Evaluating Mathematical Reasoning Beyond accuracy

: Shijie Xia'2>, Xuefeng Li'25, Yixin Liu4, Tongshuang Wus, Pengfei Liu?.2:5
Carnegie
Mellon 1 Shanghai Jiao Tong University 2 Shanghai Artificial Intelligence Laboratory
University 3 Carnegie Mellon University 4 Yale University 5> Generative Al Research Lab (GAIR)

Introduction

The leaderboard of Large Language Models (LLMs) in mathematical tasks has been continuously updated. However, the majority of evaluations focus
solely on the final results, neglecting the quality of the intermediate steps. This oversight can mask underlying problems, such as logical errors or
unnecessary steps in the reasoning process. To measure reasoning beyond final-answer accuracy, we introduce REASONEVAL, a new methodology
for evaluating the quality of reasoning steps. REASONEVAL employs validity and redundancy to characterize the reasoning quality, as well as
accompanying LLMs to assess them automatically.

\_ _/
Methodology Meta Evaluation
Validity: the step contains no mistakes in calculation and logic MR-MATH-inyslid MB-MATH-redundant
Solution-level Step-level Solution-level Step-level
I ] ] ] ] F1Score AUC F1Score AUC F1Score AUC F1Score AUC

Redundancy: the step lacks utility in solving the problem but is still valid Embedding-based Methods
ROSCOE-SA 48.2 57.5 - - 50.7 53.9 - -
ROSCOE-SS 51.6 49.6 - - 52.0 Ly - -

Prompting-based Methods

Ground Truth: 1132 GPT-3.5-turbo 59.7 - 532 - 53.0 - 51.5 -
GPT-4 73.2 - 61.0 . 57.1 - 54.2 -

Question: Simplify V242

4 Foe N\ Step-level Evaluators
-
Mathshepherd Mistral 7o 701 773 €00 772 S04 545 427 530
S ittty Supdupdonsy REASONEVAL| |sma2-78 66.7 79.5 60.8 80.0 60.4 62.8 59.0 68.6
; . T ; ; REASONEVALwizardMath-7B-V1. 72.8 81.9 67.7 83.9 60.5 65.6 59.0 68.3
Step 1: We can simplify the square root of 242 by factoring it into its prime factors. 0.85 0.05 REASONEV ALXistrdet R 78 0 351 63 6 857 60.7 63.4 507 70.9
Step 2: The prime factorization of 242 is 2 * 11 * 11. (0.85 0.05 ] REASONEVALLiemma. 78 74.7 84.3 76.6 90.5 59.6 63.0 58.6 68.3
REASONEVAL Apel-7B-002 717.3 86.2 70.4 90.5 58.6 63.6 59.5 71.8
Step 3: Let’ check it. The prime factorization of 242 1s 2 * 11 * 11.{. <------------ 1 0.75 | REASONEVALwizardMath-78-V1.1 78.6 87.5 73.9 89.5 61.6 64.8 59.7 72.2
REASONEVAL[ jemma-34B 79.6 90.8 77.5 92.8 58.3 62.7 57.5 67.3
Step 4: By the property of square roots, we know that Vab = v/a * Vb for any
non-negative numbers a and b. Applying this property to V2 * 11 = 11, we have L0.95 0.05 ]
V2 /112,
MR-GSMS8K-original MR-GSM&K-reversed
Step S: By the property of square roots, we know that Vva* = a for any non- , :
) . . [ 0.20 0.05 ] Solution-level Step-level Solution-level Step-level
negative number a. Applying this property to V112, we have 11.
OOD F1Score AUC F1Score AUC F1Score AUC F1Score AUC
Step 6: By combining the results from step 4 and step 5, we have . e o (013 0.05] Embedding-based Methods
V2%11%11 =11 %2 ' ” ROSCOE-SA v 51.6 54.4 - - 54.5 57.9
S = Theref he simplified FVIAT | 11\/§ . . ROSCOE-SS v 49.6 60.1 - - 49.6 52.1
tep 7: Therefore, the simplified form o 1S . [ 0.75 0.05 | Prompting-based Methods
GPT-3.5-turbo - 54.9 - 52.3 - 54.3 - 49.9
GPT-4 - 81.7 - 69.0 - 722 - 52.2
Step-level Evaluators
j Math-shepherd-Mistral-7b X 86.0 93.9 73.4 88.5 77.2 88.0 59.6 77.9
- REASONEVALwiisrat78 v/ 618 798 629 8.1  61.0 719 615 843
REASONEVALwizardMath-7B-V1.1 v 74.1 90.7 72.8 91.4 74.4 86.3 70.5 90.5
REASONEVALLjemma-34B v 81.0 88.1 73.5 86.8 76.1 84.1 69.3 85.0

. )L - R

Data Selection
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