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Motivation

Proof assistants enable machine-checkable verification, but they have a steep
learning curve.

Natural-language co-reasoning system: a proof assistant that users interact
with entirely in natural language, submitting incomplete or incorrect proofs
and receiving formally verified feedback.

Co-reasoning agent
(hidden from user)

Informalizer
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Students naturally write exploratory, incomplete, and incorrect proofs, making
education an ideal testbed.

Desiderata

We identify five desiderata for an natural-language co-reasoning system:

1. Faithfulness: the formal proof accurately reflects the structure and
semantics of the natural-language proof provided as input.

2. Accuracy: The system provides mathematically correct feedback.

3. Appropriate granularity: Lean requires finer-grained proofs than humans
write. The system should match the user’s granularity level.

4. Transparency: Users can understand the system’s state without reading
formal code.

5. Incremental editability: Local changes to a proof induce only local changes
to its formalization.

Faithfulness Metric

Non-Dilution
Did the autoformalizer refrain from

adding anything the user didn’t
include?

Information Preservation

Did the autoformalizer retain
everything that the user included?

# matched Lean steps

# Lean steps
Higher is better (1.0 = nothing added).

# matched User steps
# User steps
Higher is better (1.0 = nothing omitted).

P =

ND =

1. User steps: declarations and assertions.
2. Lean steps: (1) theorems/lemmas (2) sub-claims (have) (3) each tactic state

3. Matching: informalize the Lean step; an LLM judges whether it expresses
the same mathematical claim as the user step.

Appropriate Granularity

A system can have misaligned granularity in two ways:

» Too strict: requires users to provide unnecessary intermediate steps.
= Too permissive (our focus): accepts large unsupported reasoning jumps.

Granularity detector

If the Lean proof corresponding to a claim “covers” 2 or more rubric items then
our system considers that step as having a reasoning jump.

Method for granularity evaluation: grading

To measure how well this works in detecting large reasoning jumps. we grade
a students proof in two ways:

1. Without granularity detector: credit for all the claims that the user made

2. With granularity detector: withhold credit for unsupported reasoning
jumps.

Since humans naturally detect large jumps and deduct points for it in the pro-
cess of grading, we measure granularity by the improvement in agreement (A)
with human grades as compared to a baseline (without granularity detection):

A = Agranularity — Abaseline (higher is better)

We recognize that this is a proxy measure

Al for Math Workshop, ICML 2026

Interface

Question

Let A € 8™ (i.e., the set of n X n symmetric matrices) and (A1, v1), (A2, v2) A1 # A2 be distinct eigenpairs of A where v1 # 0 and v2 # 0. Verify Proof Submit Assignment

— T — . . H H H >
Show that v; vy = 0, i.e., eigenspaces corresponding to distinct eigenvalues are mutually orthogonal.

LeanTutor Compiler
All steps are verified, but there was an error in completing the proof.

@ Assumption Introduction
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T Aiy = T Ay = AptiTiis

as Us is an eigenvector of A.
® Claim1:

vy - (Avy) = vy - (Avs)

See Lean Code »

Error:

The proof fails because you haven't yet applied the symmetry of matrix A to rearrange the dot product, which is necessary to link the

expression to the eigenvalue property of v;. » Assumptions used:

See Lean Error
This is what | meant ¥ This is not what | meant

@ Claim 2:
vy - (Ava) = vy - (Aov2)

See Lean Code »
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» Assumptions used:

This is what | meant ¥ This is not what | meant

@® Claim 3:
vy - (Aqva) = Ag(vq - v2)

_eft panel: student-written proof (transcribed from handwriting via Image-to-
LaTeX) with feedback on its correctness & completeness. Right panel: the
LeanTutor Compiler’s informalization of each formalized step.

Autoformalization Architecture

~

Proof of Step 2 lemma

lemma step_2 (M : R) (hM : M =
s.sup' hs (fun 1 => |x i])): 3 j €
N Lemma s, M= |x j| := by
Prover Proof_filled_in ]
-

Proof of Step 4 lemma

s

Free-form NL proof | | Disambiguated NL proof | | Lean statements with sorry

Let M = ||x]||_= set M := s.sup' hs (fun 1 => |x i]|)
Let M = ||x]||_e with hM

lemma step_4 (M : R) (hM : M =

L s.sup' hs (fun 1 => |x i])) (S : R)
N emma (hS : S=3y1ies, |x1i]) :|x j| s
Prover S = by .
-

M = |x_j| for some index j

lemma step_2 (M : R) (hM : M =
s.sup' hs (fun i1 => [x i])): 3 j € o
s, M = |x j| := by sorry

proof_filled_1in

Let S = ||x]|]|_1 M = |x_j| for some index j

Ix_3] = s set S :=Y1ies, |x i

J | Let s = ||x||_1

lemma step_ 4 (M : R) (hM : M = Complete proof

s.sup' hs (fun i => |x i|)) (S : R) | |

Ix_j| =S (hs : s=31ie€es, [xi]) :[x j| = set M := s.sup' hs (fun i => |x 1i|)
J | S := by sorry with hx

N

obtain (j, hj, hjeq) := step_2 M hM

- Proof
» assembler set S := 2 i€ s, |)( 1'_| with hS

have h4 : |[x j| =S := step_4 M j

= Pre-processor: Decomposes the proof into declaration and assertion steps
» Proof Scaffolder: Converts each assertion into a Lean scaffold lemma

 Lemma Prover: Proves each scaffold lemma

Assembler: Combines the proved scaffold lemmas into a complete proof

Evaluation

100 proofs (10 problems with 10 student solutions each) drawn from home-
work in EECS 127, an upper-division linear algebra course at UC Berkeley

Faithfulness

Info. Preservation Non-Dilution

Lemmas 0.719 0.793
Sub-claims 0.763 0.405
Tactic states 0.410 0.104

Table 1. Info. preservation and non-dilution across Lean step types (lemmas, sub-claims, tactic states)

Finer units capture more content (high info. preservation) but introduce more
scaffolding not present in the user’s proof (low non-dilution).

Granularity

= 50 student submissions for 1 problem, human graded on a 7-item rubric

Agreement with Granularity detector Agreement without Granularity detector
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Figure 1. Per-rubric-item agreement between our system and human graders. Each bar shows the fraction of
submissions where the system exactly matched (green), over-credited (red), or under-credited (blue) the human
grade

Granularity detection improves human agreement by reducing over-crediting

= with granularity detector: 62.1% total agreement with human (Agranyiarity)
= without granularity detector: 57.1% (Apaseline)
* A =+5.0%
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