New benchmark reveals AI struggles with advanced mathematics
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Artificial intelligence has rapidly advanced in various domains, demonstrating its capabilities in generating text, recognising images, and automating processes. However, recent research indicates that AI technologies are struggling to tackle complex mathematical reasoning challenges. A significant breakthrough in evaluating these capabilities has been introduced by Epoch AI, which has developed a new benchmark called FrontierMath to measure the effectiveness of AI systems in advanced mathematics.
FrontierMath has revealed that even the most sophisticated AI systems available today, such as GPT-4o and Gemini 1.5 Pro, managed to solve less than 2 per cent of the advanced mathematical problems presented to them. This low success rate persists despite extensive testing conditions, where the AI models were granted considerable support, including access to Python environments for testing and verification. Epoch AI explained that while these models performed commendably on easier benchmarks like GSM8K and MATH—achieving scores above 90 per cent—they faltered significantly when confronted with the more challenging problems posed by FrontierMath, which were all previously unpublished to avoid data contamination from existing benchmarks.
Epoch AI's product marketing noted that benchmarks are essential for understanding and assessing the progress of AI systems, especially in areas where mathematical problems can be rigorously and automatically verified, as opposed to subjective evaluation methods. The research firm described FrontierMath as a tool that tests how well AI systems engage in complex scientific reasoning. Speaking to eWeek, Epoch AI reflected on the notable challenges FrontierMath posed, stating, “FrontierMath has proven exceptionally challenging for today’s AI systems.”
Mathematician Evan Chen, in a blog post discussing the new benchmark, explained that FrontierMath differs from traditional mathematics competitions, emphasising its unique focus on incorporating complex calculations and specialised knowledge. He pointed out that while competitions like the International Mathematical Olympiad (IMO) avoid these complexities, FrontierMath encourages them, allowing for creative problem-solving strategies. Chen further elaborated, stating, “Because an AI system has vastly greater computational power, it’s actually possible to design problems with easily verifiable solutions using the same idea that IOI or Project Euler does—basically, ‘write a proof’ is replaced by ‘implement an algorithm in code.’”
Looking ahead, Epoch AI plans to enhance the FrontierMath benchmark by conducting regular evaluations of leading AI models, expanding the benchmark, publicly releasing additional problems, and strengthening quality control. The development of FrontierMath involved collaboration with over 60 mathematicians from top institutions and encompasses a wide range of mathematical topics, from computational number theory to abstract algebraic geometry.
As businesses increasingly integrate AI into their operations, understanding the limitations and capabilities of these systems in advanced reasoning scenarios will be critical. The ongoing advancements in AI technology and frameworks such as FrontierMath could significantly influence how organisations adopt and apply AI in various industrial contexts.
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