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Background & Motivations

 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

Chinese General English General Knowledge Arithmetic Math Reasoning Coding
Open source

DeepSeek-V2 Yes 7.89 8.85 80.6 94.8 71.0 83.4 84.8
GPT-4-Turbo-1106 - 8.01 9.32 84.6 93.0 64.1 - 82.2
GPT-4-0613 - 7.53 8.96 86.4 920 529 83.1 84.1

GPT-3.5 - 6.08 8.21 70.0 571 341 66.6 48.1



Meta-Reasoning

* 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-GSMS8K: Dataset Construction

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

POT GSM8K

#i#H# Instruction:
* An electronics seller bought 5 phones

for $700 each and gives the seller
$4000 in dollar bills. How much will the

| ]
seller give back in change? Let's write a
Input program.
Question

(@ i Response:
) * "Step 1: total_amount_paid =5 * 700",
D\/ » "Step 2: total_amount_given = 4000",
« "Step 3: change = total_amount_given -
v total_amount_paid",

* "Step 4: print(change)"

Output
Solution

Original GSM8K

#it# Instruction:

* An electronics seller bought 5 phones
for $700 each and gives the seller

REVERSED GSM8K

##t# Instruction:

* An electronics seller bought 5 phones for
$700 each and gives the seller $X in dollar

$4000 in dollar bills. How much will the Z> bills. How much will the seller give back in

seller give back in change?

U

* "Step 1: The seller bought 5 phones for
5*700 = $<<5*700=3500>>3500.",

e "Step 2:....",

Step 3:.....Y,

"Step 4: The seller will give back $3500-

$4000 = $<<3500-4000=500>>500 in

i Response:

change? If we know the answer to the
above question is 500, what is the value of
unknown variable 'X'?

U

* "Step 1: The seller bought 5 phones for
$700 each, so.......",

* "Step 2: The seller gives the seller $X in
dollar bills, so ...... s

o Stepiss

* "Step 4: Solving for X, we get: X = 4000.",

"Step 5: The value of X is 4000.",

##t# Response:

¥

Wrong
Step 3

The student has
misunderstood the concept of
calculating change. It is not possible to
get a negative change. Instead, the
student should have checked if the
total amount given was less than the
total amount required and then
calculated the additional amount

GPT4-Grading
Output required.

change."

Correct

¥




* 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:  mce = TP XxTN - I'P x F'N

: .. V(TP + FP) x (TP + FN) x (TN + FP) x (TN + FN)
* Matthews Correlation Coefficient

— Accuracy of locating first error step  ACCuep =

— Accuracy of explaining the error reason

— MR-Score: M R-Score = wy * max(0, MCC) + wy * AC Cyiep + w3 * AC Creason
 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

N correct_ﬁrst_error_step A C C . N correct_error_reason

reason —
N incorrect_sols

jvincorrect_sols



» Ol series of models are leading,
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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

Comparison of Model Performance on GSM8K vs MR_GSM8K

GSM8K
MR_GSM8K
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Table 2: Evaluation results on MR-GSM8K. SC-TPR and SC-TNR stand for the true positive and
true negative rate for the solution correctness determination. K stands for number of demos in our
prompts and bold number indicates the best performance within the corresponding model groups.

Model SC-TPR SC-TNR MCC ACCstep  ACCregson ~ MR-Score
k=0 k=3 k=0 k=3 k=0 k=3 k=0 k=3 k=0 k=3 k=0 k=3
Open-Source Small
Qwen-1.8B 21.8 333 0.1 3.9 0. 0. 0. 04 0. 0. 0. 0.1
Phi3-3.8B 113 626 985 726 204 354 329 263 180 139 229 219
Open-Source Medium
Deepseek-Math-7B-RL 773 24 523 04 304 0. 98 0.1 5.1 0.1 11.6 0.1
WizardMath-v1.1-7B 99.3 6.7 0.5 0.6 0.0 0.0 0.3 02 03 0.1 0.2 0.1
Llama3-8B 32 409 983 80.3 51231 291 233 150 116 172 174
Open-Source Large
MAmmoTH-70B 88.0 89.8 231 28 146 00 39 03 1.8 03 50 02
MetaMath-70B 7.8 0.0 0.3 0.0 0.0 0.0 0.1 0.0 0.0 00 0.0 00
Llama3-70B 67.6 89.3 830 66.0 513 564 389 335 327 257 383 342
Qwenl.5-72B 83.7 87.7 57.1 524 420 425 191 231 135 158 209 233
Deepseek-v2-236B 60.1 88.2 872 61.5 494 512 268 324 238 283 298 34.1
Closed-Source LLMs
Claude3-Haiku 704 990 517 81 225167 172 23 113 1.8 153 49
GPT-3.5-Turbo 163 59.7 938 657 162 255 306 21.0 203 130 226 179
Claude3-Sonnet 35.1 884 89.8 448 30.0 365 252 188 199 156 235 208
GPT-4-Turbo 69.5 83.0 918 842 633 672 488 51.7 463 481 505 53.0
01-mini-2024-09-12  93.3 933 956 948 89.0 88.1 676 676 622 61.8 692 68.8
ol-preview-2024-09-12 89.3 844 968 956  86.6 80.8 683 69.5 657 66.6 70.7 70.3




Meta-Reasoning Summary

* 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
— 01 style long-CoT data contains self-reflective, branching patterns

é Original solution N { Original solution )
ART —>(0 Augmented solution 3 —>( Augmented solution
—>( Coding solution —>( Coding solution

Potential solution Potential solution

> Incorrect solution




Thanks
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