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Is this a difficult problem?

Let Ω and Γ be circles with centres M and N, respectively, such
that the radius of Ω is less than the radius of Γ. Suppose circles Ω
and Γ intersect at two distinct points A and B. Line MN intersects
Ω at C and Γ at D, such that points C, M and N lie on the line in
that order. Let P be the circumcentre of triangle ACD. Line AP
intersects Ω again at E , A . Line AP intersects Γ again at F , A .
Let H be the orthocentre of triangle PMN.

Prove that the line through H parallel to AP is tangent to the
circumcircle of triangle BEF . (The orthocentre of a triangle is the
point of intersection of its altitudes.)

Who cares?

This is Problem 2 of the International Mathematical Olympiad 2025. :-)
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Problem types of the IMO

Proofs problems
Year Country Problems in Euclidean geometry
2014 South Africa 6 2
2015 Thailand 6 2
2016 Hong Kong 6 1
2017 Brazil 6 1
2018 Romania 6 2
2019 UK 6 2
2020 Russia 6 1
2021 Russia 6 2
2022 Norway 6 1
2023 Japan 6 2
2024 UK 6 1
2025 Australia 6 1
2026 China ? ?
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Aren’t we banging on open doors?
AI can already win a gold medal at IMO since 2025!
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Yes, but. . .
All that “large” AI systems (with or without verification/refinement)
can do is
▶ a black box for most users (perhaps nobody really knows how

it works, why it actually works)
▶ non-deterministic for most users (you never get exactly the

same answer again)
▶ unreliable (sometimes it’s wonderful, sometimes it’s okay, but

sometimes you get garbage)
▶ dependent on available resources (what if there is not enough

RAM, not enough nodes in the supercomputer?)
▶ dependent on software and version (what if a new version

does not support your favorite topic anymore?)

→ Proving anyway requires
a reproducible and affordable workflow!
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How to identify. . .
. . .suitable problems for contests, test papers, exams?

▶ Manual check (by humans) – biased
▶ Machine check (with algorithms) – unbiased*

→ Algorithms must implement a ranking standard !

(It has to be invented — by humans!)

*less biased
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Software mentioned in this presentation

▶ GeoGebra, a free dynamic mathematics software with
educational concept in mind (maintained in Linz)

▶ GeoGebra Discovery, a fork of GeoGebra, with focus on
automated geometry reasoning (maintained in Linz and
Madrid, by the authors)

▶ AI chatbots with partial automated reasoning capabilities,
here in particular ChatGPT (developed by OpenAI)

▶ Computer-algebra systems like Mathematica (by Wolfram),
Maple (by Maplesoft) and Giac (by Univ. of Grenoble II)

▶ Java Geometry Expert, a free dynamic geometry software
with educational concept and focus on automated proofs
(maintained by ADG Foundation)
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Focused features of the mentioned software tools
GeoGebra Discovery, ShowProof and DescribeStatement commands

▶ User input:
▶ a step-by-step construction created using intuitive GeoGebra

tools (widely used in many high schools) — the hypotheses
▶ a geometric statement (e.g. parallelism, perpendicularity, an

algebraic formula) to prove — the thesis
▶ Output:

▶ A certified step-by-step algebraic proof which assumes some
non-degeneracy conditions as extra hypotheses

▶ Complexity grade of planar geometry theorems
▶ Exportable proof to Mathematica, Maple, and Giac

formats for further analysis
▶ Exportable statement in textual format (in various human

languages)
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Focused features of the mentioned software tools
Java Geometry Expert, Geometry Database Deduction Method

▶ User input:
▶ a hypotheses + thesis in GeoGebra format

▶ Output:
▶ A syntetic proof
▶ Complexity grade measured via proof graph properties

(number of vertices, edges)
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Focused features of the mentioned software tools
ChatGPT

▶ User input:
▶ hypotheses + thesis in JGEX format

▶ Output:
▶ A textual proof (unreliable, non-deterministic, black box)
▶ Complexity grade measured via properties of the text output

(e.g. character length)
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Focused features of the mentioned software tools
ChatGPT

▶ Pros:
▶ Appropriate ideas (good matches with textbooks methods)
▶ Correct numerical and symbolic computations (reliable

connections to mathematics software)
▶ Cons:

▶ The whole picture may be incomplete or wrong
▶ Personalized context is difficult to set up (“I am an Austrian

student with a strong algebraic background but poor geometric
understanding with a limitation to know only the Pythagorean
theorem, and I know nothing about projective planes, etc., can
you still help me proving Desargues’s theorem?”)

▶ Circular proofs and other “surprises”
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Focused features of the mentioned software tools
Mathematica, Maple and Giac

▶ User input:
▶ An algebraic computation

f1 · h1 + . . .+ fr · hr + fr+1 · (hr+1 · z1 − 1) + fr+2 · (t · z2 − 1) = 1
that corresponds to a proof by contradiction, written in the
input language of the software tool (by )

▶ Output:
▶ 1 = 0 if the proof is certified successfully
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Example 1: The midline theorem
GeoGebra Discovery, ShowProof command
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Example 1: The midline theorem
Java Geometry Expert, Geometric Deductive Database Method
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Example 2: Euler’s line
GeoGebra Discovery, ShowProof command
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“Human” complexity
Based on interviews with a limited number of students and teachers

▶ Interviewing 11 high school students (age 18) with focus on
mathematics: Personal opinions on difficulty of 16 theorems,
Szeged, Hungary, 2025 (Kerekes, K.)

▶ Master students in mathematics education from the
Pontifical Catholic University of São Paulo, Brazil, 2025
(Abar, Vieira, R.)

▶ Master students in training teacher of secondary education
(mathematics), Rey Juan Carlos University,
Madrid, Spain, 2025 (T., R.)

▶ In-service mathematics teachers, workshop at V. Day of
GeoGebra, Cuenca, Spain 2024 (R.)
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Comparison of difficulty of 14 classroom problems
Szeged (2025)

Theorem Ca Cg Ch

Thales’ � thm 4 13 2.1
Converse of Thales’ � thm 4 13 2.1
Midline thm 2 10
Intercept thm 7 8 3.4
Theorem of inscr. ∠ in a � 7 3.2
∠ of cyclic quadrilaterals 3.2
Rel. betw. inscr. ∠ and ∠ at the ⊙ 3.2
Tangent-secant thm 6 16 3.8
Wallace-Simson thm 16 53 4.8
Euler’s line 7 120 5.4
9-point � 18 94 5
Circumcenter of a △ 2 25
Barycenter of a △ 5 43
Apollonius’ thm 7 3.2
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Comparison of difficulty of 10 classroom problems
Cuenca, Madrid, São Paulo (2024–2025) — difficulty estimation also before proof attempt

1. Thales’ Second Theorem: given two points A , B and point C on the circle with
diameter AB, prove that AC and CB are perpendicular.

2. Prove that two lines parallel to a third one, are parallel to each other.

3. Given a line and a point outside it, prove that only one parallel line passes through
that point.

4. Prove that if D is the point of intersection of two altitudes of any triangle, then D also
belongs to the third altitude.

5. If D is the point of intersection of two perpendicular bisectors on the sides of a
triangle, then D also belongs to the third perpendicular bisector.

6. The segments formed by the intersection of two parallel lines cut by two secant lines
are proportional (according to Thales’ Theorem).

7. Each cathetus (leg) is the geometric mean between the hypotenuse and its
projection onto it.

8. The height relative to the hypotenuse is the geometric mean between the projections
of the two catheti (legs) in a right triangle.

9. Prove that the line that passes through the midpoints of two sides of a triangle is
parallel to the other side.

10. Prove that in a right triangle the square of the hypotenuse is equal to the sum of the
squares of the catheti (legs) (Pythagoras).
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Correlation among different approaches of complexity
Pearson’s r (−1 ≤ r ≤ 1, inverse correlation – no correlation – positive correlation)

algebraic

0.58
∼ geometric 0.84

∼ human −0.07
∼ AI

What?! :-O
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How is it possible that the difficulty corresponding to the length of
AI’s answer does not correlate with sophisticated machine

algorithms or human intuition?

Possible answers:
▶ Wrong, incomplete or insufficient data.

(Too small sample?)
▶ AI “thinks” it knows the solution and tends to explain it in a

standard-length format. . .
▶ AI usually does not say: “I don’t know”.

It tries its best — by attempting to turn
“treasures from the trash heap” into a first-class meal. . .

Oversimplified answer:
▶ AI is not reliable (at least in this manner)
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Focused features of the mentioned software tools
ChatGPT, second approach with more accurate input

▶ User input:
▶ hypotheses + thesis in DescribeStatement format

▶ Output:
▶ A textual proof (more reliable)
▶ Complexity grade measured

via character length of the text output
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Correlation among different approaches of complexity
Second attempt with more rigorous input, via DescribeStatement

algebraic 0.41
∼ AI

geometric 0.37
∼ AI

human 0.50
∼ AI

→ moderate correlation after refinement
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What did we learn from this project?

▶ Using AI is nice, but human checking of its answer is a must.
▶ Verification and refinement seems to require

human assistance. Automating the automation seems to
require human creativity.

▶ Forcing the human user to enter more detailed input can be
crucial to obtain more reliable output.

▶ Forcing AI to use strong formalized output may be the next
step to double-check the proofs it produces.
(Double-checking should be performed with another system.)

▶ A first-round check of difficulty of a geometry problem via AI
can be a good approximation, but a second check with a white
box algorithm still seems necessary.

▶ It is mandatory to continue developing
simple and verifiable methods to make it possible to
double-check the results obtained via AI.
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“People constantly try to offload their thinking,
yet they never fully succeed.

It seems we’re simply designed to keep thinking.”

— A Human But Forgotten Author
(AI does not find the quotation source, sorry)
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Ariño-Morera, B., Kovács, Z., Recio, T., Tolmos, P.: “Solving with GeoGebra Discovery
an Austrian mathematics olympiad problem: Lessons learned”. In: Quaresma, P.,
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