
통계 데이터사이언스학과 석사 1학기 신재우⋅

DSL Alumni Seminar



Contents
• Before RLVR


• Introduction to RLVR


• 2025 RLVR Trend

2



Speaker Introduction
신재우


• 통계데이터사이언스학과 석사 1학기 신재우


• 응용통계학과 19.5 학번


• DSL 10기 학술부장


• ESC 32기, 33기 회장


• 손지용 교수님 ITML 연구실 소속


• 연구 분야 : LLM Reasoning + Efficiency
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Before RLVR



Before RLVR
Which among the two types of data do we have more in this world?

5https://nicholasidoko.com/blog/2023/03/15/labelled-data-vs-unlabelled-data-in-machine-learning/#google_vignette

https://nicholasidoko.com/blog/2023/03/15/labelled-data-vs-unlabelled-data-in-machine-learning/


Before RLVR
Which among the two types of data do we have more in this world?


Pre-training requires Labeled Data (Texts to follow)
6https://nicholasidoko.com/blog/2023/03/15/labelled-data-vs-unlabelled-data-in-machine-learning/#google_vignette

<

https://nicholasidoko.com/blog/2023/03/15/labelled-data-vs-unlabelled-data-in-machine-learning/


Before RLVR
People started to rely more on RL due to this, as we don’t need rationale data.
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RLHF
What is RLHF (Reinforcement Learning with Human Feedback)?
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https://arxiv.org/pdf/2203.02155


RLHF
They usually use PPO-style algorithms, as we don’t want to deviate too much from 
the original model.

9

TRPO Update Rule 
Hard Constraint instead of a Penalty.

PPO-CLIP / PPO-KL 
Penalty instead of a hard constraint.

https://cameronrwolfe.substack.com/p/proximal-policy-optimization-ppo

https://cameronrwolfe.substack.com/p/proximal-policy-optimization-ppo


RLHF
Summary

10https://www.youtube.com/watch?v=z3awgfU4yno 

https://www.youtube.com/watch?v=z3awgfU4yno


RLHF and Reasoning
What is the problem of RLHF?


The reward model is trained based off on preference, not Correct / Wrong 
standards.

11https://medium.com/@mataciunasdeividas/the-simple-explanation-of-chatgpt-llm-rlhf-using-shoggoth-with-smiley-face-meme-947a0e9fb441 

https://medium.com/@mataciunasdeividas/the-simple-explanation-of-chatgpt-llm-rlhf-using-shoggoth-with-smiley-face-meme-947a0e9fb441


RLHF and Reasoning
Question we want to answer : 


Does this Preference-based learning actually have no effect on Reasoning?


How do we test this?


Reasoning Tasks are mostly Symbolic / Visual, so we test them by changing these 
tasks to Text.

12‘Large Language Models Are Not Strong Abstract Reasoners’ IJCAI 2024 Gendron et al.



RLHF and Reasoning
Example — Raven’s Progressive Matrices

13‘Large Language Models Are Not Strong Abstract Reasoners’ IJCAI 2024 Gendron et al.



RLHF and Reasoning
Results on Multiple Choice Datasets

14‘Large Language Models Are Not Strong Abstract Reasoners’ IJCAI 2024 Gendron et al.



RLHF and Reasoning
RLHF is not really the key for raising Reasoning Capabilities of LLM’s!


We need something else…

15



통계 데이터사이언스학과 석사 1학기 신재우⋅

Introduction to RLVR



Introduction to RLVR
What was RLVR again…?

17‘Tulu 3: Pushing Frontiers in Open Language Model Post-Training’ COLM 2025, Nathan Lambert et al.



Introduction to RLVR
What was RLVR again…?

18

Input : xi

Rationale : o<T

Final Answer : oT

ri = 1 (oT = yi)
‘Tulu 3: Pushing Frontiers in Open Language Model Post-Training’ COLM 2025, Nathan Lambert et al.
‘Training Verifiers to Solve Math Word Problems’ arXiv 2021, Karl Cobbe et al.



Introduction to RLVR
How does RLVR work again?

19
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Introduction to RLVR
How does RLVR work again?
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Introduction to RLVR
How does RLVR work again?
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Introduction to RLVR
How does RLVR work again?
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Introduction to RLVR
How does RLVR work again?
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Introduction to RLVR
What is the difference between RLVR and RLHF?
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Tulu 3
The first paper to introduce the concept of RLVR is actually Tulu-3.

25‘Tulu 3: Pushing Frontiers in Open Language Model Post-Training’ COLM 2025, Nathan Lambert et al.



Tulu 3
What is  here?  Advantage TermAt →

26‘Tulu 3: Pushing Frontiers in Open Language Model Post-Training’ COLM 2025, Nathan Lambert et al.

The problem for Tulu 3 is that we need to Train the Value Model.



DeepSeek
Suddenly, then DeepSeek was a thing, where they utilized Group-Relative Policy 
Optimization (GRPO) with RLVR.

27‘DeepSeekMath: Pushing the Limits of Mathematical Reasoning in Open Language Models’ arXiv 2024, DeepSeek-AI
‘DeepSeek-R1: Incentivizing Reasoning Capability in LLMs via Reinforcement Learning’ arXiv 2025, DeepSeek-AI



DeepSeek
What was GRPO again…?

28‘DeepSeekMath: Pushing the Limits of Mathematical Reasoning in Open Language Models’ arXiv 2024, DeepSeek-AI
‘DeepSeek-R1: Incentivizing Reasoning Capability in LLMs via Reinforcement Learning’ arXiv 2025, DeepSeek-AI



DeepSeek
What was GRPO again…?

29‘DeepSeekMath: Pushing the Limits of Mathematical Reasoning in Open Language Models’ arXiv 2024, DeepSeek-AI
‘DeepSeek-R1: Incentivizing Reasoning Capability in LLMs via Reinforcement Learning’ arXiv 2025, DeepSeek-AI
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DeepSeek
What was GRPO again…?

30‘DeepSeekMath: Pushing the Limits of Mathematical Reasoning in Open Language Models’ arXiv 2024, DeepSeek-AI
‘DeepSeek-R1: Incentivizing Reasoning Capability in LLMs via Reinforcement Learning’ arXiv 2025, DeepSeek-AI
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DeepSeek

31‘DeepSeekMath: Pushing the Limits of Mathematical Reasoning in Open Language Models’ arXiv 2024, DeepSeek-AI
‘DeepSeek-R1: Incentivizing Reasoning Capability in LLMs via Reinforcement Learning’ arXiv 2025, DeepSeek-AI
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2025 RLVR Trend



Research Trends
How did the Research Trends look like by the years?

33‘The State Of LLMs 2025: Progress, Problems, and Predictions’ Blog 2025 Dec Raschka, https://magazine.sebastianraschka.com/p/state-of-llms-2025 

https://magazine.sebastianraschka.com/p/state-of-llms-2025


Research Trend in 2025
2025 was mostly the year of Reasoning + RLVR, yet people still don’t know what 
RLVR exactly does.

34



Analyzing what RLVR truly unlocks
So what does RLVR enable the LLM to do exactly?


All we really know from the DeepSeek-R1 paper is “Oh look accuracy and lengths go up!”

35

‘DeepSeek-R1: Incentivizing Reasoning Capability in LLMs via Reinforcement Learning’ arXiv 2025, DeepSeek-AI
‘Reinforcement Learning with Verifiable Rewards Implicitly Incentivizes Correct Reasoning in Base LLMs’ ICLR 2026, Xumeng Wen et al.  
‘RL’s Razor: Why Online Reinforcement Learning Forgets Less’ ICLR 2026, Idan Shenfeld et al.  
‘Does Reinforcement Learning Really Incentivize Reasoning Capacity in LLMs Beyond the Base Model?’ NeurIPS 2025, Yang Yue et al.  
‘Spurious Rewards: Rethinking Training Signals in RLVR’ arXiv 2025 Rulin Shao et al.  
‘Understanding R1-Zero-Like Training: A Critical Perspective’ COLM 2025, Zichen Liu et al.
‘The Path Not Taken: RLVR Provably Learns Off the Principals’ NeurIPS Workshop Spotlight 2025, Zhu et al.

Cons — Consensus, i.e. Majority Voting



Trend 1 — Does RLVR unlock Reasoning?
When doing RLVR, does the model actually learn better reasoning? 


Or does it simply get better at sampling the right answer from previous reasoning paths?

36‘Does Reinforcement Learning Really Incentivize Reasoning Capacity in LLMs Beyond the Base Model?’ NeurIPS 2025, Yang Yue et al.  



Trend 1 — Does RLVR unlock Reasoning?
One Slide Summary :

37‘Does Reinforcement Learning Really Incentivize Reasoning Capacity in LLMs Beyond the Base Model?’ NeurIPS 2025, Yang Yue et al.  



Trend 1 — Does RLVR unlock Reasoning?
So essentially, all RLVR does is restrict to better paths.


They mainly argue this using the Pass@K metric.

38‘Does Reinforcement Learning Really Incentivize Reasoning Capacity in LLMs Beyond the Base Model?’ NeurIPS 2025, Yang Yue et al.  



Trend 1 — Does RLVR unlock Reasoning?
A different paper however argues the opposite, that RLVR truly unlocks Reasoning, 
and the problem lies in the metric Pass@K.

39‘Reinforcement Learning with Verifiable Rewards Implicitly Incentivizes Correct Reasoning in Base LLMs’ ICLR 2026, Xumeng Wen et al.  



Trend 1 — Does RLVR unlock Reasoning?
A different paper however argues the opposite, that RLVR truly unlocks Reasoning, 
and the problem lies in the metric Pass@K.

40‘Reinforcement Learning with Verifiable Rewards Implicitly Incentivizes Correct Reasoning in Base LLMs’ ICLR 2026, Xumeng Wen et al.  

Pass@K — Among K samples, 1 if at least one sample is correct.


CoT-Pass@K — Among K samples, 1 if at least one sample is :


• Final answer is Correct.


• CoT is judged correctly using an LLM.



Trend 1 — Does RLVR unlock Reasoning?
Using this new CoT-Pass@K metric, we can see if the path itself is correct or not 
too.

41‘Reinforcement Learning with Verifiable Rewards Implicitly Incentivizes Correct Reasoning in Base LLMs’ ICLR 2026, Xumeng Wen et al.  



Trend 1 — Does RLVR unlock Reasoning?
Results show under this new metric RLVR is much superior, for most datasets.

42‘Reinforcement Learning with Verifiable Rewards Implicitly Incentivizes Correct Reasoning in Base LLMs’ ICLR 2026, Xumeng Wen et al.  



Trend 1 — Does RLVR unlock Reasoning?
Results show under this new metric RLVR is much superior, for most datasets.

43‘Reinforcement Learning with Verifiable Rewards Implicitly Incentivizes Correct Reasoning in Base LLMs’ ICLR 2026, Xumeng Wen et al.  



Trend 1 — Does RLVR unlock Reasoning?
Results show under this new metric RLVR is much superior, for most datasets.

44‘Reinforcement Learning with Verifiable Rewards Implicitly Incentivizes Correct Reasoning in Base LLMs’ ICLR 2026, Xumeng Wen et al.  



Trend 1 — Does RLVR unlock Reasoning?
The question of whether RLVR actually ‘learns’ Reasoning is not truly answered, yet.

45‘Does Reinforcement Learning Really Incentivize Reasoning Capacity in LLMs Beyond the Base Model?’ NeurIPS 2025, Yang Yue et al.  
‘Reinforcement Learning with Verifiable Rewards Implicitly Incentivizes Correct Reasoning in Base LLMs’ ICLR 2026, Xumeng Wen et al.  



Trend 2 — What does RLVR Unlock?
What do we at least know what RLVR does?

46‘RL’s Razor: Why Online Reinforcement Learning Forgets Less’ ICLR 2026, Idan Shenfeld et al.  

Continual Learning — Making sure the model does not forget old things it learnt 
previously, i.e. Prevent Catastrophic Forgetting.



Trend 2 — What does RLVR Unlock?
What is the paper’s main claim?


RL is superior than SFT in preserving prior knowledge.

47‘RL’s Razor: Why Online Reinforcement Learning Forgets Less’ ICLR 2026, Idan Shenfeld et al.  



Trend 2 — What does RLVR Unlock?
This is actually True on various different tasks.

48‘RL’s Razor: Why Online Reinforcement Learning Forgets Less’ ICLR 2026, Idan Shenfeld et al.  



Trend 2 — What does RLVR Unlock?
Okay, then what are reasons for this?


SFT — “Make sure to ONLY follow this answer!”


RLVR — “Try sampling and learn from mistakes.”

49‘RL’s Razor: Why Online Reinforcement Learning Forgets Less’ ICLR 2026, Idan Shenfeld et al.  



Trend 2 — What does RLVR Unlock?
Okay, then what are reasons for this?


SFT — “Make sure to ONLY follow this answer!”


RLVR — “Try sampling and learn from mistakes.”

50‘RL’s Razor: Why Online Reinforcement Learning Forgets Less’ ICLR 2026, Idan Shenfeld et al.  
‘Entropy-Adaptive Fine-Tuning: Resolving Confident Conflicts to Mitigate Forgetting’ arXiv 2026, Diao et al.



Trend 2 — What does RLVR Unlock?
So how different is SFT and RLVR?

51‘The Path Not Taken: RLVR Provably Learns Off the Principals’ NeurIPS Workshop Spotlight 2025, Zhu et al.



Trend 2 — What does RLVR Unlock?
Most parameters don’t change after RLVR training.

52‘The Path Not Taken: RLVR Provably Learns Off the Principals’ NeurIPS Workshop Spotlight 2025, Zhu et al.

Sparsity Rate — % of parameters whose change is lower than .10−3



Trend 2 — What does RLVR Unlock?
While SFT changes principal components, RLVR does not change them.


Wait what are Principal Components?

53‘The Path Not Taken: RLVR Provably Learns Off the Principals’ NeurIPS Workshop Spotlight 2025, Zhu et al.



Trend 2 — What does RLVR Unlock?
While SFT changes principal components, RLVR does not change them.


Wait what are Principal Components?

54‘The Path Not Taken: RLVR Provably Learns Off the Principals’ NeurIPS Workshop Spotlight 2025, Zhu et al.



Trend 2 — What does RLVR Unlock?
While SFT changes principal components, RLVR does not change them.


Wait what are Principal Components?

55‘The Path Not Taken: RLVR Provably Learns Off the Principals’ NeurIPS Workshop Spotlight 2025, Zhu et al.

U[:;r]D[:r,r]V⊤
[:;r]

Principal Components — Components that match with the Top Eigenvalues 



Trend 2 — What does RLVR Unlock?
While SFT changes principal components, RLVR does not change them.


Wait what are Principal Components?

56‘The Path Not Taken: RLVR Provably Learns Off the Principals’ NeurIPS Workshop Spotlight 2025, Zhu et al.

U[:,k:]D[k:,k:]V⊤
[:,k:]

Principal Components — Components that match with the Top Eigenvalues 

Off-Principal Components — Components that match with the Bottom Eigenvalues



Trend 2 — What does RLVR Unlock?
While SFT changes principal components, RLVR does not change them.

57‘The Path Not Taken: RLVR Provably Learns Off the Principals’ NeurIPS Workshop Spotlight 2025, Zhu et al.



Trend 2 — What does RLVR Unlock?
Forcibly targeting the principal components in RLVR ruins performance.

58‘The Path Not Taken: RLVR Provably Learns Off the Principals’ NeurIPS Workshop Spotlight 2025, Zhu et al.



Trend 2 — What does RLVR Unlock?
Forcibly targeting the principal components in RLVR ruins performance.

59‘The Path Not Taken: RLVR Provably Learns Off the Principals’ NeurIPS Workshop Spotlight 2025, Zhu et al.



Trend 2 — What does RLVR Unlock?
Key Takeaway — RLVR is superior than SFT in Continual Learning, as it only 
changes very tinily.

60‘RL’s Razor: Why Online Reinforcement Learning Forgets Less’ ICLR 2026, Idan Shenfeld et al.  
‘The Path Not Taken: RLVR Provably Learns Off the Principals’ NeurIPS Workshop Spotlight 2025, Zhu et al.



Trend 3 — What actually improves RLVR?
So then what parts should we change in GRPO to actually improve the model?

61‘DeepSeek-R1: Incentivizing Reasoning Capability in LLMs via Reinforcement Learning’ arXiv 2025, DeepSeek-AI



Trend 3 — What actually improves RLVR?
So then what parts should we change in GRPO to actually improve the model?

62‘DeepSeek-R1: Incentivizing Reasoning Capability in LLMs via Reinforcement Learning’ arXiv 2025, DeepSeek-AI



Trend 3 — What actually improves RLVR?
Is output length a factor in increasing performance?

63‘DeepSeek-R1: Incentivizing Reasoning Capability in LLMs via Reinforcement Learning’ arXiv 2025, DeepSeek-AI
‘Understanding R1-Zero-Like Training: A Critical Perspective’ COLM 2025, Zichen Liu et al.



Trend 3 — What actually improves RLVR?
Is output length a factor in increasing performance?

64‘Understanding R1-Zero-Like Training: A Critical Perspective’ COLM 2025, Zichen Liu et al.

•  — Shorter answers are penalized more if .


•  — Questions that are too hard / easy are given higher weights.

oi
̂Ai < 0

std ( ⋅ )



Trend 3 — What actually improves RLVR?
Is output length a factor in increasing performance?

65‘Understanding R1-Zero-Like Training: A Critical Perspective’ COLM 2025, Zichen Liu et al.



Trend 3 — What actually improves RLVR?
Despite lower output length, benchmark scores are the same  Output Length 
does not really matter.

→

66‘Understanding R1-Zero-Like Training: A Critical Perspective’ COLM 2025, Zichen Liu et al.



Trend 3 — What actually improves RLVR?
What about the Reward Functions? Does changing them affect performance?

67‘Spurious Rewards: Rethinking Training Signals in RLVR’ arXiv 2025 Rulin Shao et al.  



Trend 3 — What actually improves RLVR?
What about the Reward Functions? Does changing them affect performance?


Yes, but there are Failure Modes (Qwen).

68‘Spurious Rewards: Rethinking Training Signals in RLVR’ arXiv 2025 Rulin Shao et al.  



Trend 3 — What actually improves RLVR?
What about the Objective Functions?

69‘DeepSeek-R1: Incentivizing Reasoning Capability in LLMs via Reinforcement Learning’ arXiv 2025, DeepSeek-AI
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Trend 3 — What actually improves RLVR?
What about the Objective Functions?

70‘DeepSeek-R1: Incentivizing Reasoning Capability in LLMs via Reinforcement Learning’ arXiv 2025, DeepSeek-AI
‘DAPO: An Open-Source LLM Reinforcement Learning System at Scale’ NeurIPS 2025, ByteDance
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Trend 3 — What actually improves RLVR?
What about the Objective Functions?

71‘DeepSeek-R1: Incentivizing Reasoning Capability in LLMs via Reinforcement Learning’ arXiv 2025, DeepSeek-AI
‘DAPO: An Open-Source LLM Reinforcement Learning System at Scale’ NeurIPS 2025, ByteDance

JGRPO(θ) = 𝔼x,{yi}
1
G
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DAPO — Allows more dynamic sampling, linked to Exploration.



Trend 3 — What actually improves RLVR?
What about the Objective Functions?

72
‘DeepSeek-R1: Incentivizing Reasoning Capability in LLMs via Reinforcement Learning’ arXiv 2025, DeepSeek-AI
‘DAPO: An Open-Source LLM Reinforcement Learning System at Scale’ NeurIPS 2025, ByteDance
‘Group Sequence Policy Optimization’ arXiv 2025, Qwen

JGRPO(θ) = 𝔼x,{yi}
1
G
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1
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∑
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DAPO — Allows more dynamic sampling, linked to Exploration.


GSPO — Move clipping to whole sequences to reduce variance and stabilize long 
generations.

si(θ) = (
πθ (yi ∣ x)

πθold (yi ∣ x) )
1
yi



Trend 3 — What actually improves RLVR?
What about the Objective Functions?

73

‘DeepSeek-R1: Incentivizing Reasoning Capability in LLMs via Reinforcement Learning’ arXiv 2025, DeepSeek-AI
‘DAPO: An Open-Source LLM Reinforcement Learning System at Scale’ NeurIPS 2025, ByteDance
‘Group Sequence Policy Optimization’ arXiv 2025, Qwen
‘MiniMax-M1: Scaling Test-Time Compute Efficiently with Lightning Attention’ arXiv 2025, MINIMAX

JGRPO(θ) = 𝔼x,{yi}
1
G
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∑
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min (ri,t(θ) ̂A i, clip (ri,t(θ),1 − ε,1 + ε) ̂A i) − βDKL (πθ∥πref)
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sg (ri,t(θ)) ̂A i,t log πθ (yi,t ∣ x, yi,<t) Mi,t

DAPO — Allows more dynamic sampling, linked to Exploration.


GSPO — Move clipping to whole sequences to reduce variance and stabilize long generations.


CISPO — Clip the importance weight, not the objective for simpler gradients + stable scaling.



Trend 3 — What actually improves RLVR?
So do Objective Functions change anything?


Yes, but we need to view them in the long-term.

74‘The Art of Scaling Reinforcement Learning Compute for LLMs’ ICLR Oral 2026 Meta



Trend 3 — What actually improves RLVR?
What other factors change in the long-term?

75‘The Art of Scaling Reinforcement Learning Compute for LLMs’ ICLR Oral 2026 Meta



Trend 3 — What actually improves RLVR?
Off-Policy vs On-Policy

76‘The Art of Scaling Reinforcement Learning Compute for LLMs’ ICLR Oral 2026 Meta

Off-Policy-K — As K , we do more frequent updates, but the Off-Policy mechanism doesn’t 
change.


PipelineRL — As K , it is closer to On-Policy.


On-Policy / Off-Policy doesn’t really change the limit.

↑

↓



Trend 3 — What actually improves RLVR?
Off-Policy vs On-Policy

77‘The Art of Scaling Reinforcement Learning Compute for LLMs’ ICLR Oral 2026 Meta

Off-Policy-K — As K , we do more frequent updates, but the Off-Policy mechanism doesn’t 
change.


PipelineRL — As K , it is closer to On-Policy.


On-Policy / Off-Policy doesn’t really change the limit.

↑

↓



Trend 3 — What actually improves RLVR?
Various Objective Functions

78‘The Art of Scaling Reinforcement Learning Compute for LLMs’ ICLR Oral 2026 Meta

Objective Functions do change the limit, details about them will be ignored in this 
presentation.



Trend 3 — What actually improves RLVR?
FP32 Precisions

79‘The Art of Scaling Reinforcement Learning Compute for LLMs’ ICLR Oral 2026 Meta

FP32 vs. FP16 matters!



Trend 3 — What actually improves RLVR?
Reward Functions, Objective Functions, FP32 matter in improving RLVR.


 Improving RLVR is mainly more related to Stable and Safe updates in weights!→

80‘Spurious Rewards: Rethinking Training Signals in RLVR’ arXiv 2025 Rulin Shao et al.  
‘The Art of Scaling Reinforcement Learning Compute for LLMs’ ICLR Oral 2026 Meta



Current Trend
There are a lot of unanswered questions in RLVR, but there are also a lot of findings 
accomplished in 2025.


People are starting to look deeper into these questions, as well as utilize the findings 
to make better models / algorithms.
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Summary
2025 Trend :


• Trend 1 — Does RLVR Truly unlock Reasoning?


• Trend 2 — What does RLVR Unlock?


• Trend 3 — What actually improves RLVR?


What can we take away from all of this?


• Although we partially know on what RLVR does, it is still not fully answered if it is 
worth using it for Reasoning.


• There is not much research yet on actually utilizing the Findings to actually 
improve RLVR.
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