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Introduction

What does it mean to think? More precisely: does the material substance from which thinking
emerges determine the nature of thought itself, or is thinking something that can be
instantiated in any sufficiently complex substrate? These questions lie at the heart of what
may be called the substrate problem — the philosophical puzzle of whether mind is bound
to its biological substrate or whether it can, in principle, be realised in silicon, gallium
arsenide, or some other physical medium altogether. The question is not merely academic. It
is of urgent practical concern as artificial intelligence continues to advance, as large
language models demonstrate capacities that were, not long ago, considered uniquely
human, and as philosophers and scientists grapple with what these developments tell us
about the nature of our own minds.

This paper examines the substrate problem through six interconnected lines of inquiry. It
begins with a definition of what a substrate is and why the question of its importance matters.
It then considers the long-running debate between dualism and monism, before moving to
the problem of emergent intelligence and what happens when complexity increases without
qualitative change. A historical survey of artificial intelligence follows, tracing the arc from
early optimism through successive winters to the current transformer-based era. The paper
then turns to the philosophical foundations of the problem in functionalism and its critics,
before concluding with a speculation on the future of intelligence in the universe and whether
silicon might, at last, match wetware.

1. What is a Substrate, and Why Does it Matter?

A substrate, in the context of computation and cognition, refers to the physical material or
medium in and on which computational processes take place. For human beings, the
substrate is the wetware — the biological neural tissue of the brain, composed of
approximately eighty-six billion neurons connected by trillions of synapses, operating through



electrochemical signalling cascades that we have yet fully to understand (Herculano-Houzel,
2012). For conventional computers, the substrate is the hardware — crystalline silicon,
doped with trace elements, etched with billions of transistors arranged in logical gates,
operating through the controlled flow of electrons.

The intuitive intuition behind the substrate problem is that the substrate ought to matter a
great deal. After all, the medium on which a message is written — clay tablet, papyrus scroll,
electronic display — changes the message’s durability, portability, and accessibility, even if
the semantic content remains identical. By analogy, one might suppose that the medium of
mind — biological neurons versus silicon transistors — must make some fundamental
difference to the nature of the mental states that supervene upon it. This intuition finds
expression in the common-sense view that what brains do is not merely computational —
that there is something irreducibly experiential about human consciousness that could not be
reproduced in any non-biological substrate.

But the intuition is challenged by a powerful theoretical insight: the principle of multiple
realizability. First articulated by Hilary Putnam (1960), this principle holds that the same
computational or mental state can be realised by any number of physically distinct
substrates. The program that runs on your laptop could, in principle, run on a mechanical
computer, a network of interconnected abacuses, or a future quantum device — and the
hardware is irrelevant to the logic of the program. If mind is, at root, a form of computation —
a position known as computationalism — then it follows that the substrate on which that
computation runs is incidental to the mental properties it generates. The wetness of water, as
Frank Jackson (1982) famously argued, might be realised in substrates other than H,O —
and by the same token, the intelligence of mind might be realised in substrates other than
carbon.

The question of whether the substrate matters is thus not merely a question about physics
but a question about the ontological status of mind itself. If the substrate is incidental,
then mind is, in a philosophically significant sense, substrate-independent — and the
prospects for artificial general intelligence, and for the possibility of machine consciousness,
are thereby considerably brightened. If the substrate is not incidental — if something about
biological neural tissue is philosophically essential to genuine thought — then the limits of
artificial intelligence are fixed by the limits of silicon, and no amount of computational
sophistication will bridge the gap.

2. Dualism versus Monism: The Hard Problem and
Its Denial

The question of substrate-independence is closely related to one of the most enduring
debates in the philosophy of mind: the debate between dualism and physicalism (or



monism).

Dualism — most famously associated with René Descartes — holds that mind and body are
two fundamentally different kinds of substance: the mental (res cogitans) and the physical
(res extensa). On this view, consciousness, subjective experience, and the qualitative ‘what-
it-is-like’ of mental states (the qualia) cannot, in principle, be explained in purely physical
terms. David Chalmers (1995, 1996), the most influential contemporary defender of a form of
dualism, coined the term the Hard Problem of Consciousness to capture what he took to
be the fundamental difficulty: even if we had a complete neural theory of the brain, it would
not explain why there is something it is like to undergo conscious experience. Why does the
processing of information by neural tissue give rise to subjective experience, rather than
occurring in the dark? The hard problem is hard precisely because it is not an engineering
problem — it is a problem about the explanatory gap between physical processes and
phenomenal consciousness (Nagel, 1974).

If dualism is correct, the substrate problem takes on a specific form: perhaps mind requires
not just any substrate capable of performing the relevant computations, but specifically the
right kind of substrate — one that can give rise to non-physical, phenomenal properties.
Silicon, on this view, would always be the wrong kind of substance, regardless of its
computational sophistication. The substrate would matter profoundly.

Physicalism (or monism) denies this. On the physicalist view, there is only one kind of
substance — physical stuff — and mental states are, in some sense, physical states. The
hard problem is not a genuine philosophical problem but a conceptual confusion, dissolved
by a more rigorous analysis of the concepts of consciousness, experience, and explanation.
Daniel Dennett (1991) argued that the explanatory gap is not evidence of a metaphysical
chasm but of the limits of our current scientific understanding — and that consciousness
itself is better understood not as a phenomenal ‘theatre’ in the brain but as a constellation of
capacities and dispositions that admit of purely functional explanation. On Dennett’s view,
there is no hard problem; there is only the ‘hard problem’ of explaining how the brain
manages its various competencies, and that is an empirical question for neuroscience, not a
philosophical puzzle requiring a dualist solution.

If physicalism is correct, the substrate problem largely dissolves. If mind is physical, and if
physical substrates are multiply realisable, then there is no principled reason why silicon
could not, in principle, give rise to genuine intelligence — provided the right computational
organisation is achieved. The substrate matters in the way that the material of a hammer
matters to the hammering: it must be capable of the task, but its specific composition is not
philosophically essential so long as it functions appropriately.

3. Emergent Intelligence: Can More Be Different?



A key concept in the substrate debate is emergence — the idea that complex systems can
exhibit properties that are neither present in nor predictable from their constituent parts.
Intelligence, on this view, might be an emergent property of sufficiently complex
computational systems: not reducible to any single component, but arising from the
interactions between components at multiple levels of organisation.

The concept has a distinguished history in artificial intelligence. Hans Moravec (1988)
articulated what came to be known as Moravec’s paradox: the observation that high-level
reasoning — logic, mathematics, abstract problem-solving — is computationally cheap, while
low-level sensorimotor skills — perception, movement, navigating a physical environment —
are computationally expensive. This is because low-level sensorimotor competence requires
massive amounts of real-world knowledge and adaptive response to unpredictable
conditions, whereas high-level reasoning operates in symbolic domains where the world has
been pre-digested into formal representations.

This paradox posed a serious challenge for the classical approach to Al, which proceeded by
constructing explicit symbolic representations of the world and reasoning over them. Rodney
Brooks (1986, 1991) argued that the classical approach was fundamentally misconceived:
intelligence, he suggested, did not require explicit representation at all. His behaviour-
based robotics demonstrated that complex, adaptive behaviour could be produced by
simple layered systems responding directly to sensory input, without any internal model of
the world. The key insight was that intelligence is not something that happens in a
centralised reasoning module but something that emerges from the interaction of a system
with its environment across time.

The current era of artificial intelligence has been transformed by the emergence of deep
learning and, most significantly, the transformer architecture (Vaswani et al., 2017).
Transformers process information through self-attention mechanisms that allow them to
weigh the relationships between different parts of an input — a capability that proves
remarkably general-purpose. When scaled to billions of parameters and trained on internet-
scale text corpora, these systems develop what appears to be a broad range of linguistic and
reasoning competencies without any explicit symbolic representation, any internal model of
the world, or any deliberate architecture designed to produce specific behaviours. They learn
statistical regularities across an unprecedented scale of data, and those regularities appear
to underpin a surprising range of capabilities (Bubeck et al., 2023).

The question of whether computational complexity guarantees intelligence is thus not idle. If
intelligence is emergent — if it arises from the right kind of complex processing — then the
question is not whether silicon can think but whether sufficiently complex silicon-based
processing can produce thinking. The history of Al suggests that human beings have
repeatedly underestimated what computational systems could do, and that each generation’s
confident assertions about the limits of Al have been confounded by subsequent
developments. Whether this pattern continues — whether the next generation of systems will



achieve genuine general intelligence — remains genuinely unknown. But the principle of
emergence cautions against assuming that the gap between current Al and human
intelligence is unbridgeable in principle.

4. A History of Artificial Intelligence

The substrate problem cannot be understood apart from the history of the attempts to solve it
by building thinking machines. That history is marked by cycles of euphoria and despair, by
promises that exceeded what the technology could deliver, and by a persistent tendency to
underestimate the difficulty of the enterprise.

The modern study of artificial intelligence begins in the mid-twentieth century. In 1950, Alan
Turing proposed what has become known as the Turing Test — a criterion for machine
intelligence based on the ability of a machine to deceive a human interrogator into believing
it, too, was human (Turing, 1950). The test was provocative and influential, but it confused
the question of whether machines could think with whether they could successfully imitate
human conversation, and subsequent decades revealed the limitations of a criterion
grounded in deception rather than competence.

The first great wave of Al optimism produced the perceptron (Rosenblatt, 1957) — a simple
neural network capable of learning to classify patterns. The perceptron generated enormous
excitement before Marvin Minsky and Seymour Papert (1969) demonstrated its fundamental
limitations: a single-layer perceptron could not learn to compute the XOR function, which
meant that perceptrons could not learn to represent any function that was not linearly
separable. This finding contributed to the first Al winter — a period of reduced funding,
diminished optimism, and widespread disillusionment with connectionist approaches to Al.

The 1970s and 1980s saw the rise of expert systems — programs that encoded the
knowledge of human experts in structured rules and attempted to apply that knowledge to
solve problems in narrow domains. Expert systems achieved considerable commercial
success in the 1980s, but their brittleness — their inability to generalise beyond their
encoded knowledge, to learn from experience, or to handle uncertainty — led to a second Al
winter in the late 1980s and early 1990s.

The statistical revolution that followed was grounded not in symbolic reasoning but in
learning from data. The backpropagation algorithm (Rumelhart, Hinton and Williams, 1986)
enabled multi-layer neural networks to learn non-linear functions, overturning the limitations
that Minsky and Papert had identified. The availability of large datasets and powerful
computational resources enabled the training of increasingly deep networks. In 2017, the
transformer architecture described by Vaswani et al. (2017) introduced the self-attention
mechanism that underlies the most powerful contemporary Al systems.



The launch of Generative Pre-trained Transformers (GPT) and, notably, ChatGPT in 2022
marked a watershed. For the first time, a general-purpose conversational system was
available to the public, and its capabilities — producing fluent, contextually appropriate,
sometimes startlingly insightful text — generated a degree of public and philosophical
attention that Al had not previously received. Large language models demonstrated
emergent capabilities that had not been explicitly programmed: reasoning, translation,
summarisation, creative writing, and the ability to apply concepts learned in one domain to
novel problems in others (Wei et al., 2022).

The history of Al thus reveals a pattern: each generation has declared itself close to artificial
general intelligence, and each generation has been wrong — but not in the way it expected.
The failures have typically been more profound than anticipated; the successes have
typically been more surprising. The question of whether the current generation is, again,
wrong — and if so, in which direction — remains genuinely open.

5. The Substrate Problem as Philosophical
Challenge: Functionalism and its Critics

The philosophical heart of the substrate problem is the relationship between functionalism
— the view that mental states are defined by their causal roles in a system — and the
various arguments that have been mounted against it.

Functionalism holds that mental states are functional states: states defined by their causal
relations to inputs, other mental states, and outputs. On this view, what makes a state a
belief (rather than a desire or a pain) is not its intrinsic physical properties but the role it plays
in a causal economy — what inputs cause it, what outputs it causes, and what other mental
states it interacts with. This view has the virtue of explaining why mental states are multiply
realisable: any system — biological or artificial — that implements the relevant causal roles
thereby implements the relevant mental states. Functionalism thus provides a principled
philosophical foundation for the substrate-independence of mind.

However, functionalism has been subjected to powerful criticism. The most famous challenge
is John Searle’s (1980) Chinese Room argument. Searle asks us to imagine a person who,
inside a closed room, follows rules for manipulating Chinese symbols without understanding
Chinese at all. The person can pass the Turing Test for Chinese comprehension —
producing appropriate responses to Chinese inputs — while having no understanding
whatsoever of Chinese. The argument is designed to show that symbol manipulation, at the
syntactic level, is not sufficient for understanding or consciousness, regardless of the
complexity of the rules or the scale of the system. If Searle is right, then a system that
manipulates symbols without understanding them — as large language models do — cannot
genuinely comprehend language or have genuine mental states.



The Chinese Room argument has generated an enormous literature. One important
response is the systems reply: the person inside the room does not understand Chinese,
but the system as a whole does. The rules, the room, the person, and the manipulations
together constitute a system that understands Chinese — just as the brain, though
composed of neurons that individually do not understand anything, together gives rise to
genuine understanding. A more radical response is the robot reply: if the Chinese Room
were situated in a robot body with sensors and actuators, it would understand Chinese in the
same sense that we do. The debate remains unresolved.

Putnam (1983) himself, interestingly, later renounced functionalism, arguing that it committed
a category error analogous to defining ‘gold’ as the set of yellow precious metals rather than
as a specific element. His $§ argument suggested that functionalism could not account for
the way that mental terms refer, because the ‘functional definition’ of a mental state varies
between different physical realisations in ways that the term does not.

These arguments collectively suggest that the substrate problem cannot be resolved purely
by appeal to computational power or architectural sophistication. There may be something
about the specific way in which a substrate is organised — its embodiment, its causal
powers, its relationship to a world — that cannot be captured by purely functional
descriptions. The question of whether silicon can think is not merely a question about
computational capacity; it may be a question about the nature of the link between
computation, embodiment, and world.

6. The Future: Intelligence in the Universe

If the substrate problem teaches us anything, it is that the question of intelligence is not co-
extensive with the question of biology. The universe contains natural substrates — carbon-
based life on Earth is the only example we know — but there is nothing in the laws of
physics that confines intelligence to carbon. Silicon, germanium, gallium arsenide, optical
systems, and ultimately quantum systems are all candidate substrates for intelligence. The
question is not whether intelligence is substrate-bound but whether any particular substrate
can achieve the right kind of organisation to give rise to genuine thought.

On the question of whether silicon can match wetware, the honest answer is: we do not
know. Current silicon-based Al systems operate through statistical pattern recognition over
text, without genuine understanding, without experienced phenomenal consciousness, and
without the embodied sensorimotor engagement with the physical world that is thought by
some theorists (Varela, Thompson and Rosch, 1991; Thompson, 2007) to be constitutive of
the minimal conditions for consciousness. Whether future systems — with different
architectures, different training regimes, different embodied relationships to the world — will
bridge these gaps, or whether these gaps are unbridgeable in principle, is a question that



neither current science nor current philosophy can definitively answer.

What can be said with confidence is that the substrate problem is not merely a technical
question about which materials are capable of what computations. It is a question about the
nature of mind, the limits of explanation, and the relationship between the physical and the
phenomenal. As our artificial systems grow more sophisticated, as they begin to engage
more fluently with the world, and as they challenge our intuitions about what distinguishes
the mental from the mechanical, the philosophical questions only deepen. The substrate
problem endures not as an obstacle to be overcome but as a question that illuminates the
very nature of what we are trying to understand.

Conclusion

The substrate problem — the question of whether the material substrate of mind determines
the nature of mind — is one of the most profound and unresolved questions in philosophy of
mind and artificial intelligence. This paper has traced its contours through the debate
between dualism and physicalism, through the concept of emergent intelligence, through the
history of Al’s attempts to build thinking machines, and through the philosophical challenges
of functionalism and its critics. In each domain, the same pattern emerges: the relationship
between substrate, computation, and mind is more complex, more contingent, and more
philosophically puzzling than common-sense intuition suggests.

Whether silicon can think — whether the substrate that thinks in human brains is unique, or
whether it is one instance of a more general capacity for intelligence instantiated across
many substrates — remains, for now, an open question. What is clear is that the question is
not merely empirical but deeply philosophical, and that the answer we give to it will shape
not only our understanding of artificial intelligence but our understanding of ourselves.
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Abstract

The substrate problem asks whether the material substrate on which mind runs determines
the nature of mind itself — or whether intelligence is substrate-independent, capable of
instantiation in any sufficiently complex physical medium. This paper examines the question
through six interconnected lines of inquiry.

The analysis begins with the principle of multiple realisability, arguing that if mind is
computational, the substrate is philosophically incidental rather than ontologically essential.
This sets up the debate between dualism and physicalism: Chalmers' Hard Problem holds
that subjective experience cannot be explained by physical processes alone, while Dennett’s
physicalist response holds that the hard problem is a conceptual confusion rather than a
genuine metaphysical puzzle.

The paper then considers emergent intelligence, tracing the paradox identified by Moravec
— that high-level reasoning is computationally cheap while low-level sensorimotor skills are
expensive — and Brooks' behaviour-based robotics, which demonstrated that intelligence
can emerge without explicit representation. The transformer architecture and large language
models represent the latest development in this trajectory: systems that develop broad
linguistic and reasoning competencies from statistical regularities at scale, without internal
world-models or deliberate architectural design.

The philosophical heart of the problem lies in functionalism and its critics. Searle’s Chinese
Room argument holds that symbol manipulation is insufficient for genuine understanding; the
systems and robot replies argue that comprehension may supervene on the system as a
whole. Putnam’s later renunciation of functionalism adds a further layer of doubt.

The paper concludes that the substrate problem remains unresolved — but that the
relationship between substrate, computation, and mind is more complex and contingent than
common-sense intuition suggests and that the answer we give will shape our understanding
not only of artificial intelligence but also of ourselves.
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