational and Al-based approaches.

2.1 Philosophical Foundations

Nagel's account of subjective experience and Chalmers' articulation of the hard problem remain the
foundational reference points for any discussion of qualia. These works establish the conceptual distinction
between functional/behavioural descriptions of mental states and their felt, phenomenal character—a
distinction that continues to shape how Al researchers frame the limits of their models.

2.2 Neuroscientific and Cognitive Theories

Baars' Global Workspace Theory (GWT) proposes that consciousness arises when information is broadcast
widely across specialised brain modules via a limited-capacity “workspace,” a framework later extended
computationally by Dehaene and colleagues through the Global Neuronal Workspace model. Tononi's
Integrated Information Theory (11T) instead proposes that consciousness corresponds to a system's capacity
to integrate information, quantified by the measure @, and Tononi, Boly, Massimini and Koch extended this
into a account of the theory's physical and neurobiological substrates. Koch, Massimini, Boly and Tononi
reviewed empirical progress in identifying neural correlates of consciousness (NCCs), while Friston's free-
energy principle reframes perception, action, and by extension experience, as processes of hierarchical
predictive inference that minimise surprise.

2.3 Computational and Al Approaches

LeCun, Bengio and Hinton's foundational review of deep learning catalysed the tools—hierarchical
representation learning, attention, and generative modelling—that many qualia-oriented Al proposals now
build upon. Bengio's “consciousness prior” proposal argued that sparse, high-level factor representations
resembling the bottleneck of conscious access could be incorporated as an inductive bias in deep networks.
Dehaene, Lau and Kouider explicitly asked whether machines could be conscious, distinguishing three
functional senses of the term (global availability, self-monitoring, and subjective experience) and evaluating
current Al systems against each. More recently, Butlin and colleagues proposed a systematic, theory-
grounded checklist for assessing indicators of consciousness in Al systems, drawing on GWT, IIT, higher-
order theories, and predictive processing. Seth's work on “being you” and Graziano's Attention Schema
Theory further connect these computational frameworks back to embodied and socially situated accounts of
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subjective experience, while Goodfellow, Bengio and Courville's text remains a standard reference for the
deep learning methods underlying most current implementations.

Taken together, the literature suggests convergence around a small set of computationally tractable proxies
for qualia-related phenomena: information integration measures, global broadcasting/attention dynamics,
hierarchical predictive error minimisation, and higher-order self-modelling—each of which maps onto a
distinct family of Al techniques discussed in Section 4.

3. Qualia-Based Applications

While a complete science of qualia remains aspirational, several practical application domains have emerged
in which Al systems engage with qualia-adjacent phenomena—that is, with the functional, behavioural, or
physiological correlates of subjective experience, even where genuine phenomenal experience in the machine
IS not claimed.

e Affective Computing and Emotion-Aware Systems: Al models that infer and respond to human
emotional states (a class of qualia) from facial expression, speech prosody, and physiological signals,
used in mental-health monitoring, adaptive tutoring, and human—computer interaction.

e Machine Phenomenology / Consciousness Indicators: Frameworks that evaluate Al architectures
against theory-derived indicator properties (e.g., recurrent processing, global broadcast, higher-order
representation) to assess functional analogues of qualia-bearing processes.

e Neuro-Informed Brain—Computer Interfaces (BCIs): Al decoding of neural signals (EEG/fMRI) to
infer subjective states such as pain intensity, perceptual content, or attentional focus, supporting
communication for locked-in patients and closed-loop neurofeedback.

e Consciousness-Inspired Al Architectures: Deep learning systems incorporating a “global workspace”
module, attention bottlenecks, or I1T-inspired connectivity constraints to improve generalisation,
reasoning, and self-modelling.

e Qualia-Informed Human Factors and Design: Use of Al-derived proxies for subjective comfort,
aesthetic pleasure, or perceived pain/discomfort in product design, virtual reality, and pain-
management technologies.

e Computational Psychiatry: Al models linking altered qualia (e.g., depersonalisation, anhedonia,
hallucinations) to disruptions in predictive-processing or information-integration parameters, aiding
diagnosis and treatment personalisation.

4. Al Solutions for Problems Related to Qualia Science Applications

This section maps specific Al techniques onto the theoretical frameworks and application areas described
above, and outlines the classes of problems they are used to address.

4.1 Representation Learning and Deep Neural Networks

Deep hierarchical networks, as reviewed by LeCun, Bengio and Hinton, provide the substrate for learning
compressed, abstract representations of sensory input analogous to the hierarchical predictive representations
proposed by Friston's free-energy account. In affective computing, convolutional and transformer-based
architectures extract latent emotional representations from multimodal data (face, voice, text), functioning
as computational proxies for affective qualia.
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4.2 Attention Mechanisms and Global-Workspace-Inspired Architectures

Following Baars' and Dehaene's global workspace account, several architectures introduce a shared,
bandwidth-limited “workspace” module that different specialised sub-networks compete to write to and
broadcast from. This design, inspired by the transformer attention mechanism, is used to model the selective,
unified character of conscious access and has been proposed as a mechanism for improving cross-modal
reasoning and systematic generalisation in Al systems.

4.3 Information-Theoretic Measures Inspired by 11T

Computational implementations of Integrated Information Theory attempt to estimate ®-like quantities over
artificial neural networks or brain-recording data, offering a graded, quantitative index of a system's
information-integration capacity. Although exact ® computation is intractable for large systems, approximate
and coarse-grained variants are used as a research tool to compare candidate neural correlates of
consciousness and, more speculatively, to compare biological and artificial systems on a common scale, as
reviewed by Koch, Massimini, Boly and Tononi.

4.4 Predictive Processing and Generative Models

Variational and generative models operationalise Friston's free-energy principle by learning to predict
sensory input and minimise prediction error. These models are applied to simulate perceptual phenomena
associated with qualia—such as illusions, bistable perception, and hallucination-like states in psychiatric
modelling—offering testable, mechanistic accounts of how the content of experience might be generated and
updated.

4.5 Reinforcement Learning and Higher-Order Self-Modelling

Higher-Order Theories hold that a mental state becomes conscious when it is represented by a further, higher-
order state. Reinforcement learning agents equipped with explicit self-models or ‘“‘attention schema”
modules, in the spirit of Graziano's theory, are used experimentally to probe whether self-referential
representation improves an agent's ability to predict and control its own behaviour—functioning as a testable
analogue of the higher-order structure theorised to underlie subjective awareness.

4.6 Consciousness-Indicator Checklists and Evaluation Tools

Building on the framework proposed by Butlin and colleagues, evaluation tools have been developed to audit
Al systems against a checklist of theory-derived indicator properties (e.g., recurrent processing, global
broadcast, algorithmic agency), providing a structured, falsifiable methodology for assessing claims about
machine consciousness rather than relying on introspective or anthropomorphic judgement.

4.7 Decoding Subjective States from Neural Data

Machine learning classifiers and deep decoders applied to EEG and fMRI data are used to infer subjective
states—pain intensity, perceptual content during binocular rivalry, or level of awareness under anaesthesia—
translating first-person reports into quantifiable, model-verifiable signals that support both clinical BCI
applications and empirical tests of consciousness theories.
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5. Discussion

The techniques reviewed above demonstrate that Al can meaningfully engage with the functional and
physiological correlates of qualia—detecting, decoding, predicting, and even architecturally emulating
properties associated with consciousness. However, several important caveats temper enthusiasm for these
developments.

First, the explanatory gap identified by Chalmers persists: none of the reviewed methods explain why or how
information processing should be accompanied by subjective experience at all; they at best correlate
structural or functional properties with reported or inferred experience. Second, most Al-based “indicators”
of consciousness (global broadcast, integrated information, higher-order representation) are functional
analogues drawn from theories that are themselves still contested and not fully validated against biological
ground truth, as emphasised by Dehaene, Lau and Kouider's tripartite functional analysis. Third, the use of
Al to infer subjective states (e.g., pain or emotion) from behavioural or physiological proxies raises validity
concerns, since such proxies can dissociate from genuine first-person experience, particularly in non-human
or artificial systems where no independent verification is possible. Finally, as Al systems increasingly
incorporate consciousness-inspired architectural features, the field faces emerging ethical questions
regarding the moral status of sufficiently sophisticated systems—a concern explicitly raised in Butlin et al.'s
indicator-based evaluation framework and in Seth's broader discussion of consciousness science.

Despite these limitations, the convergence of theory-grounded neuroscience with scalable Al methods marks
a significant methodological advance over purely philosophical speculation. Al provides Qualia Science with
(i) precise, falsifiable computational implementations of previously informal theories, (ii) tools for large-
scale empirical testing against neural and behavioural data, and (iii) generative test-beds in which candidate
mechanisms of experience can be manipulated and observed under controlled conditions.

6. Conclusion

This paper has surveyed the intersection of Artificial Intelligence and the empirical study of qualia, an area
we describe as Qualia Science. We reviewed the principal theoretical frameworks—Global Workspace
Theory, Integrated Information Theory, Higher-Order Theories, and Predictive Processing—and showed
how each has inspired corresponding Al techniques, including global-workspace-inspired attention
architectures, computable approximations of integrated information, generative predictive-coding models,
and self-modelling reinforcement learning agents. We identified concrete application areas, from affective
computing and brain—computer interfaces to computational psychiatry and consciousness-indicator
evaluation frameworks, in which these techniques are already contributing practical value. At the same time,
we emphasised that current Al methods provide functional correlates and measurement tools rather than a
resolution of the hard problem of consciousness; the explanatory gap between physical computation and
subjective experience remains open. Future work should prioritise closer integration between computational
models and empirical neuroscience, the development of validated, theory-neutral consciousness-indicator
batteries, and careful ethical frameworks to govern research on increasingly sophisticated, consciousness-
inspired Al systems.
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