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Motivation

Related Work: Several approaches have been
proposed to mitigate the reduced probabilities of
preferred responses in DPO, which is undesirable as it
often degrades model performance by diverting
probability mass away from optimal response.

Background: We identify Lazy Likelihood
Displacement (LLD), wherein the likelihood of
correct responses marginally increases or even
decreases during training.

Observations

Focus & Contribution

Questions:

(1) Why does GRPO training
sometimes reduce the probability of
correct responses?

(2) Can we identify the sources of
LLD?

(3) Can we mitigate this misalignment
without losing data efficiency?

GRPO training’s influence of the likelihood change of correct responses:

GRPO Learning Dynamics

Our Contribution:

Q.1

LLD AnalysisQ.2

Selective NTHR PenalizationQ.3

Q.1 Theory Undersntanding

Theorem (GRPO learning dynamics, informal): The likelihood change of
correct responses will be lazy if the following quantity increases

Math Question: Find the greatest integer value of b for which the expression has
a domain of all real numbers.

Ground-truth Answer: 5 Sample: [Math dataset], Model: [Qwen-0.5B-Ins]
Answer: To solve this problem, we need to …

Illustration of the
sample highlighted by
the red block in first
figure. Mostly, LLD
samples are:

(1) Almost Correct

(2) Format Issue

Q.2 &Q.3 Analysis and NTHR 

NTHR Selective Penalization: We use
GWHES score and reduce the penalty for
negative tokens whose GWHES scores exceed
a given threshold.

Using GWHES (Eq. (5) ) score can effectively 
identify LLD samples compared with random 
selection.

Effectively mitigates the LLD issue: green lines 
show a larger increased likelihood

Improved greedy decoding performance.

Borader Impact
We take this opportunity to highlight two 

of our recent related works. 

[1] On GRPO Collapse in Search-R1: The Lazy
Likelihood-Displacement Death Spiral.
[2] Advantage Shaping as Surrogate Reward
Maximization: Unifying Pass@K Policy
Gradients

[1] LLD is the source of GRPO collapse 
in Tool-integrated mult-turn RL. 

Case study using Search-R1, demonstrating strong LLD. 

We provide a simple regularization to make training stable.

[2] We unify direct optimization and 
advantage shaping of recent GRPO-
variants.
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