
AI for Mathematics 
Research and Education

Jeremy Avigad
Carnegie Mellon University



New Technologies for Mathematics

New reasoning technologies:

• interactive theorem proving and 
formalization

• automated reasoning and symbolic AI

• machine learning and neural AI

Call these, collectively, “AI for Mathematics.”

All three come together in neurosymbolic 
theorem proving.



Overview

AI for mathematics research:

• interactive theorem proving

• automated reasoning and 
symbolic AI

• machine learning and neural AI

• neurosymbolic theorem provers

AI for mathematics education:

• how AI will change mathematics

• how AI will change everything

• what we need to teach our 
children

• how to teach with AI



Interactive Theorem Proving and 
Formalization



Interactive Theorem Proving and Formalization

In the early 20th century, logicians developed formal axiomatic systems for 
mathematics.

It soon became clear that these systems were expressive enough to formalize 
most mathematics, in principle.

In the early 1970s, the first proof assistants made it possible to formalize and 
verify proofs in practice.

Today, the practice is known as interactive theorem proving. Working with a 
proof assistant, users construct formal definitions and proofs















Automated Reasoning and 
Symbolic AI



Automated Reasoning and Symbolic AI

Even before computers were invented, logicians were interested in 
algorithmic procedures to

• decide the truth of mathematical statements, and

• search for proofs.

The first automated provers appeared in the 1950s and 1960s.

Now we have

• first-order provers,

• SAT solvers, and

• SMT solvers.



SAT Solvers

A formula in propositional logic (like P∨Q →Q∧R) is true or false depending on 
the truth assignments to the variables.

A satisfiability solver determines whether a formula has a satisfying 
assignment.

Modern SAT solvers can decide industrial formulas with tens of millions of 
variables and hundreds of millions of clauses, often in minutes.

Recipe for mathematics:

• Encode / reduce a problem to a SAT problem.

• Use a SAT solver.









First- and Higher-Order Theorem Provers

The question as to whether a statement is provable from some hypotheses in 
first-order logic is equivalent to the halting problem.

The best one can do is to design a complete proof search.

There are several such systems available.









Machine Learning and Neural AI



Machine Learning

Key approaches:

• Supervised learning: the system is presented with (input, output) pairs, and 
learns a rule connecting them.

• Unsupervised learning: the system is presented with data, and learns some 
sort of structure.

• Reinforcement learning: the system acts in a space and is rewarded 
accordingly; it learns to maximize rewards.

Models can be very simple (linear regression, decision trees) to very complex 
(neural networks).



Machine Learning and Neural AI

There are several things that machine learning and neural networks can do:

• extract intuitions and detect patterns in data

• compute solutions to PDEs

• construct algebraic expressions

• construct combinatorial objects



Machine Learning and Neural AI

Intuitions from data mining: 

• knot invariants

• representation theory

• murmurations







Machine Learning and Neural AI

Physics-informed neural networks (PINNs) can optimize parameters with 
respect to an objective function and constraints expressed in terms of PDEs.

In particular,  they can compute approximate solutions to PDEs, and search for 
regions and parameter settings of interest.







Machine Learning and Neural AI

Neural networks can construct algebraic and combinatorial objects:

• antiderivatives

• Lyapunov functions

• rewrite sequences in presented groups

• counterexamples in graph theory

• extremal combinatorial objects









Neurosymbolic Theorem Proving







Neurosymbolic Theorem Proving

• AlphaProof / AlphaGeometry earn silver medal score on 2024 IMO.

• Four systems achieve gold medal score on 2025 IMO (two formal, two 
informal).

• Several open-source provers are available for Lean: DeepSeek, Kimina, 
Goedel Prover, …

• Code pilots like Claude Sonnet are helpful with formalization.

• Corporate models (OpenAI, Google) are becoming good at informal 
mathematics.

• Autoformalizers and provers made available to mathematicians: Aristotle 
(Harmonic), AlphaProof (Google DeepMind), Gauss (Math Inc.).









Overview



Overview

AI for mathematics research:

• interactive theorem proving

• automated reasoning and 
symbolic AI

• machine learning and neural AI

• neurosymbolic theorem provers
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• how AI will change mathematics

• how AI will change everything

• what we need to teach our 
children

• how to teach with AI



How AI Will Change Mathematics



Changes to Mathematical Practice

We have always been proud of the fact that mathematics relies on pure 
thought.

How will the experience of doing mathematics change?

We are proud of our ability to:

• construct complex, rigorous arguments

• detect subtle patterns and connections

What will happen when AI can do these better than we can?



Access to Research Mathematics

We don’t need

• expensive hardware

• large budgets

• project managers

What happens if/when mathematics requires acquiring and managing 
resources?

Will this limit access to mathematical research?



The Role of Industry

Several big-tech companies and startups are working on AI for math:

• applications to coding

• applications to finance

• applications to science, engineering, and modeling

• applications to other things

• advertisement and PR

They are very good at what they do.

The goals are not necessarily aligned with research mathematics.



Access to Mathematics

New technologies offer new opportunities for learning:

• interactive systems with correction and feedback

• online communities and social media

Experience shows that taking advantage of them requires:

• money: computing resources, schools, after-school and summer activities

• connections: parents, teachers, mentors who know how to take advantage 
of the technologies

Will technology lead to greater democratization or greater disparities?



How AI Will Change Everything



The Effects of AI on Cognition

Students are using corporate models to do their homework.

It’s generally easier to ask ChatGPT or Gemini to solve a problem than to do it 
ourselves.

How will this impact their lives?



The Effects of AI on Cognition

Compare to concerns about the effects of:

• iPhones and social media

• video games

• computers

• calculators

• television

Is the reliance on AI qualitatively different?



Reliability and Transparency

Generally, when we ask AI a question, we want the answer to be

• reliable,

• aligned with our interests,

• likely to help us achieve our goals.

We worry about:

• safety and security

• values and morals.

Mathematics can provide us with reasons, justification, and explanation.



Agency

Being rational is an important part of our identity.

This involves the ability to make decisions by reasoning and deliberating, alone 
and with others.

If we are not careful, AI will take us out of the deliberative process: we ask a 
question, and we get an answer.



Agency

The solution is to make AI part of our deliberative process.

We should ask for explanations and reasons, process these ourselves, and ask 
more questions.

Mathematics provides a language for precise reasoning and deliberation; 
that’s what it was made for.

See my essay, “Is Mathematics Obsolete?”

(The answer is no. Mathematics is as important as ever.)



Summary

We need to think about:

• how AI affects our cognition

• how to keep AI reliable and safe

• how to make sure that AI serves our purposes



What We Need to Teach 
Our Children



The Value of Mathematics

Two reasons to teach children mathematics:

• It’s meaningful to them.

• It’s useful to them.

Mathematics is: 

• an art

• a humanity

• a science



The Aesthetic of Mathematics

There is a strong aesthetic component to mathematics.

It’s also a tradition that stretches back to antiquity.

Precise language and abstraction are fundamental to how to make sense of 
the world, and how we communicate with one another.

New computing technologies for mathematics challenge us to think about why 
mathematics is important to us, and what role we have to play going forward.



The Practical Side of Mathematics 

Mathematics is fundamental to 

• science and technology

• engineering and industry

• finance

• economics and policy

New reasoning technologies can do many of the things we used to do.

We need to think about what roles our children will play in the future.



Teaching with AI



Teaching AI for Mathematics

Two aspects:

• Teaching students how to use AI to do mathematics.

• Using AI to teach mathematics.

The first is easier:

• Several in the Lean community have taught courses on interactive theorem 
proving.

• Marijn Heule and I have taught a course, Logic and Mechanized Reasoning.

• I don’t yet know of courses that teach students to use machine learning to 
solve math problems.











Using AI to Teach Mathematics

Using AI to teach mathematics is harder.

• The technology can become the focus, distracting from mathematics.

• Students may rely on AI, rather than learning.

• AI versions of skills may not transfer.

Positives:

• Interaction allows students to try things and see what happens.

• There is constant feedback and correction.

• There are online user communities.

• Students enjoy it and are engaged.









Teaching with AI

We’re in the Wild West.

We need collaborations between:

• mathematicians,

• computer scientists,

• educators,

• education researchers,

• and more.



icarm.io



A New Institute

The Institute for Computer-Aided Reasoning in Mathematics (ICARM) is a pilot 
NSF MSRI on the campus of Carnegie Mellon University.

Its mission is to

• empower mathematicians to take advantage of new technologies for 
mathematical reasoning and keep mathematics central to everything we do;

• unite mathematicians of all kinds, computer scientists, students, and 
researchers to achieve that goal; and

• ensure that mathematics and the new technologies are accessible to 
everyone.



Conclusions



Conclusions

AI will change:

• the way we do mathematics

• the way we do everything

We need to think about:

• why we do mathematics

• what we need to teach our children

• how to do it

It’s an exciting time for mathematics, but we need to be careful.


