
Conclusions
- Overall Performance: reasoning models struggle, hovering 

around 50-60% accuracy.
- Non-reasoning models perform significantly worse (<10% on 

many categories).
- Specific Weaknesses: Models are weakest on Nonlinear 

PDEs (requires physical ansatz selection) and Boundary 
Layers (requires matching inner/outer solutions).
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Why HARDMath2? Model Performance
- SOTA math benchmarks focus on exact solutions or formal proofs
- Physics and engineering mathematical problems rely on approximations, 

asymptotics, and perturbation methods that are underrepresented in 
current evaluations

We provide:
- 211 original graduate-level applied math problems across 5+ domains, 

targeting approximation reasoning & asymptotic methods
- A custom evaluation framework that avoids LLM-as-a-judge 
- Unique pedagogical approach combining benchmark creation & education

The HARDMath2 Dataset

Pedagogical Approach
- Built by students as part of a Harvard graduate applied math class
- Homework involved creating problems that SOTA models could not solve 
- Students’ problems were evaluated by custom Google Sheet integration, 

giving real-time feedback on problem difficulty
- Peer verification for correctness of solutions
- By competing against models, students identified critical failure modes 

Evaluation Scheme
- HARDMath2 implements a custom LaTeX to SymPy parser 

to avoid LLM-as-a-judge
- Numerical evaluation accommodates equivalent forms of 

expressions without needing symbolic simplification
- Model and reference solutions evaluated numerically and 

compared to determine equivalence up to some tolerance
- Problems judged based on equivalence to ground-truth 

solution without subjective partial credit scores

Common Failure Modes
- Incorrect dominant balances 
- Solving to a different asymptotic order than specified
- Not fully solving the problem by leaving off key matching 

steps to get final answer (see below sample)
- Failure to follow formatting guidelines
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