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ABSTRACT

Recent advances in large language models (LLMs) highlight the importance of
post-training techniques for improving reasoning and mathematical ability. Group
Relative Policy Optimization (GRPO) has shown promise in this domain by com-
bining group-relative advantage estimation, PPO-style clipping, and KL regular-
ization. However, its complexity raises the question of whether all components
are necessary for fostering reasoning behaviors. We conduct a systematic analy-
sis of GRPO and identify two key findings: (1) incorporating negative feedback
is essential—training solely on actions above a baseline limits learning; and (2)
PPO-style constraints, such as policy ratio clipping, are not required to improve
mathematical reasoning or performance. Building on these insights, we propose
REINFORCE with Group Relative Advantage (RGRA), a simplified variant that
retains group-relative advantage estimation but removes PPO-style clipping and
policy ratio terms. Experiments across standard mathematical benchmarks indi-
cate that RGRA has the potential to achieve stronger performance than GRPO.
Our results suggest that simpler REINFORCE-based approaches can effectively
enhance reasoning in LLMs, offering a more transparent and efficient alternative
to GRPO.

1 INTRODUCTION

Recent advancements in artificial intelligence have been largely driven by large language models
(LLMs) (OpenAI et al., 2024; Team et al., 2025; Jiang et al., 2024), which demonstrate remarkable
capabilities across a wide range of tasks, from text translation Becker et al. (2024) to complex math-
ematical problem-solving Wang et al. (2025). A key factor in their progress has been improvements
in the post-training phase, which aligns model outputs more closely with human preferences and
enhances task-specific performance.

To address this challenge, researchers introduced approaches such as Reinforcement Learning from
Human Feedback (RLHF), which trains models using reward signals designed to approximate hu-
man prefernces. Early RLHF methods, like Proximal Policy Optimization (PPO) (Schulman et al.,
2017b), relied on two separate models: a policy model (the LLM to be aligned), a reward model
(Ouyang et al., 2022a), and a value model which adds computational and implementation complex-
ity.

Recently, Group Relative Policy Optimization (GRPO) (Shao et al., 2024a) has emerged as a promis-
ing alternative. Introduced in Shao et al. (2024a), GRPO eliminates the need for a value model by es-
timating advantages as normalized rewards across a sampled group of completions for each prompt.
This innovation simplifies the training pipeline while achieving strong performance on mathemati-
cal reasoning benchmarks. Building on this, the DEEPSEEK-R1 model (DeepSeek-AI et al., 2025)
demonstrated that combining GRPO with simple rule-based rewards for format and correctness can
elicit extended reasoning traces and complex reasoning behaviors.

Despite its empirical success, GRPO’s loss function combines several components — group-relative
advantage estimation, PPO-style clipping, and KL regularization — resulting in a level of complex-
ity that may not be strictly necessary for effective learning. This observation is underscored by recent
GRPO variants targeting scalability, stability, and efficiency: Prefix Grouper optimizes shared-prefix
encoding for faster training (Liu et al., 2025b), CPPO prunes low-advantage completions to reduce
sampling cost (Lin et al., 2025b), DAPO introduces an increased upper clipping range to increase
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the exploration of the policy Yu et al. (2025), S-GRPO facilitates early exit, allowing the model
to focus only on the essential reasoning steps (Dai et al., 2025), and GTPO addresses token-level
conflicts and policy collapse by introducing trajectory-level protection mechanisms (Simoni et al.,
2025). Together, these works highlight both the promise of GRPO-style optimization and the poten-
tial overengineering of its current formulation.

In this work, we take a complementary approach: rather than proposing yet another GRPO variant,
we systematically analyze and simplify its loss function. By isolating and removing individual com-
ponents, we aim to identify which elements are essential for enabling learning and which can be
simplified or removed without substantially compromising performance. Furthermore, we evaluate
whether simpler reinforcement learning methods — including variants of REINFORCE (Ahmadian
et al., 2024) and Rejection Sampling Fine-Tuning (RAFT) (Liu et al., 2024) — can match or surpass
the performance improvements achieved by GRPO-trained models on mathematical reasoning tasks.
This analysis contributes both conceptual clarity and practical guidance for designing efficient and
robust post-training strategies for reasoning-focused LLMs.

2 BACKGROUND

2.1 RELATED WORK

Reasoning in Large Language Models. Recent advancements in large language models (LLMs)
have shown that, once models reach sufficient scale, they exhibit emergent behaviors, including
the capacity for reasoning (Wei et al., 2022). Many studies have addressed how to improve rea-
soning. One approach is to provide explicit reasoning examples during inference or training. For
example, Wei et al. (2023a) demonstrated that prompting models with structured reasoning instruc-
tions, such as chain-of-thought examples or simple cues like Let’s think step by step, can induce
explicit multi-step reasoning traces. Other efforts focus on supervised fine-tuning with reasoning
annotations. Early work by Rajani et al. (2019) improved reasoning in smaller models by training
on human-written rationales, while later approaches such as STaR (Zelikman et al., 2022) employed
self-generated rationales, fine-tuning models on their own successful reasoning trajectories. A com-
plementary line of research addresses the decoding phase, leveraging search algorithms to encourage
reasoning exploration. For example, Luo et al. (2024) employed tree-based search, such as Monte
Carlo Tree Search, to dynamically explore reasoning paths during generation.

Reinforcement Learning in LLMs. Reinforcement learning (RL) has long been central in decision-
making tasks (Mnih et al., 2016; 2015; Berner et al., 2019), and is now widely adopted for aligning
and fine-tuning LLMs. RL from Human Feedback (RLHF) for LLMs was introduced in InstructGPT
(Ouyang et al., 2022b) and subsequently refined by Anthropic (Bai et al., 2022). RLHF has become
a cornerstone in training pipelines for models such as Claude 3 (Anthropic, 2024), Gemini (Anil
et al., 2023), and GPT-4 (OpenAI, 2023). Typically, RLHF involves supervised fine-tuning, a reward
model, and Proximal Policy Optimization (PPO) (Schulman et al., 2017a). PPO stabilizes training
by constraining updates through a clipped surrogate objective, providing a practical alternative to
Trust Region Policy Optimization (TRPO) (Schulman et al., 2015). Nonetheless, PPO remains
sensitive to reward scaling and prone to instability (Wang et al., 2019; Garg et al., 2021; Moalla
et al., 2024), which has motivated refinements such as TRGPPO (Wang et al., 2019), alphaPPO (Xu
et al., 2023), and PPO-ALR (Jia et al., 2024). Recent analyses further question whether the standard
RL challenges motivating PPO apply in the LLM setting: Ahmadian et al. (2024) argue that pre-
trained LLMs represent strong policies whose variance properties differ substantially from typical
RL agents, suggesting that simpler policy-gradient methods may suffice.

Advancements and Limitations in GRPO. DeepSeek introduced Group Relative Policy Optimiza-
tion (GRPO) (Shao et al., 2024b; Guo et al., 2025) to eliminate the critic model by leveraging relative
rewards across multiple responses. This technique achieves state-of-the-art performance on math
benchmarks and demonstrates that reasoning can emerge as a by-product of reinforcement learning
(Guo et al., 2025). Specifically, by training on problems with verifiable answers (e.g., mathematics)
using simple correctness and format rewards, GRPO-based models autonomously learned to extend
their reasoning length, effectively allocating more compute to reasoning — a phenomenon now re-
ferred to as inference-time scaling. As a result, GRPO has become a de facto standard for inducing
reasoning in LLMs.
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However, emerging studies identify several limitations. Bias effects can skew relative comparisons
(He et al., 2025), gradient imbalance may undertrain rare yet informative tokens (Yang et al., 2025;
Liu et al., 2025a), and, as in PPO, model performance can degrade or collapse (Dohare et al., 2023).
To address these issues, multiple variants have been proposed, including efficiency-focused meth-
ods (e.g., CPPO (Lin et al., 2025a)), stability-oriented designs (e.g., S-GRPO (Dai et al., 2025)), and
token-level conflict resolution (e.g., GTPO (Simoni et al., 2025)). Complementary analyses deepen
our understanding of token-sharing conflicts across completions, as well as policy-collapse mech-
anisms, highlighting the limits of KL-based constraints and motivating entropy-based approaches
(Cui et al., 2025).

Positioning of this Work. Building on these developments, we conduct a systematic analysis of
GRPO with a focus on mathematical reasoning tasks. We identify which components of the algo-
rithm are essential and which can be simplified without loss of performance. In particular, we in-
vestigate whether a REINFORCE-based approach with group-relative advantages — our proposed
REINFORCE with Group Relative Advantage (RGRA) — can match or surpass GRPO, offering a
more transparent and efficient alternative for reasoning-focused post-training.

2.2 PRELIMINARIES

Reinforcement Learning (RL) is a subfield of machine learning in which an agent learns by inter-
acting with its environment in order to improve its performance over time. The goal is to find the
policy π that maximizes the expected cumulative reward, which can be expressed as:

J(θ) = Eτ∼πθ
[G(τ)]

where G(τ) denotes the return of a trajectory τ sampled from policy πθ.

REINFORCE and Policy Gradient Methods For large language models, the reinforcement
learning algorithms most commonly used in the post-training phase belong to the class of policy
gradient methods. These methods optimize the policy directly by adjusting its parameters through
gradient ascent in the direction that maximizes the expected reward:

θ ← θ + α∇θJ(θ),

where α is the learning rate and ∇θJ(θ) denotes the policy gradient. The policy gradient can be
expressed as:

∇θJ(θ) = Eτ∼πθ
[∇θ log πθ(τ)G(τ)]

Here, πθ(τ) denotes the probability of generating the entire trajectory τ =
(s0, a0, s1, a1, . . . , sT , aT ) under the policy, and G(τ) represents the return, that is, the cu-
mulative reward associated with the full trajectory. When G(τ) is estimated through Monte Carlo
rollouts of complete episodes, the method corresponds to the REINFORCE algorithm, originally
introduced in Williams (1992).

PPO A widely used algorithm in the post-training phase of large language models is Proxi-
mal Policy Optimization (PPO). PPO is an actor–critic method that stabilizes training and reduces
variance in reinforcement learning by employing a clipped surrogate objective. In this setting, the
actions at correspond to the output tokens ot, while the state st is defined by the prompt q together
with the previously generated tokens o<t.

JPPO(θ) = E [q ∼ P (Q), o ∼ πθold(O | q)]

1

|o|

|o|∑
t=1

{
min

[
πθ(ot | q, oi,<t)

πθold(ot | q, oi,<t)
At, clip

(
πθ(ot | q, oi,<t)

πθold(ot | q, oi,<t)
, 1− ϵ, 1 + ϵ

)
At

]}
Here, πθ and πθold denote the current and previous policy models, respectively. The parameter ϵ is

the clipping coefficient, which constrains the policy ratio to the interval (1−ϵ, 1+ϵ). The advantage
function At is typically estimated using Generalized Advantage Estimation (GAE) Schulman et al.
(2018), which relies on the rewards rt for each time step and a value function. The value function,
usually parameterized by a model of comparable size to the policy model, acts as a baseline when
computing the advantage.

GRPO Group Relative Policy Optimization improves RL for LLMs by observing that the value
model can be omitted, and the baseline can instead be inferred directly from group statistics. In
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particular, the advantage estimation is computed as:

Âi,t =
ri −mean(r1, ..., rG)

std(r1, ..., rG)

where ri denotes the reward assigned to output oi within the group of G sampled outputs (o1, ..., oG)
generated from the same prompt. Moreover, the KL penalty with respect to a reference model,
originally applied to the reward at each token Shao et al. (2024a), is instead incorporated directly
into the loss function. This results in the following loss:

JGRPO(θ) = E
[
q ∼ P (Q), {oi}Gi=1 ∼ πθold(O | q)

]
(1)

1

G

G∑
i=1

1

|oi|

|oi|∑
t=1

{
min

[
ri,tÂi,t, clip (ri,t, 1− ϵ, 1 + ϵ) Âi,t

]
− βDKL [πθ∥πref]

}
where

ri,t =
πθ(oi,t | q, oi,<t)

πθold(oi,t | q, oi,<t)
.

and β is the parameter controlling the KL regularization.

RAFT RAFT aims to provide an alternative to traditional RL methods for LLMs. The proposed
algorithm operates by sampling multiple responses for each prompt in a batch, ranking these gener-
ated completions using the rewards, and then selecting the highest-ranked response for each prompt.
These top responses are then used to construct a new dataset, which serves as the training data for
supervised fine-tuning using cross-entropy loss.

3 EXPERIMENTS

3.1 EXPERIMENTAL SETUP

Training Datasets We constructed our training set using problems drawn from GSM8K (Cobbe
et al., 2021), a widely used benchmark for grade-school mathematics reasoning. From the training
split of the dataset we randomly sampled 1,800 instances. This dataset was selected as it has been
explicitly decontaminated from the training corpora of the models employed in our study (Qwen
et al., 2025), ensuring unbiased evaluation. It serves as the basis for a quantitative assessment of
both performance improvements and training stability.

Benchmarks To comprehensively assess the emerging capabilities of the different models in
reasoning tasks, we select nine different benchmarks that reflect a diverse level of complexity. We
consider five Math-English benchmarks: the testing split of GSM8K Cobbe et al. (2021), MATH
(Hendrycks et al., 2021b), Gaokao2023-Math-En Liao et al. (2024), OlympiadBench (He et al.,
2024), AMC23 Yang et al. (2024). Then, we consider two Chinese Math benchmarks CMATH
Wei et al. (2023b) and the CN-Middle-School Yang et al. (2024). Finally, we consider two STEM
benchmarks: MMLU-STEM (English) Hendrycks et al. (2021a) and Gaokao2024 (Chinese)Zhong
et al. (2023).

Models We evaluate the proposed training schemes on two instruction-tuned variants of the
Qwen2.5 family (Qwen et al., 2025), specifically the 0.5B and 1.5B parameter models and the
instruction-tuned 1B paramenters model of the Llama3.2 family Grattafiori et al. (2024). Those
models are trained on the GSM8K benchmark, enabling a comparative analysis across small scales.

Evaluation To evaluate our model, we calculate the accuracy on a variety of standard bench-
mark datasets, including English and Chinese. We evaluate the benchmark accuracy of the different
models, to understand the capabilities of the models to generalize over different tasks. We also con-
sider training metrics such as average response length, which allows to monitor the ability to learn
reasoning, and the average reward obtained by the models during training.

Experimental Details To fine-tune the models, we employ LoRA with a rank of 128, effectively
reducing the number of trainable parameters to approximately 10% of the original model size. In
addition, we incorporate other efficiency techniques such as gradient accumulation and gradient
checkpointing. For inference, we adopt VLLM as the underlying engine. For each prompt in the
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dataset, we generate a group of 8 completions. The maximum number of tokens generated per
completion is set to 512. For the reward system, we implemented two distinct reward signals. The
first is a format reward, granting 0.1 points to outputs that follow the specified format. The second
is a correctness reward, awarding 1 point for answers that correctly solve the given task. A complete
list of experimental parameters can be found in Appendix A.

3.2 EXPERIMENTS

We present a series of experiments designed to simplify and decompose the GRPO loss function.
Our motivation stems from the observation that, although GRPO has proven effective in improving
model performance on mathematical tasks, its structure, which combines group-relative advantage
estimation, PPO-style clipping, and KL regularization, introduces a level of complexity that may not
be strictly necessary for effective learning.

By systematically isolating and removing individual components, we aim to identify which elements
are essential for enabling learning and which can be simplified or omitted without significantly
degrading performance.

To this end, we examine three distinct variants of GRPO, evaluating how each simplification af-
fects mathematical performance and the emergence of reasoning abilities in LLMs. Specifically, we
analyze:

• Positive-only Advantages: We examine the effect of training exclusively on actions that
outperform the current baseline, focusing learning on high-reward behaviors and ignoring
negative feedback.

JGRPO pos(θ) = E
[
q ∼ P (Q), {oi}Gi=1 ∼ πθold(O | q)

]
1

G

G∑
i=1

1

|oi|

|oi|∑
t=1

{
min

[
ri,tÃi,t, clip (ri,t, 1− ϵ, 1 + ϵ) Ãi,t

]
− βDKL [πθ∥πref]

}
where the modified advantage term is given by:

Ãi,t =

{
Âi,t if Âi,t > 0

0 otherwise

• RGRA - Removing PPO-style Constraints: Inspired by Ahmadian et al. (2024), we in-
vestigate the necessity of PPO-style clipping. In this variant, we remove policy ratios
and clipping, proposing a REINFORCE variant that preserves GRPO’s group-relative ad-
vantage estimation. We refer to this simplified approach as RGRA, characterized by the
following gradient:

∇θJRGRA(θ) = E
[
q ∼ P (Q), {oi}Gi=1 ∼ πθ(O | q)

]
(2)

1

G

G∑
i=1

1

|oi|

|oi|∑
t=1

{
∇θ log πθ(oi,t | q, oi,<t) · Âi,t − β∇θDKL[πθ ∥πref]

}
• REINFORCE with Direct Rewards: In this variant, we start from RGRA, remove the

group-relative advantage estimation, and train directly on the raw reward signal.

Following these investigations, we also evaluated the impact of adopting a simpler rejection sam-
pling strategy that uses a simple cross-entropy, RAFT Dong et al. (2023). The results of the pro-
posed fine-tuning techniques are further compared with those achieved by the fine-tuned version of
the models considered.

4 RESULTS AND DISCUSSION

Figure 1 reports average reward and response length during training on GSM8K for Qwen2.5 0.5B,
1.5B and Llama3.2 1B models across different objectives. Training with positive-only advantages
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(a) Average reward – Qwen 2.5 0.5B (b) Average response length – Qwen 2.5 0.5B

(c) Average reward – Qwen 2.5 1.5B (d) Average response length – Qwen 2.5 1.5B

(e) Average reward – Llama 3.2 1B (f) Average response length – Llama 3.2 1B

Figure 1: Training metrics (10-step running average).
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Math-English Benchmarks

Model Method GSM8K MATH
Gaokao2023

Math-En
Olympiad

Bench AMC23 Avg
Qwen2.5-0.5-it - 41.5 22.6 21.0 6.2 7.5 19.8
Qwen2.5-1.5-it - 61.1 38.9 35.1 11.4 17.5 32.8
Llama3.2-1.0-it - 37.9 18.9 14.5 4.6 10.0 13.4
Qwen2.5-0.5-it GRPO 50.9 30.3 30.4 8.9 7.5 25.6
Qwen2.5-1.5-it GRPO 71.0 44.2 38.7 12.6 20.0 37.3
Llama3.2-1.0-it GRPO 43.0 22.9 17.4 4.6 12.5 20.1
Qwen2.5-0.5-it GRPO-pos 35.6 21.1 19.7 6.1 2.5 17.0
Qwen2.5-1.5-it GRPO-pos 70.6 41.0 38.7 10.7 17.5 35.7
Llama3.2-1.0-it GRPO-pos 41.3 21.8 18.2 5.0 12.5 19.8
Qwen2.5-0.5-it RGRA 53.1 32.1 29.1 8.3 10.0 26.5
Qwen2.5-1.5-it RGRA 72.7 46.7 42.6 12.0 17.5 38.3
Llama3.2-1.0-it RGRA 43.3 21.4 19.0 5.0 12.5 20.2
Qwen2.5-0.5-it RAFT 14.1 12.0 10.9 4.0 2.5 8.7
Qwen2.5-1.5-it RAFT 67.0 40.0 36.6 11.3 25.0 36.0
Llama3.2-1.0-it RAFT 41.8 21.0 17.4 4.7 10.0 19.0
Qwen2.5-0.5-it REINFORCE 44.7 26.1 24.7 4.9 12.5 22.6
Qwen2.5-1.5-it REINFORCE 63.6 37.6 31.9 8.7 12.5 30.9
Llama3.2-1.0-it REINFORCE 41.1 22.0 17.7 4.0 10.0 19.0
Qwen2.5-0.5-it ft 39.5 20.7 20.8 5.0 7.5 18.7
Qwen2.5-1.5-it ft 63.8 33.2 28.1 10.7 2.5 27.7
Llama3.2-1.0-it ft 33.8 17.7 13.0 4.7 5.0 14.8

Table 1: Performance of trained models on English Math benchmarks. All models are trained using
gsm8k Dataset.

Chinese Math Benchmarks
Model Method CMATH CN-Middle-School Avg
Qwen2.5-0.5-it - 34.3 42.6 38.5
Qwen2.5-1.5-it - 52.3 51.5 51.9
Llama3.2-1.0-it - 29.5 24.8 27.2
Qwen2.5-0.5-it GRPO 51.2 51.5 51.4
Qwen2.5-1.5-it GRPO 75.0 56.4 65.7
Llama3.2-1.0-it GRPO 33.5 26.7 30.1
Qwen2.5-0.5-it GRPO-pos 46.3 36.6 41.4
Qwen2.5-1.5-it GRPO-pos 71.2 59.4 65.3
Llama3.2-1.0-it GRPO-pos 35.7 24.8 30.3
Qwen2.5-0.5-it RGRA 54.8 55.4 55.1
Qwen2.5-1.5-it RGRA 72.3 66.3 69.3
Llama3.2-1.0-it RGRA 27.5 25.7 26.6
Qwen2.5-0.5-it RAFT 35.2 32.7 34.0
Qwen2.5-1.5-it RAFT 66.2 55.4 60.8
Llama3.2-1.0-it RAFT 34.8 21.8 28.3
Qwen2.5-0.5-it REINFORCE 42.7 43.6 43.2
Qwen2.5-1.5-it REINFORCE 71.0 55.4 63.2
Llama3.2-1.0-it REINFORCE 30.0 25.7 27.9
Qwen2.5-0.5-it ft 29.2 42.6 35.9
Qwen2.5-1.5-it ft 65.3 53.5 59.4
Llama3.2-1.0-it ft 26.2 15.8 21.0

Table 2: Performance of trained models on Chinese Math benchmarks. All models are trained using
gsm8k Dataset.
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STEM Benchmarks
Model Method English (MMLU-STEM) Chinese (Gaokao2024) Avg
Qwen2.5-0.5-it - 40.6 24.4 32.5
Qwen2.5-1.5-it - 59.2 31.5 45.4
Llama3.2-1.0-it - 31.7 13.7 22.7
Qwen2.5-0.5-it GRPO 41.3 21.2 31.3
Qwen2.5-1.5-it GRPO 58.7 32.6 45.7
Llama3.2-1.0-it GRPO 32.6 17.2 24.9
Qwen2.5-0.5-it GRPO-pos 39.7 19.6 29.7
Qwen2.5-1.5-it GRPO-pos 59.5 33.9 46.7
Llama3.2-1.0-it GRPO-pos 32.4 12.8 22.6
Qwen2.5-0.5-it RGRA 42.0 26.5 34.3
Qwen2.5-1.5-it RGRA 60.1 41.2 50.7
Llama3.2-1.0-it RGRA 33.5 11.4 22.5
Qwen2.5-0.5-it RAFT 39.7 20.2 30.0
Qwen2.5-1.5-it RAFT 58.2 33.9 46.1
Llama3.2-1.0-it RAFT 31.6 14.0 22.8
Qwen2.5-0.5-it REINFORCE 41.1 25.7 33.4
Qwen2.5-1.5-it REINFORCE 57.9 31.1 44.5
Llama3.2-1.0-it REINFORCE 32.8 11.1 22.0
Qwen2.5-0.5-it ft 39.4 17.1 28.3
Qwen2.5-1.5-it ft 55.5 24.4 40.0
Llama3.2-1.0-it ft 31.7 12.9 22.3

Table 3: Performance of trained models on STEM benchmarks (English: MMLU, Chinese:
Gaokao2024). All models are trained using gsm8k Dataset.

and RAFT exhibits severe instability, particularly in the 0.5B model, where both reward and re-
sponse length collapse within the first 20 steps. This collapse manifests as degenerate outputs of
minimal length, indicating a reward-hacking phenomenon where the model exploits the absence
of negative feedback by converging toward trivial responses. Although the 1.5B and 1B models
trained under these regimes avoid immediate collapse, they still demonstrate reward stagnation and
gradual shortening of responses, suggesting that discarding negative feedback systematically biases
models toward under-exploration and degraded reasoning. By contrast, GRPO and RGRA main-
tain stable training dynamics in both model sizes, both achieving comparable reward trajectories.
These findings reinforce that advantage estimation is essential for stabilizing reinforcement learning
in LLMs, while PPO-style clipping is not strictly required when initializing from strong policies.
However, training with direct REINFORCE on raw rewards collapses even in the larger 1.5B model,
underscoring the indispensable role of advantage estimation for stability.

Math-English Benchmarks The performance of trained models on English mathematical rea-
soning tasks is reported in Table 1. First, we can observe that models trained with RAFT or
positive-only GRPO show worse performance compared to both GRPO and RGRA. Especially for
the Qwen2.5 0.5B model. This poor result aligns with the observed training collapse and response
truncation. Second, GRPO achieves consistent improvements over instruction-tuned baselines, par-
ticularly on GSM8K and MATH, but RGRA outperforms GRPO in most settings. Specifically,
RGRA achieves the highest average performance across the Math-English benchmarks for the three
models used, surpassing GRPO in 17 out of 27 individual comparisons. This further supports the
claim that PPO-style constraints are not necessary for effective learning from strong initialization.

Chinese Math Benchmarks The results on CMATH and CN-Middle-School (Table 2) reveal a
similar pattern. RAFT and positive-only GRPO exhibit weaker performance with respect to GRPO.
In contrast, RGRA delivers the strongest results in the Qwen2.5 models, achieving average accura-
cies of 55.1 (0.5B) and 65.3 (1.5B), exceeding both standard GRPO and fine-tuned baselines.

STEM Benchmarks Performance in STEM-related evaluations (MMLU-STEM and
Gaokao2024-STEM, see Table 3) further illustrates the limitations of training regimes that ignore
negative feedback. RAFT and positive-only GRPO again fail to surpass fine-tuned baselines. GRPO
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shows modest improvements and outperforms the other methods on Llama3.2. By contrast, RGRA
achieves the best improvements on the Qwen2.5 models.

Emergence of Reasoning Behaviors Beyond raw benchmark scores, training methods also differ in
their ability to induce reasoning behaviors. On the Countdown dataset, we observe that RAFT and
positive-only GRPO models fail to generate explicit reasoning steps, instead outputting direct final
answers (Figure 2(a)). Conversely, GRPO and RGRA models exhibit emergent reasoning, including
explicit re-evaluation of intermediate answers (Figure 2(b)). This highlights that robust training
regimes not only stabilize learning and improve benchmark scores but also foster the development
of interpretable reasoning strategies in LLMs.

(a) Answer without reasoning
trace.

(b) Answer with reasoning trace.

Figure 2: Comparison of answers with and without reasoning traces.

5 CONCLUSION

In this work, we investigated the GRPO loss function with the goal of disentangling its components
and identifying which are essential for effective post-training of large language models. Through
a series of controlled ablations and benchmark evaluations, we analyzed the impact of retaining
or removing specific elements of the objective on learning stability, mathematical reasoning, and
generalization across tasks and languages.

Our results demonstrate three key findings. First, negative feedback is indispensable: methods that
ignore it—such as RAFT or positive-only GRPO—exhibit instability, collapse, and consistently
degraded performance. Second, advantage estimation is crucial: removing it, as in REINFORCE
with direct rewards, destabilizes learning even in larger models with strong initial policies. Third,
PPO-style clipping is unnecessary: eliminating clipping and policy ratios does not harm stability;
instead, it simplifies training and can lead to improved performance.

These insights motivated the introduction of RGRA, a simplified variant of GRPO that discards
PPO-style constraints while preserving group-relative advantage estimation. Across training dynam-
ics, multilingual mathematical benchmarks, STEM evaluations, and reasoning behavior analyses,
RGRA not only achieves stable learning but also surpasses GRPO on 17 over 27 tasks, establishing
it as a competitive reinforcement learning objective for reasoning tasks.

Overall, this study advances our understanding of how reinforcement learning objectives shape the
post-training of large language models. By showing that GRPO can be simplified without sacrificing
performance, we lay the groundwork for future research on reinforcement learning strategies that
further enhance reasoning capabilities and generalization in LLMs.

Future works will consider exploring additional tasks outside the mathematical domain. An ad-
ditional research work could address larger models, which was not possible here due to hardware
constraints.

6 REPRODUCIBILITY STATEMENT

We provide detailed descriptions of each algorithm in Section 3 and Appendix A, including the
techniques, fine-tuned hyperparameters, and infrastructures used in our experiments. The link to our
code is https://anonymous.4open.science/r/math_llms-FE4E/README.md.
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Hanna Klimczak-Plucińska, David Bridson, Dario de Cesare, Tom Hudson, Piermaria Mendolic-
chio, Lexi Walker, Alex Morris, Matthew Mauger, Alexey Guseynov, Alison Reid, Seth Odoom,
Lucia Loher, Victor Cotruta, Madhavi Yenugula, Dominik Grewe, Anastasia Petrushkina, Tom
Duerig, Antonio Sanchez, Steve Yadlowsky, Amy Shen, Amir Globerson, Lynette Webb, Sahil
Dua, Dong Li, Surya Bhupatiraju, Dan Hurt, Haroon Qureshi, Ananth Agarwal, Tomer Shani,
Matan Eyal, Anuj Khare, Shreyas Rammohan Belle, Lei Wang, Chetan Tekur, Mihir Sanjay Kale,
Jinliang Wei, Ruoxin Sang, Brennan Saeta, Tyler Liechty, Yi Sun, Yao Zhao, Stephan Lee, Pandu
Nayak, Doug Fritz, Manish Reddy Vuyyuru, John Aslanides, Nidhi Vyas, Martin Wicke, Xiao
Ma, Evgenii Eltyshev, Nina Martin, Hardie Cate, James Manyika, Keyvan Amiri, Yelin Kim,
Xi Xiong, Kai Kang, Florian Luisier, Nilesh Tripuraneni, David Madras, Mandy Guo, Austin Wa-
ters, Oliver Wang, Joshua Ainslie, Jason Baldridge, Han Zhang, Garima Pruthi, Jakob Bauer, Feng
Yang, Riham Mansour, Jason Gelman, Yang Xu, George Polovets, Ji Liu, Honglong Cai, Warren
Chen, XiangHai Sheng, Emily Xue, Sherjil Ozair, Christof Angermueller, Xiaowei Li, Anoop
Sinha, Weiren Wang, Julia Wiesinger, Emmanouil Koukoumidis, Yuan Tian, Anand Iyer, Madhu
Gurumurthy, Mark Goldenson, Parashar Shah, MK Blake, Hongkun Yu, Anthony Urbanowicz,
Jennimaria Palomaki, Chrisantha Fernando, Ken Durden, Harsh Mehta, Nikola Momchev, Elahe
Rahimtoroghi, Maria Georgaki, Amit Raul, Sebastian Ruder, Morgan Redshaw, Jinhyuk Lee,
Denny Zhou, Komal Jalan, Dinghua Li, Blake Hechtman, Parker Schuh, Milad Nasr, Kieran
Milan, Vladimir Mikulik, Juliana Franco, Tim Green, Nam Nguyen, Joe Kelley, Aroma Mahen-
dru, Andrea Hu, Joshua Howland, Ben Vargas, Jeffrey Hui, Kshitij Bansal, Vikram Rao, Rakesh
Ghiya, Emma Wang, Ke Ye, Jean Michel Sarr, Melanie Moranski Preston, Madeleine Elish, Steve
Li, Aakash Kaku, Jigar Gupta, Ice Pasupat, Da-Cheng Juan, Milan Someswar, Tejvi M., Xinyun
Chen, Aida Amini, Alex Fabrikant, Eric Chu, Xuanyi Dong, Amruta Muthal, Senaka Buthpitiya,
Sarthak Jauhari, Nan Hua, Urvashi Khandelwal, Ayal Hitron, Jie Ren, Larissa Rinaldi, Shahar
Drath, Avigail Dabush, Nan-Jiang Jiang, Harshal Godhia, Uli Sachs, Anthony Chen, Yicheng
Fan, Hagai Taitelbaum, Hila Noga, Zhuyun Dai, James Wang, Chen Liang, Jenny Hamer, Chun-
Sung Ferng, Chenel Elkind, Aviel Atias, Paulina Lee, Vı́t Listı́k, Mathias Carlen, Jan van de
Kerkhof, Marcin Pikus, Krunoslav Zaher, Paul Müller, Sasha Zykova, Richard Stefanec, Vitaly
Gatsko, Christoph Hirnschall, Ashwin Sethi, Xingyu Federico Xu, Chetan Ahuja, Beth Tsai, Anca
Stefanoiu, Bo Feng, Keshav Dhandhania, Manish Katyal, Akshay Gupta, Atharva Parulekar,
Divya Pitta, Jing Zhao, Vivaan Bhatia, Yashodha Bhavnani, Omar Alhadlaq, Xiaolin Li, Peter
Danenberg, Dennis Tu, Alex Pine, Vera Filippova, Abhipso Ghosh, Ben Limonchik, Bhargava
Urala, Chaitanya Krishna Lanka, Derik Clive, Yi Sun, Edward Li, Hao Wu, Kevin Hongtongsak,
Ianna Li, Kalind Thakkar, Kuanysh Omarov, Kushal Majmundar, Michael Alverson, Michael
Kucharski, Mohak Patel, Mudit Jain, Maksim Zabelin, Paolo Pelagatti, Rohan Kohli, Saurabh
Kumar, Joseph Kim, Swetha Sankar, Vineet Shah, Lakshmi Ramachandruni, Xiangkai Zeng, Ben
Bariach, Laura Weidinger, Tu Vu, Alek Andreev, Antoine He, Kevin Hui, Sheleem Kashem, Amar
Subramanya, Sissie Hsiao, Demis Hassabis, Koray Kavukcuoglu, Adam Sadovsky, Quoc Le,
Trevor Strohman, Yonghui Wu, Slav Petrov, Jeffrey Dean, and Oriol Vinyals. Gemini: A family of
highly capable multimodal models, 2025. URL https://arxiv.org/abs/2312.11805.

Ruonan Wang, Runxi Wang, Yunwen Shen, Chengfeng Wu, Qinglin Zhou, and Rohitash Chandra.
Evaluation of llms for mathematical problem solving, 2025. URL https://arxiv.org/
abs/2506.00309.

Yuhui Wang, Hao He, Xiaoyang Tan, and Yaozhong Gan. Trust region-guided proximal
policy optimization. In Hanna M. Wallach, Hugo Larochelle, Alina Beygelzimer, Flo-
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A HYPERPARAMETERS USED

Table 4 summarizes the training hyperparameters.

Table 4: Hyper-parameters used for training on GSM8K.

Experiment Hyper-parameter Value

GRPO

Batch size 24
Learning rate 1× 10−5

Group size G 8
Temperature 1

KL coefficient 0.005
Max new tokens 512
Warmup steps 5

GRPO pos

Batch size 24
Learning rate 1× 10−5

Group size G 8
Temperature 1

KL coefficient 0.005
Max new tokens 512
Warmup steps 5

RGRA

Batch size 24
Learning rate 1× 10−5

Group size G 8
Temperature 1

KL coefficient 0.005
Max new tokens 512
Warmup steps 5

REINFORCE

Batch size 24
Learning rate 1× 10−5

Group size G 8
Temperature 1

KL coefficient 0.005
Max new tokens 512
Warmup steps 5

RAFT

Batch size 24
Update epochs per stage 1

Learning rate 1× 10−5

Group size G 8
Temperature 1

Max new tokens 512
Warmup steps 5

SFT

Learning rate 1× 10−4

Decay mode Linear
Epochs 1

Batch size 8
Warmup steps 5
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