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Abstract

This paper examines the impact of artificial intelligence (Al) on long-standing debates in the philosophy of mathematics,
with particular emphasis on the validity of Platonism in the contemporary context. Platonism holds that mathematical
entities exist independently of human minds and are discovered rather than invented. Alternative perspectives—including
formalism, nominalism, logicism, intuitionismand fallibilism—offer competing accounts of the nature and epistemology
of mathematics. The integration of Al into mathematical practice, through formal verification, computer-assisted
proofsand machine-guided discovery, presents unprecedented challenges and opportunities for these philosophical

positions. Al’s successes, such as the formal proof of the Kepler Conjecture and the generation of new conjectures in knot

theory, lend empirical support to the idea of mathematical objectivity, but they also highlight the role of human-designed
formal systems and evolving practices. The paper argues that while Al strengthens the epistemic plausibility of Platonism,
it does not conclusively establish its ontological claims. Instead, the interplay between humans and machines suggests a
hybrid view, where mathematics emerges both as a discovery of objective structures and as a historically evolving,

technologically mediated human practice. The conclusion underscores Al’s transformative role in reshaping mathematical
knowledge, expanding epistemic normsand redefining philosophical inquiry into the foundations of mathematics.
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Introduction

The philosophy of mathematics has long revolved around a central ontological and epistemological question: Do
mathematical objects exist independently of human thought, or are they constructs of human activity? This debate, most
prominently represented by the contrast between Platonism and anti-Platonist positions, has shaped centuries of
reflection on the nature of mathematical truth. Platonists maintain that numbers, functionsand theorems exist in an
abstract, timeless realm, waiting to be discovered much like geographical features on a map (Gédel, 1964). In contrast,
anti-Platonist approaches—whether formalism, which views mathematics as a rule-based manipulation of symbols
(Hilbert, 1926), intuitionism, which roots mathematics in human mental constructions (Brouwer, 1913), or nominalism,
which denies the existence of abstract objects altogether (Field, 1980)—challenge the necessity of postulating an
independent mathematical reality.

Until recently, this debate was largely confined to human-centered perspectives on reasoning, proofand discovery.
However, the emergence of artificial intelligence (Al) in mathematical practice has introduced a novel dimension to
this philosophical problem. Al systems have not only been used as proof assistants (e.g., Lean, Cog, HOL Light) to
verify the correctness of highly complex proofs, but have also contributed to the discovery of new mathematical
insights. In 2021, researchers at DeepMind reported in Nature that machine learning techniques uncovered unexpected
connections in knot theory and representation theory—Ilinks that human mathematicians subsequently formalized into
theorems (Davies et al., 2021). Such developments raise profound questions: if a non-human entity can generate novel
conjectures and proofs, does this imply that mathematical truths exist independently of human cognition? Or does it
instead confirm that mathematics is merely a syntactic game of symbol manipulation, amenable to automation but lacking
ontological depth?

From a Platonist perspective, Al-driven discoveries could be taken as strong evidence that mathematical truths are
objective realities. Just as telescopes reveal celestial structures independent of human perception, so too might algorithms
reveal mathematical structures independent of human invention. The fact that Al systems, operating without human
intuition, can identify conjectures and patterns unknown to mathematicians suggests that these truths existed prior to their
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discovery and merely awaited the right methods of access. This position echoes Gédel’s conviction that mathematical
reality is as real as physical realityand that the role of mathematicians is to uncover rather than invent (Godel, 1964).

Yet, anti-Platonists can raise compelling objections. Al systems, after all, are designed and trained by humans using
existing mathematical frameworks. Their outputs might reflect not an encounter with objective mathematical reality, but
rather the exploitation of formal patterns embedded within their training data. From this perspective, Al “discoveries” are
better understood as extensions of formalism—symbol manipulation at scale, without genuine understanding. This

resonates with Wittgenstein’s later view of mathematics as a “language game,” where meaning is constituted by practice
rather than correspondence to an abstract realm (Wittgenstein, 1956). Moreover, the epistemological challenge remains:
if a proof is generated or verified by a machine but not comprehensible to humans, can it truly count as mathematical
knowledge?

The aim of this paper is to critically examine the implications of Al-driven mathematical discovery for the debate between
Platonism and anti-Platonism. | will argue that while Al strengthens the Platonist claim by demonstrating the apparent
independence of mathematical truths from human cognition, it simultaneously raises challenges that complicate a
straightforward realist interpretation. By analyzing both the successes and the limitations of Al in mathematics, | propose
that the debate may require a hybrid or revised framework, one that acknowledges the objectivity of mathematical
structures while recognizing the indispensable role of human interpretation in transforming symbolic outputs into genuine
knowledge.

The relationship between philosophy and mathematics has always been intimate and contested. Mathematics has long
been regarded as the exemplar of certainty, precisionand necessity, while philosophy has persistently questioned the basis

of this certainty, the meaning of mathematical objectsand the nature of mathematical knowledge. From Plato’s dialogues,

where mathematical entities were invoked as paradigmatic Forms, to contemporary debates about the indispensability of
mathematics in science, questions about the ontology and epistemology of mathematics have occupied some of the most
fertile ground in philosophy. In recent decades, the emergence of artificial intelligence (Al) has transformed this
landscape, forcing philosophers to reconsider long-standing assumptions about what it means to prove, to knowand to
discover in mathematics.

This paper explores how Al’s role in contemporary mathematics intersects with philosophical debates, particularly the
enduring question of Platonism — the view that mathematical entities exist independently of human minds, timelessly
and immutably. At stake is whether Al’s achievements in theorem proving and conjecture generation provide new

evidence for such a reality, or whether they can be explained without ontological commitments, through frameworks such
as formalism, nominalismand fallibilism. This introduction will situate the debate historically, review major philosophical
positions, explain why the arrival of Al is disruptiveand outline the research questions and thesis guiding this
investigation.

Philosophy of Mathematics: An Enduring Debate

Philosophical reflection on mathematics begins with Plato. In his Republic and Meno, Plato identifies mathematics as a
special domain of knowledge: more abstract than sensory perception but less ultimate than knowledge of the Forms.
Numbers and geometrical figures are, for him, real and unchanging entities, apprehended not through the senses but
through intellectual insight. This Platonic realism established a powerful tradition: mathematics is discovery, not
invention, because its objects exist independently of us.

Later traditions challenged and refined this view. Aristotle, while acknowledging mathematics’ abstraction, denied the

independent existence of mathematical entities; for him, they were abstractions from concrete reality. In the modern
period, the rise of symbolic algebra and calculus created new puzzles: if mathematics extends beyond intuitive geometry,
what guarantees its truth? This question animated later philosophers. Immanuel Kant argued that mathematics rests on
the synthetic a priori structures of human cognition, grounding it in the forms of intuition (space and time). By contrast,

David Hilbert sought to secure mathematics through formal axiomatic systems, while L. E. J. Brouwer’s intuitionism
rejected classical logic in favour of constructive reasoning.

The 20th century sharpened these debates into more formal positions:
. Platonism (or realism): mathematical objects exist independently of minds.

. Formalism: mathematics is the manipulation of symbols according to rules, without commitment to external
existence.

. Logicism: mathematics reduces to logic (Frege, Russell).
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. Nominalism: mathematics is a useful fiction, requiring no abstract objects (Field, 1980).

. Fallibilism: mathematics evolves through conjecture and refutation, similar to science (Lakatos, 1976).

These positions are not merely abstract. They shape how mathematicians and philosophers understand proof, rigour and
the meaning of mathematical truth.

Proof and Knowledge: The Human Ideal

Proof has historically been the centrepiece of mathematics’ claim to certainty. From Euclid’s Elements, the axiomatic-

deductive method set the standard for what it meant to know something mathematically. A proof was not merely a
guarantee of truth; it was an explanation, a transparent sequence of steps that human reason could survey. This ideal
persists in the belief that proofs should not only establish correctness but also foster understanding.

However, the 20th century challenged this ideal in multiple ways. Godel’s incompleteness theorems showed that no

consistent, sufficiently strong axiomatic system could capture all mathematical truths. Moreover, the increasing reliance
on complex computations in proofs — culminating in the computer-assisted proof of the Four-Color Theorem (Appel
& Haken, 1976) — raised questions about whether results dependent on massive machine calculations should count as
genuine knowledge. Tymoczko (1979) argued that the Four-Color Theorem represented a new kind of proof: one that
was verifiable but not fully surveyable by human minds, thus troubling the classical conception of mathematical
understanding.

This epistemological tension lies at the heart of current debates about Al in mathematics. When machines verify or even
generate theorems, are they expanding our access to mathematical truth, or are they replacing the ideal of understanding
with a weaker notion of computational correctness?

Artificial Intelligence and the Transformation of Mathematics

The past two decades have witnessed a surge of Al applications in mathematics, taking two primary forms: formal
verification and machine-guided discovery.

. Formal verification involves encoding proofs in proof assistants like Lean, Coq, Isabelle, or HOL Light. Every
logical step is checked mechanically, ensuring that the proof is correct relative to the axioms and rules of
inference. The Flyspeck project, led by Thomas Hales, produced a fully formalised proof of the Kepler
Conijecture, previously proved only with heavy computational assistance. This milestone demonstrated that long,
complex proofs could be made entirely machine-verifiable (Hales et al., 2015).

. Machine-guided discovery uses machine learning to suggest conjectures or patterns. A landmark came in 2021,
when a team including researchers from DeepMind used Al to identify novel relationships in knot theory and
representation theory, which mathematicians then developed into rigorous results (Davies et al., 2021). Here, the
machine functioned less as a checker than as a generator of new ideas, raising the possibility that Al could
augment — or even rival — human intuition.

These achievements are not just technical. They strike at the philosophical heart of mathematics. If machines can check
proofs beyond human comprehension or generate insights that humans later confirm, what does this imply about the
nature of mathematical truth? Are we glimpsing evidence for a Platonic reality, accessible even to non-human agents? Or
are we witnessing the extension of human-created systems by powerful computational tools?

Why Al Matters Philosophically

Al forces a reconsideration of long-standing debates because it provides new cases that strain existing categories.

1.  For Platonists, Al strengthens the argument that mathematics is discovered, not invented. If humans and
machines converge on the same structures, this suggests objectivity. Just as telescopes extend human sight, Al
may extend mathematical insight into a pre-existing reality.

2. For formalists and verificationists, Al illustrates that mathematics is rule-governed symbol manipulation.
Machines excel at this, but their success shows only that consistency can be enforced at scale, not that abstract
entities exist.
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3. For nominalists, Al underscores that mathematics is a powerful fiction. Machines can manipulate formal
systems without assuming any metaphysical commitments. Their “discoveries” are reconfigurations of human-
devised frameworks.

4. For fallibilists, Al fits naturally into the picture of mathematics as evolving. Machines accelerate conjecture and
correction but do not change the essentially provisional and corrigible nature of mathematics.

Thus, Al does not resolve the metaphysical debate. Instead, it sharpens it, providing fresh evidence for each side and
raising new questions about proof, understanding and discovery.

Research Questions / Objectives
This paper is guided by three central research questions:

» Epistemological: What counts as mathematical knowledge in the age of Al? Can machine-verified or machine-
generated results be considered genuine knowledge if humans do not fully understand them?

» Ontological: Do Al’s successes provide evidence for the independent existence of mathematical entities, as Platonists
claim, or can they be explained without such commitments?

« Practical-philosophical: How should the practice of mathematics change in response to Al and what does this mean
for the future of the discipline?

The crux of this paper is that Al expands our epistemic reach in mathematics but does not by itself settle the Platonism
debate. Instead, it provides a rich set of new cases that demand philosophical interpretation. Platonism gains support from
the convergence of human and machine discoveries, but strong objections remain from formalism, nominalism and
fallibilism. The true significance of Al lies in how it forces us to rethink what we mean by proof, knowledge and discovery
in mathematics.

Al in Contemporary Mathematics — thesis, evidence and competing interpretations

Thesis. Over the past two decades artificial intelligence has altered mathematical practice in two distinct but related ways:
(1) by enabling formal verification of complex proofs through proof assistantsand (2) by generating new conjectures and
guiding discovery through machine learning. Both developments strengthen the epistemic capacity of mathematics (we
can check and explore further than before), but they cut different ways for philosophical interpretation: formal verification
tends to bolster a verificationist reading of mathematics, whereas machine-led conjecturing opens a more mixed picture
that can be read either as evidence of an independent mathematical reality or as large-scale formal manipulation that still
depends on human frameworks. This section explains the technical developments, gives concrete examples and engages
competing scholarly readings so the reader can see why Al matters for the Platonism debate. andrew.cmu.edu

Mathematical practice has long relied on symbolic systems and human judgment; Al now supplements both. One visible
strand of progress is the rise of interactive proof assistants such as Lean, Coq, Isabelle/HOL and HOL Light. These
systems let mathematicians formalise definitions and proofs so that every deduction is checked down to base axioms by

a computer. The Lean community’s library (mathlib) has grown into a large, reusable corpus of formalised mathematics,

demonstrating that substantial swathes of modern mathematics can be rendered machine-checkable (B. project papers on
mathlib). Formal verification reaches its most dramatic expression in projects that convert long, informal arguments into
fully formal proofs: Thomas Hales and collaborators completed the Flyspeck project, producing a formal, machine-
verified proof of the Kepler conjecture using HOL Light and Isabelle — a milestone showing that even historically
difficult, computation-heavy proofs can be made fully explicit and checked mechanically. These developments change
the epistemic landscape: they reduce human fallibility in verification and create records of proof that are, in principle,
inspectable by any agent that understands the formal language. leanprover-community.github.io+1

The history of computer participation in proof is older and that history matters philosophically. The Four-Color Theorem
was the first major example (Appel & Haken, 1976) in which a computer checked thousands of cases; philosophically
significant reactions followed immediately. Some philosophers and mathematicians accepted the result as a genuine
proof, while others worried about the role of empirical computation in an activity traditionally prized for humanly

surveyable argument. Thomas Tymoczko’s influential essay unpacks those concerns: the theorem challenges classical
ideas about what it is to understand a proof and it foregrounds a persistent distinction between verification (a machine
can confirm the truth) and understanding (humans making sense of why it is true). The Four-Color episode thus prefigured

later debates about machine-assisted and machine-generated mathematics: verification can be automated, but
understanding remains contested. thatmarcusfamily.org+1
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A second and newer strand is machine-guided discovery. In 2021, a multidisciplinary team reported that deep learning
methods helped identify surprising patterns in areas like knot theory and representation theory; these findings then guided
human mathematicians toward conjectures and proofs (Davies et al., 2021). The method is not mystical: neural models
scan large combinatorial spaces, surface correlations and propose candidates that humans inspect and formalize. But the
epistemic novelty is striking — machine-generated suggestions sometimes point to relationships that had not been
suspected by experts, functioning like an automated exploratory intuition. These results prompt immediate philosophical
questions: do such outputs indicate that mathematical truths “exist” independently and are merely waiting to be found, or
do they show that with enough pattern-finding power we can mechanically manufacture apparently new mathematics
from human-created data and formalisms? Critics and commentators have been measured: some argue these
breakthroughs simply amplify human creativity and require human interpretation, while others see them as a nascent form
of autonomous discovery (and thus as potential support for a realist reading). Nature+1

To weigh these options we must look at how Al actually works in practice. Proof assistants enforce rigorous logical
structure: they do not “discover” theorems by themselves in the same way a human might; rather, human users create the
definitions and strategies and the assistant enforces correctness. This strengthens a verification thesis: mathematics
becomes more secure because proofs can be checked against explicit axioms and inference rules (Avigad’s work on
mathematical method and formal verification is instructive here). By contrast, machine learning models that suggest
conjectures do so by pattern recognition across data generated by humans (papers, databases, prior theorems). The models
have no access to Platonic “truth” apart from the structure embedded in that training data; they do not “intend” or
“understand.” Thus, one plausible conclusion is that Al extends our epistemic reach (we can discover more and check

more), but it does not by itself settle the ontological question of whether mathematical objects exist independently.
math.kobe-u.ac.jp+1

Scholars diverge about the philosophical significance of these technical facts. A Platonist-friendly reading emphasizes
the independence of discovered patterns: if non-human agents repeatedly converge on the same mathematical structures,
that convergence provides evidence that those structures are objective rather than merely conventional. The analogy often
offered is that instruments (telescopes, microscopes) reveal pre-existing features of the world; Al reveals features of the
mathematical landscape. Opponents counter that Al outputs are parasitic on human-designed frameworks: neural
networks and proof assistants are trained, constrained and interpreted within languages and categories supplied by
humans, so what the machines produce may still be exhaustively explained without positing abstract mathematical entities

(a position continuous with Field’s nominalism and with formalism). Lakatos’ historical perspective — that mathematics

progresses through conjectures, refutations and reformulations — also remains powerful: Al may accelerate that process,
but it does not change its fundamentally fallible and revisable character. Cambridge University Press & Assessment+1

Finally, there is a pragmatic middle path emerging among many working mathematicians and philosophers: human-
machine collaboration. In this view, Al systems are epistemic tools that expand our capacities without automatically
adjudicating metaphysical disputes. Machines can produce reliable verifications and rich suggestions; humans supply
conceptual interpretation, contextual judgment and the normative criteria that make outputs into accepted mathematical
knowledge. Whether that accepted knowledge is best explained by Platonism, formalism, or some structural realism
remains an open question — but what is clear is that Al has changed the stakes and sharpened the arguments. The upshot
for the Platonism debate is thus ambiguous but stimulative: Al does not deliver a knockout blow to any position; instead,
it supplies new, concrete cases that philosophers must integrate into their ontologies and epistemologies. arXiv+1

Philosophical Background: Platonism and Its Alternatives

Mathematics has always invited reflection not only on its methods and results but on its very nature. What kind of
knowledge does mathematics provide? What sort of entities does it concern? And why should mathematical truths appear
so universal and necessary, even as their discovery often involves human creativity and error? In answering these
questions, philosophers have developed a range of competing positions, of which Platonism remains the most influential
and controversial. To appreciate how artificial intelligence might bear on these debates, it is essential first to survey the
major philosophical accounts of mathematics, their motivations and their challenges.

1. Platonism: Mathematics as Discovery

Platonism, or mathematical realism, is the view that mathematical entities — numbers, sets, functions, geometrical objects
— exist independently of human minds, timelessly and immutably. According to this view, mathematicians do not invent
mathematics but rather discover truths about a pre-existing reality. Plato himself, in dialogues such as the Republic and
the Meno, treats mathematics as paradigmatic of knowledge: more stable than sense perception, yet still pointing beyond
itself to the higher Forms.

In modern philosophy, Platonism has taken more precise formulations. Kurt Godel was one of its strongest 20th-century
defenders, arguing that just as physical perception gives us access to the external world, “mathematical intuition” allows
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us to grasp objective mathematical facts (Godel, 1944). Quine and Putnam’s Indispensability Argument later gave
Platonism a naturalistic basis: since mathematics is indispensable to empirical science and since we ought to believe in
the reality of entities indispensable to our best scientific theories, we should also believe in the reality of mathematical
objects (Putnam, 1971; Quine, 1980).

Platonism has intuitive force. The convergence of different mathematicians on the same theorems, the apparent objectivity
of proofsand the deep applicability of mathematics in physics all suggest that mathematics is not a mere human construct.
For Platonists, the fact that both humans and — now — machines can arrive at the same mathematical truths is further

evidence of mathematics’ independence from any particular knower.

Yet Platonism faces serious objections. One is the epistemological problem: if mathematical objects exist outside space
and time, how can we know them? Unlike physical objects, they are not perceptible. Critics argue that positing a
mysterious faculty of “intuition” is unsatisfactory. A second problem is the Benacerraf problem: there are multiple
equally good set-theoretic reductions of the natural numbers, but if numbers are supposed to be specific abstract objects,
which reduction is the “true” one? (Benacerraf, 1965). This suggests that the ontology of Platonism may be indeterminate.

Despite these challenges, Platonism remains a robust position, partly because its rivals encounter difficulties of their own.

2. Formalism: Mathematics as Symbol Manipulation

In contrast to Platonism, formalism views mathematics as a creation of human beings, consisting of formal systems in
which symbols are manipulated according to rules. For formalists such as David Hilbert, mathematics does not describe
independently existing objects but rather explores the consequences of axioms within formal frameworks.

Hilbert’s famous program, launched in the early 20th century, sought to secure the consistency of mathematics by reducing
it to a finitistic meta-mathematics. The idea was that, even if mathematical objects were not real in a metaphysical sense,
their manipulation could be justified through consistency proofs. However, Gédel's incompleteness theorems (1931)

showed that no sufficiently powerful formal system can prove its own consistency, thus undermining Hilbert’s original
hope.

Nevertheless, formalism remains attractive because it avoids metaphysical mystery. Proofs are demonstrations within
formal systems and mathematics is valuable precisely because such systems are internally consistent and useful. For some
philosophers and computer scientists, Al verification projects exemplify the formalist perspective: mathematics is what
can be formalised, encoded and checked by a machine.

The main criticism of formalism is that it struggles to explain why mathematics is so effective in science. If mathematics
is merely symbol manipulation, why should it map so well onto the natural world? Moreover, many mathematicians insist
that they are discovering truths, not merely manipulating symbols. Formalism thus seems to capture the method of
mathematics without capturing its meaning.

3. Nominalism: Mathematics Without Abstract Objects

Nominalism pushes antirealism further by denying that there are any abstract mathematical objects at all. For nominalists,
statements like “2 + 2 = 4 are not about independently existing numbers but can be reinterpreted or reconstructed in ways
that avoid commitment to such entities.

The most sophisticated version is Hartry Field’s program in Science Without Numbers (1980). Field attempts to

reformulate physical theories without quantification over abstract objects, showing that mathematics is not indispensable
but merely a useful tool. If successful, this would undercut the indispensability argument for Platonism.

Nominalism has the advantage of ontological parsimony: it avoids positing mysterious entities. However, it faces
formidable obstacles. Reconstructing science without mathematics is enormously difficultand many doubt whether it can
be done without loss of explanatory power. Furthermore, nominalism often seems to conflict with mathematical practice.
Working mathematicians treat numbers, setsand functions as if they exist; to dismiss this as fictional risks alienating
philosophical theory from lived practice.

Al adds an interesting dimension here. If machines can manipulate mathematical structures without presupposing that
they exist, this might be seen as evidence for nominalism. But the success of such manipulation in generating truths that
surprise even humans can also be read as undermining the purely fictionalist account.
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4. Logicism and Intuitionism: Alternative Foundations

Two additional positions deserve mention.

Logicism, advanced by Frege and Russell, held that mathematics reduces to logic. Numbers, for example, could be
defined as logical concepts (Frege, 1884; Russell, 1910). Logicism promised both rigor and parsimony, but it faltered due
to paradoxes in naive set theory and criticisms of its reliance on strong logical assumptions.

Intuitionism, developed by L. E. J. Brouwer, rejected classical logic (especially the law of excluded middle) and insisted
that mathematics is a mental construction. For intuitionists, mathematical truth is not discovered in an external realm but
created through human constructive activity. Proof is valid only if it is constructive, producing an explicit witness rather
than relying on non-constructive existence claims.

While intuitionism never became dominant, it anticipated concerns about proof and computability that resonate with Al

today. Proof assistants and constructive type theory have revived some of Brouwer’s ideas, suggesting that Al might not
only challenge Platonism but also revive forgotten alternatives.

5. Fallibilism: Mathematics as an Evolving Practice

A particularly influential 20th-century alternative is fallibilism, articulated most vividly by Imre Lakatos in Proofs and
Refutations (1976). For Lakatos, mathematics is not a body of eternal truths but a dynamic human activity characterised
by conjectures, attempted proofs, counterexamples and revisions. The history of mathematics shows that theorems are
often proved, refuted and reformulated, in a process analogous to scientific theory change.

Fallibilism explains why mathematical knowledge, while highly reliable, is not infallible. Even widely accepted results
can be overturned or reinterpreted. On this view, the Four-Color Theorem and Al-assisted proofs are not threats to the
essence of mathematics but natural extensions of its evolving practice. The emphasis shifts from eternal certainty to
human growth of knowledge.

Al fits comfortably within fallibilism. Machines generate conjectures and check proofs, but the human community must

still interpret, critique and integrate these results. Rather than resolving the metaphysical debate, Al underscores the social
and historical dimensions of mathematical progress.

Comparative Reflections
Each of these positions illuminates part of the mathematical enterprise but struggles to account for it fully:
. Platonism explains objectivity but faces epistemological puzzles.
. Formalism captures rule-following but cannot explain applicability.
. Nominalism avoids abstract entities but strains to account for practice.
. Logicism and Intuitionism offer alternatives but face limitations of scope and acceptance.

. Fallibilism captures dynamics but risks relativizing mathematics.

Al does not fit neatly into any of these categories. Its successes can be interpreted Platonically (machines access timeless
truths), formally (machines manipulate symbols), nominalistically (mathematics is a useful fiction processed efficiently),
or fallibilistically (Al extends our evolving practices). The challenge — and the opportunity — lies in using Al to refine,
rather than merely repeat, these philosophical categories.

Having surveyed the major philosophical accounts of mathematics, we can now better appreciate why Al is
philosophically disruptive. Each position offers a lens through which to interpret machine-generated proofs and
conjectures, yet none alone seems sufficient. Section 11 will examine in detail how Al is transforming contemporary
mathematical practice, both in formal verification and in machine-guided discovery and consider how these developments
challenge our understanding of proof, knowledge and mathematical reality.
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Evaluating the Platonist Case in Light of Al

Thesis. Advocates of Platonism argue that the success of artificial intelligence in verifying proofs and generating new
conjectures demonstrates the existence of an objective mathematical reality. If machines can identify patterns or truths
beyond the grasp of individual mathematicians, this seems to support the view that mathematics is not simply a human
construction but a body of truths awaiting discovery. Yet this conclusion is far from inevitable. Strong objections arise

from formalism, nominalism and fallibilist perspectives, all of which interpret Al’s achievements without appealing to

transcendent mathematical entities. This section critically evaluates these positions, balancing the strengths and
weaknesses of the Platonist case against alternative interpretations.

1. The Platonist Argument: Al as Independent Access to Mathematical Reality

The central Platonist claim is simple but powerful: if multiple independent methods — whether human reasoning,
machine verification, or neural networks — converge on the same mathematical truths, then those truths likely exist
independently of us. Just as telescopes reveal stars that were always there, Al can be seen as revealing structures in the
mathematical universe.

Concrete examples lend weight to this interpretation. The formal verification of the Kepler Conjecture through the
Flyspeck project (Hales et al., 2015) demonstrates that highly complex truths can be captured and confirmed by machines
once the correct framework is in place. Similarly, the DeepMind collaboration in 2021, where Al discovered unexpected
relationships in knot theory and representation theory (Davies et al., 2021), shows that machines can uncover patterns
even expert mathematicians had not anticipated. To a Platonist, these discoveries are not coincidences: they are glimpses
into a timeless landscape of mathematical truths that exist independently of human or machine cognition.

Philosophers sympathetic to this view argue that Al provides “multiple access routes” to the same truths (Colyvan, 2001).
If humans and machines, operating with very different cognitive architectures, nonetheless converge on the same results,
the hypothesis of an independent mathematical reality offers the best explanation.

2. The Verificationist Counterpoint: Machines Do Not Discover, They Check

A first objection comes from verificationism and allied formalist perspectives. Here the role of Al is understood as
enforcing internal consistency within formal systems rather than accessing an external mathematical reality. Proof
assistants such as Lean or Cog work by ensuring that each logical step follows from axioms already specified by human
designers. From this perspective, Al contributes reliability but not metaphysical insight.

Consider the Four-Color Theorem (Appel & Haken, 1976), the first proof heavily reliant on computer checking. While
it established truth in a practical sense, philosophers such as Tymoczko (1979) emphasised that human understanding
was diminished. The machine did not uncover why the theorem is true, it simply confirmed that no counterexamples exist

within the given parameters. The same is true for Al verification today: Lean does not “know” the Kepler Conjecture, it
merely ensures that each logical step adheres to predefined rules.

In this light, Platonist interpretations are unnecessary. What Al provides is not a window into an eternal realm but a
rigorous filter against error within our formal constructions.

3. Nominalist and Anti-Realist Interpretations: Human Frameworks at the Core

A more radical challenge comes from nominalism, notably defended by Hartry Field (1980). According to nominalism,
mathematics can be explained without positing the existence of abstract entities; its role is instrumental, enabling us to

describe and predict phenomena. From this standpoint, Al’s contributions merely extend human-made symbol systems.

Neural networks, for instance, work by identifying patterns in data — data that itself originates from human-defined
mathematical objects and rules. When DeepMind’s models suggested conjectures in knot theory, they were not accessing

Platonic truths but extrapolating from pre-existing human frameworks. The apparent novelty of these conjectures arises
from computational power and pattern recognition, not from an ontological connection to an abstract world.

Anti-realists further argue that attributing “discovery” to machines is a category mistake. Machines lack intentionality,
meaning, or understanding. They operate entirely within boundaries humans set. Thus, their outputs can be interpreted
entirely within a human-centered framework without requiring Platonism.
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4. Lakatosian Fallibilism: Mathematics as Evolving Practice

Imre Lakatos (1976) provides another important lens. For him, mathematics is not a static set of eternal truths but a
dynamic process of conjectures, refutations and revisions. Al fits naturally into this framework. By accelerating the
process of conjecture and correction, Al does not reveal Platonic truths but strengthens the fallibilist picture of
mathematics as a human enterprise subject to revision.

Take the DeepMind results again: their conjectures required human mathematicians to interpret, refine and eventually
prove them rigorously. In Lakatosian terms, the machine provided a conjectural stage, but the human community validated
the results through the dialectical process of proof. Far from supporting Platonism, this suggests that mathematics remains
a human-driven practice enriched by new tools.

5. A Balanced Assessment: Epistemic Value Without Ontological Commitment

The debate turns on whether Al’s successes require ontological commitment to abstract entities. The indispensability
argument (Quine & Putnam) suggests we should believe in mathematical entities because they are essential to science.
Platonists extend this to Al: if Al can independently uncover truths vital to science and mathematics, we have additional
reason to posit their reality.

Yet, as critics emphasise, indispensability may justify the use of mathematics without justifying belief in mathematical
objects. Al’s role can be interpreted pragmatically: machines provide us with new ways of managing complexity,

extending human reasoning and generating reliable results — all without assuming that mathematical truths exist
independently of us.

A middle ground, sometimes called structural realism, offers a compromise. According to this view, what Al reveals
are not timeless objects but stable structures or relationships that emerge across different systems. These structures may
be real in some sense, but they need not entail the full Platonist ontology of eternal, mind-independent objects.

Al as a Test Case, Not a Final Verdict

The arrival of Al in mathematics has revitalised philosophical debates. For Platonists, it strengthens the case that
mathematics is discovered, not invented: machines converge on truths in ways that suggest an objective reality. For
formalists and nominalists, it highlights the power of symbol manipulation and verification without ontological
commitments. For fallibilists, it exemplifies the evolving, corrigible nature of mathematical practice.

The most reasonable conclusion is that Al does not settle the Platonism debate. Instead, it provides a new test case that
sharpens arguments on both sides. Platonists can point to convergence and novelty; anti-realists can emphasise
dependence on human frameworks and lack of machine understanding. What is undeniable is that Al has expanded our
epistemic reach. Whether this epistemic expansion implies metaphysical commitment remains an open question — one
that future philosophy of mathematics must continue to grapple with.

Al in mathematics is no longer a speculative possibility but a practical reality, influencing how proofs are written, verified
and discovered. These changes raise profound questions about the ontology and epistemology of mathematics,
particularly concerning Platonism. Does Al lend support to the idea that mathematics exists independently of human

minds, or can its achievements be explained through alternative frameworks? Section IV will examine this question
directly, weighing the Platonist case against objections from formalism, nominalism and fallibilism.

Comparative Assessment of Positions
Evaluating the Platonist claim in light of Al requires a careful comparative assessment:

1.  Strengths of Platonism:
° Al convergence with humans supports the objectivity of mathematics.
° Machine-generated conjectures reveal patterns beyond unaided human insight.

° Formal verification shows that truths are independent of individual fallibility.
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2. Limitations and Challenges:
° Al is embedded in human-designed frameworks; outputs depend on formal rules and datasets.
° Verification ensures correctness, not comprehension; discovery may require human interpretation.

° Alternative frameworks — formalism, nominalism, fallibilism — account for Al’s success without
positing independent entities.

3. Implications:
° Platonism gains epistemic plausibility, but its ontological claim remains contested.
° Al shifts the discussion from human cognition to institutional and technological capacities.

° Philosophers may need a hybrid perspective, recognising both the objective aspects revealed by Al
and the human frameworks that make interpretation possible.

Epistemological and Ontological Considerations
Al also challenges traditional notions of knowledge and proof.

. Epistemic access: Can humans claim to know a theorem if the proof is too complex for unaided comprehension,
yet verified by Al? The Platonist might argue that knowledge is independent of comprehension, while fallibilists
might contend that understanding remains essential.

. Objectivity and independence: Al convergence across agents strengthens claims of objectivity, but reliance on
formal systems complicates the argument for ontological independence. Is Al revealing a pre-existing realm of
mathematical entities, or merely extending human-made symbolic manipulations?

. The role of intentionality: Machines lack intentionality and understanding. While they can identify patterns
and verify proofs, meaning and significance remain human judgments. This limits the extent to which Al alone
can support Platonism.

These considerations suggest that Al’s philosophical significance is profound but nuanced: it expands our epistemic reach
while leaving ontological debates unresolved.

Toward a Balanced Conclusion

In light of Al's transformative role in mathematics, the Platonist case is strengthened but not conclusively proven. The

convergence of human and machine reasoning and the generation of novel conjectures, lends credibility to the idea that
mathematical truths exist independently. However, alternative frameworks — formalism, nominalism and fallibilism —
provide plausible accounts of the same phenomena. Al demonstrates that mathematical knowledge is not purely a product
of human insight, but it does not necessitate a commitment to abstract entities.

A balanced assessment acknowledges the epistemic achievements of Al while remaining cautious about ontological
claims. Platonism is one interpretive lens among several, useful for explaining objectivity and convergence, but it cannot
be considered definitively validated by Al alone. Rather, Al provides a rich empirical case that tests philosophical
theories, prompting renewed reflection on the nature of proof, discoveryand mathematical reality.

Conclusion

The interplay between philosophy, mathematics and artificial intelligence has opened new avenues for understanding the
nature of mathematical knowledge, proof and discovery. Over centuries, philosophers have debated whether mathematics
is a realm of independent entities, a system of human-made symbol or a dynamic practice evolving through conjecture
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and refutation. Platonism, with its claim that mathematical truths exist objectively and timelessly, has long dominated
these debates, yet alternative frameworks—formalism, nominalism, intuitionism and fallibilism—offer compelling
counterpoints. The rise of Al, however, has transformed this discourse, providing novel empirical cases that challenge
traditional assumptions and demand reinterpretation of foundational questions.

Al’s contributions to mathematics are multifaceted. Through formal verification, machines ensure the correctness of

complex proofs, sometimes beyond human comprehension, as exemplified by the Flyspeck project and formalised
developments in arithmetic geometry. Through computer-assisted proofs, Al has enabled verification of results
previously inaccessible to unaided human reasoning, such as the Four-Colour Theorem. In machine-guided discovery,
Al systems suggest new conjectures and identify patterns that stimulate human investigation, as seen in recent
breakthroughs in knot theory and representation theory. Collectively, these achievements extend the epistemic reach of
mathematics, accelerating discovery and verification, while also complicating traditional notions of understanding,
explanation and proof.

The Platonist interpretation of these developments is intuitively appealing. The convergence of humans and machines on
the same mathematical truths suggests that such truths exist independently of particular knowers, supporting the idea of

objective, mind-independent reality. Al’s ability to uncover previously unknown structures can be read as revealing an

underlying mathematical world that is accessible to diverse epistemic agents. Yet this conclusion is not unambiguous.
Formalism interprets Al success as a testament to the power of rule-based symbol manipulation; nominalism frames Al
outputs as the product of human-designed frameworks without requiring ontological commitments; and fallibilism
situates Al within the evolving historical practice of mathematics, emphasising iterative refinement rather than discovery
of eternal truths.

The philosophical significance of Al in mathematics is therefore both profound and nuanced. Al challenges the traditional
boundary between human cognition and mathematical truth, demonstrating that verification and discovery can extend
beyond the limits of individual understanding. Yet it also underscores that meaning, significance and interpretation remain
fundamentally human endeavours. Machines can process, suggest and verify, but they do not confer comprehension; they
amplify epistemic capabilities without resolving ontological debates.

From a broader perspective, Al prompts a reconsideration of what it means to know, prove and discover in mathematics.
It raises questions about epistemic authority, trust and the evolving nature of mathematical practice. If proofs can be
verified computationally but not fully surveyed by any human, should the standards for understanding be redefined? If
conjectures can be proposed by machines, how should mathematicians assess creativity and insight? These questions
highlight the ongoing interplay between technology and philosophy, showing that developments in Al are not merely
instrumental but deeply conceptual.

In conclusion, Al provides strong epistemic support for Platonism in that it demonstrates the convergence of independent
agents on consistent mathematical truths and reveals patterns that suggest objectivity. However, the ontological claim
that mathematical entities exist independently remains philosophically contested. Alternative frameworks offer equally

plausible explanations for Al’s achievements, emphasising formal consistency, human-designed structures and historical

evolution. Rather than providing definitive proof for any one philosophical position, Al enriches the discourse, offering
empirical fodder for testing, refining and expanding our understanding of mathematics.

Ultimately, the intersection of Al, mathematics and philosophy represents a transformative moment in intellectual history.
It challenges us to rethink classical assumptions, integrate computational methods with conceptual inquiry and recognise
that the future of mathematics will be shaped by both human ingenuity and artificial intelligence. The dialogue between
human and machine, theory and practice, discovery and verification, reveals not only new mathematical truths but also
new ways of thinking about the very nature of mathematical knowledge. By navigating this terrain thoughtfully,
philosophers and mathematicians can deepen their understanding of mathematics as both an abstract reality and a dynamic
human endeavour, poised at the frontier of technology and reason.
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