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ADVANCING MATH REASONING IN LANGUAGE MODELS: THE IMPACT OF PROBLEM-SOLVING DATA, DATA SYNTHESIS METHODS, AND TRAINING STAGES
‘RQ3.2-Data distribution perspective !

Result 4: Both SFT and CPT
primarily develop capabilities
aligned with their data

Zui Chen - Tiangiao Liu - Tongqing - M1 Tian - Weiqi Luo - Zitao Liu

(CPT © vs SFT on middle school data )

e Basel: CPT with 48.3B general corpus and 14.7B math corpus.
e Middle-school-SFT: SFT with 0.83B middle school data on Basel.
e Middle-school-CPT: CPT with Basel data and middle school data.

Introduction

Current Status
* Approach: Large-scale math-related corpus training (next-token prediction) to enhance

Research Question 1-Effectiveness

of problem-solving data

CPT in math reasoning

mathematical reasoning.
* Key Issue: Data-intensive methods show low efficiency; limited improvement
compared to supervised fine-tuning.

e Basel: Using 48.3B general corpus and 14.7B math corpus.
e Test1-3: Same to Basel, but replacing math corpus with problem-solving data.
e Testl, Test2, Test3 (math corpus : problem-solving data) = 3:7,7:3, 5:5

(CPT © vs SFT on high school data)

e High-school-SFT: SFT with 0.89B high school data on Basel.
e High-school-CPT: CPT with Basel data and high school data.

distributions and SFT’s IND
learning ability is weaker than
that of CPT.

Average Accuracy Comparison

e Current Research: Focus on high-quality math data collection, but fails to significantly Model GSMSK Math Gaokso hongkao  Average
boost reasoning capabilities. 40 1 —¢— Basel Basel 28.20 9.48 8.09 30.68 19.11
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e Current methods: Filter math corpora to improve memorization, but yield marginal 30 |High-school-CPT|  23.96 (424)  13.82 +4349) [22.98 r1a89) | 34.19 (:351) 2374 (+463)
gains in reasoning. . . N e e e LR EE
e Proposed shift: Focus on teaching models how to use knowledge, not just expanding = Result 1: Problem-solving data is efficient. (CPT © vs SFT on easy data subset ) By samples By tokens
knowledge storage. 20 - / e Basel: CPT with 48.3B general corpus and 14.7B math corpus.
Hypothesis 2: The Unique Nature of Mathematical Knowledge e Basy-SFT: SFT with 1.15B easy data subset on Basel.
* Math knowledge is highly structured (axioms/theorems as core); the challenge lies in 15 - ' * Easy-CPT: CPT with Basel data and easy data subset.
organizing and applying it to complex reasoning. (CPT © vs SFT on hard data subset) o -
e Traditional memorization-based pretraining is inadequate for mathematical reasoning o

e High-school-SFT: SFT with 0.89B high school data on Basel.
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demands. 0 > 10 step(K) 15 20 25 e High-school-CPT: CPT with Basel data and high school data. ~®©asy » medium = hard  ® easy = medium = hard
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Bayes and his Theorem P Q: Roger has 5 tennis balls. He buys 2 more cans provide two different solutions Input: Questions, Solution(step;, ..., step;, step; , ..., Step,) 35.78 w2092 | 20.17 ri3asy  9.32 o)

What Bayes’ did was derive the special case of this

of tennis balls. Each can has 3 tennis balls. How Insert: stepy, ..., step;, {back)step(/back), ..., step, (i <)

Output: <response> accept <\response> ,
Solution2, Solution3

formula for “inverting” the binomial distribution. This
distribution gives the probability of x successes in n
independent “trials” each having the same
probability of success, p; each “trial” has only two
possible outcomes (“success” or “failure”). Trials

many tennis balls does he have now?

A: The answer is 11.

Q: The cafeteria had 23 apples. If they used 20 to
make lunch and bought 6 more, how many apples
do they have?

Result 5: Providing more challenging problem-solving
data enables more effective learning, and this advantage
1s particularly evident in CPT compared to SFT.

MathGPT-8B

Retrospective Enhancement -> Imitate the real-life practice of

Query Expansion -> Expand different queries A _ .
teachers guiding students to rectify mistakes.

Input: Questions, Solution + Request to

like this are usually called Bernoulli trials, after
Daniel Bernoulli. If we ask the question “what is the

A: The cafeteria had 23 apples originally. They

Input: Questions, Require students (small model) to answer and
used 20 to make lunch. So they had 23 - 20 = 3.

provide different questions and their solutions

probability of exactly x successes from the possible They bought 6 more apples, so they have 3 + 6 = Output: <statement> STATEMENT ask teachers (big’ model) to correct , - Model GSMSK MATH GAOKAO ZHONGKAO  Average
n?” ... 9. The answer is 9. Kuowledas Qstatement> , New question, New solution2, | |Output: Student’s Response + Teachers’ Rectification General Models
- 2
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Tarset abilit Storage and Extraction Target ability R ' ' : : '
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(raln nown conditions. / @arbles. 7 + 20 = 27. Therefore, the answer Retro-Enh 14,707,792 5.04B 45.11 21.72 22.98 66.67 39.12 Qwen2.5-72B 90.60 59.38 56.60 82 95 72.38
s 27. J [ Tutor-Amp | 11.942.328 13.90B  64.44 35.88  32.77 69.32 [50.60 | Math-specific Models
. Result 2: Response Diversification, Query Expansion and Tutorshi LLEMMA-7B 4147 1854 14.89 45.08 30.10
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e model's math reasoning ability compared to ROL(Effecti ) ' . ' . .
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Instruction Following A

Base2, 39.5% CPT on Llama3-8B resulted in significant improvement, surpassing

(Base2© vs Basel-SFT, same data in CPT and SFT) . .
version with 70B parameters.

e Basel: CPT with 48.3B general corpus and 14.7B math corpus.
e Base2: CPT with Basel data and 7.2B problem-solving data.
* Basel-SFT: SFT with 7.2B problem-solving data based on Basel.

Improvement

MathGPT-8B is trained on only 140B tokens, while Qwen2.5-Math-7B
utilizes 1T tokens (as reported).

RQ?2: Are synthetic data from the same
source equally effective, and what synthesis
methods are most efficient?

Basel-SFT, 35.62%

RQ2(Scalability) RQ3(Interpretability)

Efficiency

CPT A, 1981%

SFTA, 11.89%

[ Apply and Train J
Ny

MathGPT

(Base2-1%SFT® vs Basel-1%SFT, ablation ability of instruction following) Basel-1%SFT, 23.73%

e Basel-1%SFT: SFT with 0.072B problem-solving data based on Base r."l"t“t,"'F'”' T T T
e Base2-1%SFT: SFT with 0.072B problem-solving data based on Base?2. PIHEONTOTONINY  Base1, 19.11%

Taking challenge problem-solving data in the CPT stage can significantly
improve the efficiency of CPT and may be a better training paradigm.

RQ3: How do the ability developed from the same
problem-solving data differ between the CPT and
SFT stages, and what factors contribute to these
differences?

Further exploration is needed for the methods used in the post-training phase.

Result 3: SFT has a clear disadvantage.




