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Background & Motivations
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• Current Evaluation Methods are limited 

– Results oriented evaluation (e.g. Accuracy Metrics)

• The final computation results can be generated via flawed reasoning paths

• The scores can be inflated easily via data contamination

• The design philosophy makes scaling benchmark difficult

– Saturations of benchmarks

• Most well-recognized reasoning benchmarks are saturated 



Meta-Reasoning 
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• Process Oriented Evaluation: Meta-Reasoning

– From question-answering to solution-scoring 

– Switch from the role of student to that of teachers

– Requires reason about reasonings, thus termed Meta-Reasoning 

• Why Meta-Reasoning 

– Shifts the focus from computation results to the computation process

– Robust against data-contamination and memorization

– Inherently fitted for system-2 thinking evaluation

– Relatively easy to scale the benchmarks

– Far from saturations 



MR-GSM8K: Dataset Construction
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1. For each GSM8k problems, we collect:

- original problem + CoT answer

- reversed problem + CoT answer

- original problem + PoT answer

2. Trained experts annotate the error 

analyses:

- Answer Correctness

- First error step 

- Error reason

- Step correction



• LLMs will be given a question & candidate solution, and then:

– Determine the solution correctness

– If deemed incorrect, find the first error step and explain the error reason

• MR-Score: weighted metrics over three subtask performances

– Accuracy of Solution Correctness: 

• Matthews Correlation Coefficient

– Accuracy of locating first error step 

– Accuracy of explaining the error reason 

– MR-Score:  

• Evaluation:

– Solution correctness and incorrect first error step can be calculated automatically

– Error reason explanation requires humans or machine scoring 

– 92 percent author-model agreement rates 

MR-Score
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Experiments 
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• O1 series of models are leading, 

showcasing the benefits of self-

reflective long-CoT reasoning 

pattern

• Small models like Phi-3 are 

comparable to 70B models, 

indicating the importance of data 

quality and diversity



Meta-Reasoning Summary
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• Meta-Reasoning and System-2 Thinking

– More holistic and comprehensive coverage on solution space

– Requires examination of assumptions/conditions/logic and even infer counterfactually

– Exposes the shortcoming of current training pipeline 

– O1 style long-CoT data contains self-reflective, branching patterns
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