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Prompt for hint injection
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DeepSeek-R1 % T ground-truth solution steps “F i =
=N
Qwen2.5-Math-7B /1.5B; Qwen2.5-7B; Llama-3.2-
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KhaRE 3B-Instruct; DeepSeek-R1-Distill-Qwen-1.5B
XJLbaiE Vanilla GRPO; Simple-RL; Oat-Zero; LUFFY
SEMEL ggg;Kg)li(?ﬁsieargB;LI\r/llEM; AIME25; AMC; MATH-
OOD GPQA-Diamond

FENSHR Pass@1 (greedy decoding)

ligrgE 10 epochs; best checkpoint; KL =0

RABHKE 2048 tokens (Long-CoT: 8192)
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1 . *EE? Van i I I a G R PO : Scaf-G R PO EFE Model AIME24 AIME25  AMC  Minerva  MATH-500  Olympiad  Gaokao2023en  Avg.
E;)rl\u iﬁ*ﬁﬂtﬂ&?@ig ll‘EE\ETIEEa:l_ / E &&ﬁg . : = — O r’"f»:-";ﬁfulhvl S8 :

Qwen2. 5-Math-1.5B 147 28 206 200 IR.7

-H-;:FIJ \ ” LI_IH Vamlla GRPO 133 10.0 47.5 28.3 122 MR 574 376
; A Scaf-GRPO 200 133 600 29 734 36.6 579 415
Qwen2. S-Math-78

2 . *Eﬁa:ﬁfmﬁlﬁ SCaf-G RPO EBE{jta: Qwen2.5-Math-7B 133 133 425 16.5 516 (82 5.1

Vanilla GRPO 500 133 600 134 758 413 62.6 452

égg }l& SimpleRL-Zero (7) 233 13.3 55.0 L6 768 37.2 6.8 42,6

Simple-RL., Oat-Zero KEIZREIEX A ot N o b W m a4 & @
LUFFY [2] 333 16.7 62.5 338 75.2 417 62.7 46.6

I 1Z|Kf)l.v7 INn- p rom pt Scaﬂ:o I d N g E’\J 1jE jtj\' ° Scaf-GRPO 433 20.0 70.0 . 364 0.0 433 634 50.9

Owen2 5-78
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Scaf-GRPO 133 20.0 60.0 38.6 778 4.8 638 4.9

1"3 (%0 Llama) @A RIFRERTT, ik = e

Llama-3.2-3B-Instruct 6.7 0.0 H (' H h iR.3 12.6 335 17.6
*E Ua:% |‘ Vanilla GRPO 133 0.0 5.0 IR7 518 183 457 26.1
, ~ =/uU Eo Scaf-GRPO 16.7 33 40.0 19.1 56.2 203 46.0 288
4 SU LongCoT R9iERME: Scaf-GRPO get
. 0 g 0 = ca EUL— DecpSeek-R1-Distill-Qwen-1.5B 28,9 20,00 67.5 26.1 839 45.8 62.1 477

Vamlla GRPO 0.0 21.1 67.5 IR X319 502 714 5.6

-IJ:im gﬁk%ﬁ_tj:ﬁfidzi Eﬁ%fjb , E%a: S:-..M‘}R‘H) 333 53.3 77.5 24 853 50'; 723 ;‘3.(-
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Model AIME 24 AIME25 AMC Minerva MATH-500 Olympiad Gaokao2023en Avg.
Owen2.5-Math-1.5B
Vanilla GRPO 13.3 10.0 47.5 28.3 72.2 34.8 574 37.6
Scaf-GRPO (w/o Phase 1) 10.0 10.0 o b 255 71.4 36.3 57.9 38.7
Scaf-GRPO 20.0 13.3 60.0 29.1 734 36.6 57.9 41.5
QOwen2.5-Math-7B
Vanilla GRPO 30.0 13.3 60.0 334 75.8 41.3 62.6 45.2
Scaf-GRPO (w/o Phase 1) 23.3 13:3 70.0 34.2 78.4 41.2 63.1 :

Scaf-GRPO 43.3 20.0 70.0 36.4 80.0 43.3 63.4 50.9
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Hint Strategy AIME24 AIME25 AMC23 Minerva MATH-500 Olympiad Gaokao2023en Avg.
Scaf-GRPO (Full K =P —8S) 43.3 20.0 70.0 36.4 80.0 433 63.4 50.9
w/o Progressive (Solution-Only) 40.0 133 65.0 36.2 78.6 43.7 62.3 48.4
w/o Knowledge Hint (P —S) 433 133 70.0 34.2 77.8 42 .4 63.1 49.2
w/o Planning Hint (K —S) 43.3 16.7 62.5 35.0 79.4 40.0 63.6 48.6
w/o Solution Hint (K —P) 40.0 10.0 67.5 34.2 78.6 42.2 63.4 48.0
w/o Incremental Chunking 43.3 10.0 62.5 36.0 76.0 41.6 64.2 47.7
No Guidance (Vanilla GRPO) 30.0 13.3 60.0 334 75.8 41.3 62.6 45.2
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Hint Strategy AIME24 AIME25 AMC23 Minerva MATH-500 Olympiad Gaokao2023en Avg.
Scaf-GRPO (Full K —-P —8) 43.3 20.0 70.0 36.4 80.0 43.3 63.4 50.9
w/o Progressive (Solution-Only) 40.0 13:3 65.0 36.2 78.6 43.7 62.3 48.4
w/o Knowledge Hint (P —S) 43.3 13.3 70.0 34.2 77.8 424 63.1 49.2
w/o Planning Hint (K —S) 43.3 16.7 62.5 35.0 79.4 40.0 63.6 48.6
w/o Solution Hint (K —P) 40.0 10.0 67.5 342 78.6 42.2 63.4 48.0
w/o Incremental Chunking 433 10.0 62.5 36.0 76.0 41.6 64.2 47.7
No Guidance (Vanilla GRPO) 30.0 13.3 60.0 334 75.8 41.3 62.6 45.2
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