
The HARDMath Dataset
Problem: existing benchmarks lack graduate-level applied math!
We provide:
➔ 1426 graduate-level applied math problems across 6 domains, 

targeting approximation reasoning & asymptotic methods
➔ An algorithmic framework that generates questions and 

solutions with quality guarantees

HARDMath dataset composition

Why HARDMath? Scientific Research!

Example of a classic problem in fluid mechanics - 
boundary layer theory1

Analytically solving classical fluid mechanics problems such as the 
one above requires a combination of different problem types and 
problem-solving methods included in the HARDMath dataset, like 
nondimensionalization, ODEs, and dominant balance.
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Dataset Generation

➔ Parameter combination checks ensure generating unique problems
➔ Leveraging SymPy and SciPy to perform the calculations required to 

derive our approximate, analytical solutions
➔ Checking against numerical solver “ground-truth” results ensures 

correctness of analytical approximation provided in the solution

➔ Performance on HARDMath is much worse than widely used 
math benchmarks under comparable prompting conditions, 
even with partial credit

➔ Offers new opportunities for evaluation and model development 

Evaluation

Evaluation accuracy (percentage) on HARDMath-mini

Performance comparison to widely used benchmarks

➔ Answer + procedural grading with LLM grader and rubrics
➔ Evaluations on frontier models including STEM-optimized o1
➔ Detailed few-shot performance behavior and error analysis

Performance gain from few-shot CoT prompting is model size and problem type dependent: the more challenging 
type ODE shows minimal performance increase after few-shot CoT

Error Analysis Example error composition analysis for Polynomial Roots problems

GPT-4 0 shot CoT error composition GPT-4 5 shot CoT error composition
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➔ Few-shot CoT prompting increases 
model performance by changing 
correct-partial compositions

➔ Highly dependent on model and 
problem types 


