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Methodology: SkillO

Adaptive Curriculum Learning
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Experiments

Evaluation task and metrics

« Evaluation task

1. ALF-World
HIAE J|dt embodied & / 67l task type (Pick, Look, Clean, Heat, Cool, Pick2)
Input: X|A|Z + 25 BIAE - Output: O|&- =& MM A|Z2IA [ Metric: Success Rate (%)
2. Search-based QA
In-domain: NQ, HotpotQA / Out-of-domain: TriviaQA, PopQA, 2Wiki, MuSiQue, Bamboogle (E5 retriever)
Input: = - Output: search Ho| Bt&E = %|F & / Metric: Accuracy (%)
3. Webshop
AN £T=S ZAre  2HE, 1™ E 1287l validation task
Input: MZ FAR 22 > Output: searchl...], click[...] M A|ZIA / Metric: Score, Accuracy (%)
 Models & Setup
Qwen2.5-VL-3B / 7B-Instruct, 4xH8000i|A{ £|CH 180 step et& (N_s = 3, d =10, G = 8)
Baselines: Zero/Few-Shot, GRPO, AgentOCR, EvolveR, SKkillRL — t= F& Al skill AFE, *= A[Zf Q12T



Results

Table 1: Performance on ALFWorld and Search-QA tasks. We report the success rate (%) and
the average context token cost (k) per step. T denotes models validated with skill augmentation; *
denotes methods that encodes visual context with reduced token overhead. We simply reproduce
results of SkillIRL-3B without cold start and skill evolution. Best and second-best are highlighted.

ALFWorld Search-QA
Method Pick Look Clean Heat Cool Pick2 Avgt Cost] NQ Triv Pop Hotp 2Wk MuS Bam Avgl Cost]

Owen2.5-(VL)-3B-Instruct

Zero-Shot 270 243 45 205 102 00 152 121 94 313 198 150 148 47 168 159 0.48
Few-Shot' 441 451 305 441 92 33 293 230 11.8 309 202 137 184 45 256 179 0.86
Zero-Shot* 443 276 86 31 57 31 176 048 102 277 109 9.1 122 37 152 127 0.15
Few-Shot*T 57.1 253 45 55 102 94 238 0.88 11.1 262 142 154 134 30 192 146 0.36
GRPO 92.6 857 70.6 866 793 650 799 1.02 393 60.6 41.1 374 34.6 154 264 364 0.61
AgentOCR* 919 818 760 733 76.1 70.0 782 0.38 38.6 56.5 41.7 33.6 307 146 240 342 0.26
EvolveR 773 245 479 417 246 225 441 189 434 584 434 373 381 137 328 382 -
SkillIRL' 919 100 829 874 787 70.0 824 221 386 576 403 336 31.1 133 58.1 389 0.87
SKILLO* 956 804 100 86.7 78.7 1752 879 038 398 575 423 351 337 133 63.7 408 0.18

QOwen2.5-(VL)-7B-Instruct

Zero-Shot 67.6 354 193 313 301 44 313 1.08 104 324 223 158 154 72 192 17,5 0.70
Few-Shot' 754 649 675 267 194 89 484 212 123 368 245 17.7 182 6.5 248 20.1 0.97
Zero-Shot* 460 356 19.1 7.1 55 54 21.1 052 69 304 120 105 9.1 55 240 140 0.26
Few-Shot*" 443 554 529 00 112 54 289 179 105 319 187 142 144 69 248 173 041

GRPO 926 938 852 80.0 827 565 818 095 45.1 63.7 440 43.6 432 168 376 419 0.73
AgentOCR* 95.6 962 78.1 732 724 720 812 043 431 61.0 454 408 383 157 368 40.1 0.36
EvolveR 649 333 464 133 333 333 438 - 435 634 459 382 420 156 544 431 -

SkillRL' 979 714 90.0 90.0 955 875 899 - 459 633 459 432 403 202 738 471 -
SKILLO* 100 858 946 819 857 80.1 89.8 041 427 61.1 453 40.0 383 164 669 444 0.34

. SKillO(*)= =2 A| skill §10|= ALFWorld Avg 87.9(3B) / 89.8(7B) 24 — AgentOCR CHH| +9.7%p
« context H[E% £|A: ALFWorld 0.38k vs SkillRLT 2.21k tokens/step, Search-QA 0.18k vs 0.87k



Results

Table 2: Performance on WebShop (128 tasks). We report the Score (%), Acc (%) and the average .
context token cost (k) per step. All methods encode visual context with reduced token overhead.

WebShop 128 tasks — 3B Score 78.6
/| Acc 66.4, 7B Score 85.1 [ Acc 74.2

Inference Qwen2.5-VL-3B Qwen2.5-VL-7B
Method w/ Skills Score?t Accuracy? Tokens., Score?t Accuracy? Tokens|
Baselines
Zero-Shot 234 6.3 0.46k 26.8 7.8 0.48k % _— L e ol 7+
Few-Shot v 45.8 [+22.4] 18.4[+12.1] 0.78k [+0.52k] 51.2[+24.4] 24.2[+164] 0.91k [+0.43k] FE Al skillS CRA ‘50'|Ef>ool el &
AgentOCR 752 [+51.8] 56.3[+50.0] 042k [-0.04k] 78.6[+51.8] 59.3 [+51.5]  0.40k [-0.08K] 2 —> 00| m2t0[E{of] LHXH=}
Ours: RL w/ Skills
SKILLO v 80.9 [+57.5] 64.1[+57.8] 0.94k [+0.48k] 85.3 [+58.5] 719 [+64.1] 0.89k [+0.41k]
SKILLO 78.6 [+55.2] 66.4 [+60.1] 0.49k [+0.03k] 85.1 [+58.3] 74.2 [+66.4] 0.46k [-0.02k]
« Zero-Shot CHH| Acc +60.1%p(3B),
+66.4%p(7B) | E22 28|2{ -0.02k

8 10

AgentOCR AgentOCR
—— Skillo —— Skillo
6 8
4 o 6
g, W 3 . w * Fig 3:-4 — 3B-7B 25 AgentOCREL}
M W =2 rewardE |XISHH AS
0 2W
%o 20 10 60 80 100 % 24 48 72 % 120

Steps Steps

Figure 3: Comparison of training dynamics with

Figure 4: Comparison of training dynamics with
AgentOCR on Qwen2.5-VL-3B.

AgentOCR on Qwen2.5-VL-7B.



Results

(a) skillo (b) Inference w/o skill (OCR) (c) Inference w/o skill (Omni) o . .
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Table 3: Ablations of Dynamic Skill Curriculum on ALF- Table 4: Impact of Validation Interval d
World in different inference settings.

on ALFWorld and Search-QA (subset).

Method w/S wlhS A d ALFWorld Search-QA

Filter & Rank & Select 86.3 879 11.6 10 87.9 48.9
w/o Filter 81.6 789 |27 5 87.5 49.6
w/o Rank (Random Select) 76.6 629 |13.7 20 78.1 42.3

Fig 7 — skill budget M: [6,3,0] 2t
skill M7 Al 23|21 +1.6%p (LHXHSH

83)

1 oAt [6,6,6] /[3,3,3] / Fixed
Full2 -13.3/-9.7 / -12.3%p=

&1

Fig 8 —[3,3,3]2 x£7| &fM x|zte
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ZE0M XI5 SAM|
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Rank ®[7 (52l &) -13.7%p
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d =202 7812 -9.8%p



Conclusion
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Motivation & Contribution

Motivation
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Methodology: OVCSD (Outcome-Verified Comparative Self-Distillation)

Overview
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Methodology: OVCSD

Base Student Rollout
« ZH: ™E Aot rollout grouplllA TAFE 7tstt &7 stateE HOILY|

« O updateDtCt frozen skill-free policy?t K7H trajectory 24-A: = {10 ~ I},
trajectory T = (0y, ag, 01,44, ...,07), STt EA R(7)
GRPO baseline advantage: A; = (R; — R)/ (sgp + &4 )

mO
b g
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o N = — 2 E trajectory?t Aist] HA 2AH0| AFAAF 0L

ail
Zf

v = I[max; R; < Tyyee ] * I[sg < eg] — Ol GRPO= ot& A= E Ho] HX| &

« Observation 1— A5t rollouttl = & AEf] 2X=I} Lot JUS
ALFWorld task group?| 47.0%, WebShop2| 52.8%7} all-failure group
ALFWorld= all-failure group2| 100%0MIM &7 prefix, coverage 85.8% (WebShop2 15.2% / 4.9%)

« - 4 trajectoryE prefix treeZ #+4. L& vi= 70| d,2 7 HENO|H, 1 prefixE UI== trajectory EE2EE M(v)E
XIX| (MEH= snapshot EE= replay 2 22)
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Adaptive Outcome-Verified Intervention

« Skill-conditioned teacher — st& CH&F 2HIO| skill contextTt =7t= & HH
w5 (at | hey Sa) = mgae | huye(Sa)). ¢(Sy)= skill HE| Q1AL
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« 2. Adaptive teacher execution — &Elf vOi|A| teacher?} £[CH N 7H2| continuation A

NT[Q( |hv;S )

« 3. Outcome verification — R(t]) = 1. € continuation2t XHEH
ATH A| 7HE 710HR =4 = EZ2 backtrack £ MA|E > JHY X|HS HSHOZ o
AZSEl continuation StLZF M (v)Q] 2E AT branchE ASsH, ZA L C0jAM S22 ZAS5HK| S

« oA — teacher?| scoringO| OfL|2} 2tF0| AE ot BTt supervision2 = ALE
teacher continuation2| 43.5%7t Z&0iA &=t / FHUEl groupll 74.3%7t A|ZHO 2 AZSEl branch &5
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Methodology: OVCSD

Alignment-Aware Comparative Learning

=H: teacher?} student| #=0| X Z Z2|= XHN m2MO = FEHoHH 2% H|W

First divergence point — 31 prefix 0|2 MZQZ #HS0| E2tX|= /X

d’v,i — dv + mln{] . a;g,j # a?,dv_i_j, Ahgn( /, h'L d +,7 )

I/\
\W_/

Local comparison group — &2 divergence X|H (v, d)& S®/0%t= m, 4712 I branchE £3

Teacher-guided local re-normalization — 2t X|H0|A| /S advantage &3 W&

1
v My,d .

0 _
Av d — V My.d, Av,d,i - -
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Methodology: OVCSD

Overall Objective and Inference

==
o

fjo

KLE

OOI‘

« Post-Divergence Suffix Distillation — Z2}%l 0|%
teacher 2X: q;,, = stopgrad[ng(- |hl S ) ]
student 2X: p,,, = my(- |hl,, ) — studenti= skill 810] Z+2 history?t =

1 1
Esuf — W Z Z DKL(qt,m || pt,m) ’

(v,d) €D+ 204 (t,m)EQy 4

« Overall objective: Loycsp = Legppo + Asuf * Lsus
Lirpo= divergence X[&2| =4 advantageE g, LIHX| ¥2 7|& advantage {X|

24 = (distillation) 22 gt 2

divergence X|& = Z& @ (policy gradient), 0|= 27t



Experiments

Evaluation task and models

« Evaluation task

1. ALF-World
67l task type (Pick, Look, Clean, Heat, Cool, Pick2), STt O|%l H A
Input: 7HH LH XIA|2 + 2= HIAE - Qutput: 0|S- % MM [/ Metric: Success Rate (%)

2. Webshop
CIE XA M2 DHESt= AES A0l / Input: 27AFE 2% - Output: searchl...], click]...]

o

Metric: 34| Score(x100)2} Success Rate(Acc)
* Models
Qwen3-1.7B / Qwen2.5-3B / Qwen2.5-7B — M| &2 E5=0|A "7t 3= SFT x£7|=2k(Vanilla)ol|A] =&
Baselines: Vanilla(SFT), SkillCOT*(3=2 A| skill Z44), GRPO(skill-free RL), OPSD
Skill-SD(teacher?} action= *{&), SDAR(Z7| MEHKIA skill-augmented rollout)
SKillCOT*E H|2|et 2 E BHHE skill-free deployment prompt A2 > S X H|w
« Setup — group size K = 8, 100 update & / ablation2 128-task validation set0l|A| 50 update 7|&



Results
. ALFWorld WebShop .
[ ] [ ]
Maln ReSU|tS Method  Pick Look Clean Heat Cool Pick2 Avg Score Acc InteraCtlon BUdget

Vgn‘;’ﬁ:}lj;;.o 222 31 00 214 42 125 465 47 Update  Student Replay Teacher Overhead Eff. K
SkillCOT* 10.5 500 161 00 0.0 50 94 230 23 30 74,084 152 1,818 2.59% 8.21
GRPO 71.1 41.7 364 400 31.8 31.6 46.1 67.3 383 60 121,377 288 2,267 2.06% 8.17
OPSD 263 333 9.1 00 45 53 141 474 93 100 176,961 492 3,314 2.11% 8.17
Skill-SD 529 37.5 692 42.9 60.0 36.8 52.3 81.8 53.9
SDAR 73.5 25.0 76.9 333 40.0 368 53.9 768 58.6 Table 2: Cumulative environment action steps by source on
OVCSD 969 83.3 91.7 75.0 714 748 83.6 779 625 ALFWorld over 100 updates. Overhead is replay plus teacher
Qwen2.5-3B continuations as a share of the total; Eff. K rescales the
Vanilla 444 111 62 154 286 125 219 67 08 nominal group size of 8 by that total. Privileged interaction
SkillCOT* 51.7 66.7 484 0.0 43 100 289 0.2 0.8 stays near 2% throughout training.

GRPO 91.2 625 96.2 619 65.0 474 75.0 79.8 63.3
OPSD 48.8 41.7 16.7 0.0 158 16.7 28.1 11.3 3.1
Skill-SD  88.2 50.0 96.2 52.4 65.0 579 734 759 64.0 .
SDAR 97.1 62.5 100.0 619 75.0 84.2 84.4 85.0 68.0 80% - —eovesb GRPO
OVCSD 89.6 75.0 89.6 95.2 83.9 88.8 89.1 85.3 734 :
Qwen2.5-7B

Vanilla 36.1 222 3.1 00 0.0 0.0 125 59 1.6
SkillCOT* 51.7 50.0 323 53 43 00 234 17 038
GRPO 91.2 87.5 96.2 81.0 65.0 57.9 81.2 80.9 72.6
OPSD 50.0 60.0 22.7 214 17.6 9.5 328 45 23
Skill-SD 939 93.8 90.9 100.0 69.2 68.4 85.1 86.1 76.5
SDAR 94.7 75.0 100.0 86.7 68.2 78.9 859 89.4 82.8 20%
OVCSD 98.2 83.3 97.9 100.0 82.1 944 92.2 91.2 844

Same results :

N
)
X

40% 1

Validation success

Same costs

0 50 100 150
Cumulative environment interactions (thousands)

Table 1: Performance on ALFWorld and WebShop tasks.
We report success rate (%) on ALFWorld and score/accu-

racy (%) on WebShop. WebShop Score is reported as the Figure 3: Skill-free validation success against cumulative en-
task score multiplied by 100. * denotes evaluation with re- vironment interactions on ALFWorld (1.7B). At a matched
trieved skills at inference time. Bold with yellow box and budget of 123k actions OVCSD reaches 81.3% against
underlined with blue box mark the best and second-best re- GRPO’s 57.8%. The shaded band marks budgets where only
sults within each base-model block. All methods except Skill- OVCSD has completed validation.

COT* use the skill-free deployment prompt.



s
Ablations

How the branch is transferred Method Lol A Suffix KL Success
GRPO 41.41
« ZHZ=El teacher branchZ studentOl|AH| = A MEtst 7017} — gg;aiii‘(’)‘:ly v y gi'éé”""oo
= 2x3t40| J|0{ = 23} (ALFWorld skill-free validation, 50 Y s
OVCSD v v 81.25439.84

update)

A . Table 3: Objective ablation on skill-free ALFWorld valida-
. —_— At (©) A A™ 1™ A
Local A— divergence <JE{0f|A12] =2 advantage (28 1) tion (%). Local A is the localized advantage at the divergence

state, Suffix KL the top-k distillation on the completion suf-

. fix. Subscripts are gains over GRPO.
« Suffix KL — 0|= 2t F7t9| top-k distillation (2t A )

« = +25.00/+22.65%p, 28 Al +39.84%p

How the branch IS achired Strategy Success Attempts Verified Depth Cost/ver.
Random anchor 79.69 40 25 1.73 33.00
No verification 80.47 66 37 274 30.57
OVCSD 81.25 71 48 3.56 25.60
« ASBE branchE H{EH 2l5& 2217} — anchor MEfa} Zup A
2 §| &1t ofEA =52 F P22 Table 4: Intervention ablation over 50 updates. Attempts are
=0

teacher continuations executed, Verified those that complete

e as the task; Depth is mean replay depth and Cost/ver. the re-
° 21
Random anchor 79.69 (20| 1.73) / No verification 80.47 play plus teacher actions spent per verified branch. Attempt

Al Al :
(XHEHZ 2] 43.9% 71 2H| == 1) counts are an outcome of each run, not a matched input; the
controlled comparison is cost per verified branch.

« OVCSD 81.25— 70| 3.56 |}X|, 71=2| & 48%| 45, 43
branch& H| 25.602 2 %|X



Ablations

What Intervention Changes Case Study

Scored action GRPO OVCSD A 95%CI e e
Verified teacher +OO60 +O342 +0282 [017, 041] Student trajectory pavergence at sxep o
Failed student —0.054 —0.081 —0.027 [-0.24,0.17] | - oy kb

—U. —U. . —VU. . ["‘ea::a“] i in < Click[4x] — Buy now
Prefix control 0.208 —0.162 +0.046 [—0.13,0.23] | b N Clickion) By
StateS increased (070) 67.9 91.0 +23.1 [12.8, 34.6] Observation \‘\\ search[.4x]—»Buy now

: Click[back] |[------=-=--=s Success

Table 6: Change in teacher-forced action-span log- || STATE swapsHoT

Current product: BO9QQP3356
Available sizes: up to 3X

probability relative to the shared SFT initialization. RETRIEVED SKILLS * Validate Core Hateh

“On every product page, confirm the title/category matches ﬂu "quostod
an to results.”

Required size: 4X = unavailable garment type and primary attributes; if not, immediately r
> A Al = S =210 © — _ Task: Find me anti perspirant, cruelty free deodorants &
¢ gl = | X-HE ‘4 OEI—' teaCher OOH%O I- I E%!I— |. SFT @ antiperspirants with scent: floral, size: 1.6 oz below $60.
2= 7|2} CHH| teacher-forced action-span Iog—prob A2} Jp— o Y
i earc 5 rue -free’? ac 3 .
[.] Click[BOO6Y3IDMO] ---+ 30z, pack of 3 @ | -> fl:x:;’ec,rule.lﬁtoyz] 0
- 3% teacher @S: GRPO +0.060 - OVCSD +0.342 (A Figure 4: Case study.

+0.282)

—_

o ATt student &S prefix control2 2| H3t QIS » =4H
O=0h &S

student= AIO| =7t gi= HO[X|Of| A FMTH Bt= S 2/5ICH Af,

. teachere 'Validate Core Match'2 ZAM Zat2 &|Z017t &8
IE0| 2E ME divergence &El H|Z: 67.9% > 91.0% Mot %7}

1= T

Jio



Conclusion

« OVCSD — teacher?| 'M==(scoring)'7 OtL|2} 2tF0| HE Tt ‘dS(acting)'E supervision2Z AFE5H= on-policy self-
distillation

« A5t student rollout2 prefix tree2 =%
- studentZ| =S AEHU|M skill-conditioned teacherE 2% O

b

2 £ - outcome-verified continuationt X{EH

Ot

« divergence X|H0|AM = state-aligned =4 H|W = AFE w5t O|F 71712 top-k KLE g+ d5S M+

«  ALFWorld-WebShopOllA| %|2Z baseline CHH| ZtZt £|CH +29.7 / +5.4%p, privileged interaction 3% 0|2t S of| Ao
M GRPO CHH| 2.1x sample efficiency






