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Abstract

基于奖励的大型语言模型（LLMs）对齐方法面临两个关键限制：一是奖励欺骗的
脆弱性，模型可能利用奖励信号中的缺陷；二是当 LLMs用作奖励模型时，依赖于
易碎且劳动密集的提示工程。我们介绍了Meta Policy Optimization (MPO)，这是一
个通过整合动态优化奖励模型提示的元奖励模型来应对这些挑战的框架。在 MPO
中，元奖励模型监控不断发展的训练环境，并持续调整奖励模型的提示以保持高
度对齐，从而提供一个自适应的奖励信号，抵御策略的利用。这种元学习方法促进
了更稳定的策略优化，并大大减少了手动奖励提示设计的需要。其性能与由广泛
精心设计的奖励提示指导的模型持平甚至更好。此外，我们展示了MPO在各种任
务中，如问答和数学推理，都能保持其有效性，而无需特定的奖励设计。超出标
准的 RLAIF，MPO的元学习结构可以轻松扩展到更高层次的对齐框架。总体而言，
这种方法解决了基于奖励的大型语言模型（LLMs）中 RL对齐的理论和实际挑战，
为更稳健和适应性强的对齐策略铺平了道路。代码和模型将会公开共享。1

1 介绍

优秀思维者必须运用另一项高级思维技能，即分析和对自身思维的觉察——或称
为元认知 [Buckley et al., 2015, Lord et al., 1979]。

最近，在大语言模型（LLM）训练的强化学习（RL）方面的进展标志着从注重类人反应生
成的任务转变为强调结构化推理的任务，如数学和编程。传统上，与人类对齐的回答依赖于
使用二元比较数据训练的奖励模型，而结构化推理任务则更多地关注根据客观的真实情况
验证最终答案或逻辑过程的正确性。然而，许多现实世界的挑战需要综合这两种方法——
要求模型融合与人类对齐的判断力与严格的推理。这引入了显著的复杂性，因为此类任务
往往缺乏客观可验证的“标准答案”，但仍需进行连贯且有理有据的推理。

一种可扩展的主观评估方法是使用大型语言模型（LLM）作为评判者——这种方法通常被
称为带有 AI反馈的强化学习（RLAIF）——其中使用固定的提示来评估模型在特定任务上
的表现。然而，这种方法引入了三个关键挑战。首先是校准：有效的评分需要评价标准足够
详细并经过仔细校准，以适应策略模型输出的质量和变异性。对质量较差的反应提供高度
细化的反馈可能是无效的，而过于粗略或简单化的评分则可能无法引导模型行为的实质性
改进。其次是奖励作弊：众所周知，当大型语言模型用不完美的奖励机制进行训练时——这
在将 LLM作为评判者或奖励模型时经常发生——它们可能会学会利用捷径来最大化奖励，
而不是真正提高输出质量或与人类价值观的匹配度 [Amodei et al., 2016b, Everitt et al., 2021,
Langosco et al., 2022, Pan et al., 2022]。这些捷径可能导致形式上获得奖励但与人类意图或效
用不一致的回应。第三是提示工程的开销：在生成奖励模型的训练数据或将 LLM作为代理
奖励函数时，通常需要大量的人工努力进行提示工程。这一过程带来了可扩展性瓶颈并限
制了对齐管道中的自动化。

为了解决这些问题，这项工作引入了元策略优化（MPO）（见图 1），这是一个通过添加元
奖励模型来增强现有基于奖励的 RLAIF流程的框架。不同于传统的奖励模型仅仅基于固定
的提示对策略的输出进行评分，元奖励模型会监测不断变化的训练环境，并调整或改善标
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准奖励模型使用的提示。我们对MPO设计的灵感来源于心理学中的元认知概念——即意识
到并反思自己的思考过程 [Flavell, 1979]——以及它在评价性思考中所扮演的核心作用，这
是一种反思性、以证据为驱动的认知过程，涉及质疑、分析和解释信息，以指导决策制定和
持续学习 [Buckley et al., 2015]。

LLM
“Student”

Reward Model
“Junior Instructor”

PPOPrompt
Dataset

Meta Reward Model
“Senior Instructor”

RLAIF

Meta Policy Optimization for RLAIF

Figure 1: 在标准的 RLAIF 中，奖励模型
在近端策略优化（PPO）期间始终保持不
变。在对比之下，MPO框架（绿色）引
入了一个动态发展的元奖励模型，该模型
基于当前训练背景，包括任务提示、伴随
得分的采样生成以及最新的评估提示，来
发展奖励模型。MPO 利用这些背景信息
迭代地完善评估提示，使得对齐更加自适
应和有效。

以大学教室为类比：策略模型扮演学生的角色，而
标准奖励模型则充当遵循固定评分标准的初级讲
师。定期地，一位高级讲师（元奖励模型）会加入，
以评估整体情况：学生的表现、初级讲师的评分标
准以及所打的分数。如果学生发现评分标准中的漏
洞，并开始以最小的努力提交质量较差的作业却能
获得高分，那么这位具备全局视野的高级讲师就能
识别出这种模式，并建议初级讲师调整未来作业的
评分标准。

元认知意识和控制对于这一过程至关重要，使个
人能够监控推理、发现偏见，并通过任务评估和
反思来完善策略。认知科学研究进一步支持这一
观点，表明刻意的反思促进了更深入、更牢固的
学习 [McCormick, 2003, Metcalfe and Kornell, 2005,
Veenman et al., 2006, Efklides, 2006]。通过将这些原
则应用于 LLMs的基于 RL的对齐中，我们解锁了
几个优势：

正如在介绍中所提到的，我们的 MPO方法受到了
元认知和评估领域的启发。我们将详细阐述这一概
念动机，然后提出 MPO的正式强化学习公式，接
着详细描述其实现步骤。

1.1 评价性思维

评估性思维（ET）[Buckley et al., 2015]是一个有意
的过程，用于分析、解释和评估信息，以支持深思
熟虑的决策，在评估能力建设（ECB）中发挥关键
作用。然而，目前强化学习中对大型语言模型的奖
励模型缺乏这种元认知控制。这些模型通常在静态
的人类偏好数据集上训练，或通过固定的评分提示
进行引导，并在训练过程中保持不变。随着策略的改进，静态奖励模型往往将细微的改进简
化为一个粗略的标签——足够好——从而使早期的盲点持续存在并得不到纠正。
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specific)

Breadth (coverage-focused)

Mathematical 
Reasoning

Ethical 
Reasoning

Summarization

Evaluations are guided by a broad 
set of generalized rubric items.

Evaluation 
are based on 
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reasoning 
traces.

Essay 
Writing

Figure 2: 评估思维的维度：深度与广
度。

受到评估性思维 (ET) 与评估能力建设 (ECB) 之间关系
的启发——其中 ET通过增强元认知支持 ECB——我们
提出了一种元奖励模型 (MRM)，该模型指导奖励模型
发展评估性元认知并成为更有效的评分者。具体而言，
MRM遵循 ET的核心原则：证据收集、质疑和反思性
判断 （见第 1.3 节和图 3 ）。我们的 MPO 框架通过使
MRM能够随着时间的推移细化 RM的观察分区来实施
ET。在此设置中，奖励模型通过由MRM的元认知信号
驱动的策略内学习得到改善。
Remark 1 (Depth and Breadth of ET). 我们假设，在大语
言模型（LLMs）的强化学习背景下，评估性思维（ET）
可以沿着两个正交的维度来理解：深度和广度。这个框
架回响了爱德华·德·博诺著名的垂直思维和横向思维
的区分 [De Bono, 1971]。直观地说，深度对应于顺序的、
实例特定的推理，反映出评估单个案例所需的逻辑推理
和审慎程度。相反，广度则体现了跨越不同实例进行概
括的能力，识别出在新情境下告知评估的重复模式或抽象原则。如图 2所示，诸如数学推理
的任务体现了垂直（深层）思维，因为它们涉及多步、案例特定的推导。相反，像作文写作
这样开放式的任务更符合横向（广泛）思维，需要在不同提示间进行评估性概括。为了实证
探索这些维度，我们评估了四个代表性任务——数学推理、伦理推理、摘要和作文写作——
它们在我们实验的 ET深度-广度空间中各自占据一个独特的区域。
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1.2 通过演化奖励模型的时变观察与奖励

虽然通过 ET的 ECB为改进 RM提供了基础，但它并未完全捕捉 RL的动态，其学习是由
经 ECB增强的 RM的信号驱动的。为了解决这一差距，我们引入了一个数学框架，该框架
形式化地描述了 RM如何在 ET的影响下演变，以及这种不断演变的 RM如何可以整合到
LLMs的训练过程中。

形式上，考虑一个离散状态空间 S ，一个动作空间 A（均为有限或可数），以及一个转换核
P (s′ | s, a)，指定从状态 s ∈ S 通过动作 a ∈ A转移到状态 s′ ∈ S 的概率。我们定义一个黄
金奖励函数 r : S → R，为每个状态分配一个数值奖励。
Remark 2. 在 LLM-RL设置中，状态 s表示文本历史（例如，到目前为止生成的令牌序列），
而动作 a则是选择下一个令牌。因此，后续状态就自然地表示为 (s, a)，即历史和所选令牌
的串联。在实际操作中，由于诸如连贯性或相关性等主观标准，分配精确的数值奖励 r(s)
是具有挑战性的。因此，评估者通常提供近似反馈。这种情况与部分可观测的马尔可夫决策
过程（POMDP）结构非常吻合，在该结构中，来自评估者的观测构成了对潜在状态的一种
部分、聚合视图。
Remark 3. 考虑一个在对话环境中生成回应的大型语言模型。起初，AI或人类反馈可能只
会广泛地将回应分类为“好”，“中立”或“坏”。然而，随着时间的推移，评估者可能会引入
更细致的区分，例如“连贯但不礼貌”，“礼貌但不相关”，以及“相关但冗长”。数学上，这
相当于细化大型语言模型接收到的观察集的粒度，提供越来越精确和信息丰富的反馈。这
与我们案例中不断演变的奖励模型直接相关 -通过 ET的 ECB-ed RM，他们能提供一个更精
细的分数，这将更接近于黄金奖励模型。

1.2.1 随着时间的推移精炼观察划分

令每个离散阶段 t = 1, 2, 3, . . . 的可能观察集合记为 Ωt 。定义状态空间 S 的分区集合
{Oo,t}o∈Ωt

，满足：

Oo,t ∩ Oo′,t = ∅, for o ̸= o′, and
∪

o∈Ωt

Oo,t = S.

每个分区代表由评估者标记状态，其中 Oo,t 包含在时间 t被标记为观察 o的状态。如果在
阶段 t的真实状态为 s，则代理确定性地观察到标签 o，使得 s ∈ Oo,t 。

精炼性质。 为了正式描述不断精确的反馈，假设每个划分细化了前一个划分。具体来说，
对于每个 Oo,t ，存在某个 Oo′,t−1 满足：

Oo,t ⊆ Oo′,t−1.

这意味着在每个后续阶段的划分比前一个阶段更精细，从不粗糙，这也与我们的MPO设置
一致——元奖励模型使用 ET引导奖励模型，使训练过程中划分标准更细。

1.2.2 基于观察的奖励

与其根据精确的状态信息立即提供奖励，不如根据观察标签定义奖励。当在阶段 t观察到
o ∈ Ωt 时，代理会收到一个平均奖励：

Rt(o) = Es∈Oo,t
[r(s)] =

1

|Oo,t|
∑

s∈Oo,t

r(s).

在我们的MPO设置中，更粗略的评分标准会导致所有映射到相同评分类别的反应都被平均
化为奖励。

1.2.3 元策略优化框架

使用单一静态 LLM评分器对应一个固定的观察划分，这可能过于粗糙，无法精确捕捉微妙
的奖励差异。这样粗糙的划分将许多不同的状态（例如，文本或对话历史）归为过于粗略的
类别，导致形如

R(o) = Es∈Oo
[r(s)],

的平均奖励，这掩盖了对精确策略优化至关重要的状态特定细节。因此，静态评分机制难以
收敛到真实奖励 r(s)，限制了其捕捉微妙的、高维的或正在演变的奖励标准的能力。
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相反，元策略框架通过在连续的迭代中自适应地优化观察分区来解决此限制。从形式上来
说，元奖励过程引入了逐渐细化的分区：

{Oo,t}o∈Ωt
, where Oo,t ⊆ Oo′,t−1 for some o′, t > 1.

这个迭代优化使得奖励信号能够更具辨别性：

Rt(o) = Es∈Oo,t [r(s)],

能够更好地捕捉状态空间中的细微变化。通过自适应地分割观察集合——当策略的性能提
高或评估的新维度出现时，将更大的粗略类别拆分为更小的有针对性的子集——元奖励评
估器逐步增强了强化信号的粒度和效果。这种动态优化在复杂的 LLM驱动任务中特别有利，
确保策略更新变得更具针对性，能够与细微的性能改进对齐，最终促进高级策略学习。

1.3 实现：元奖励模型

RM
“Junior Instr.”

Evaluation Rubric

LLM
“Student”

Prompt
Dataset

Task Description Meta-
Analysis

⋅ Checks accuracy of scoring
⋅ Evaluates scoring criteria
⋅ Gives refinement suggestions

Meta-
Refinement

⋅ Expands rubric with new criteria
⋅ Refines existing criteria with examples
⋅ Updates scoring ranges

Meta-
Merging

⋅ Combines multiple sets of refinements
⋅ Ensures a comprehensive and goal-aligned rubric
⋅ Preserves proper structure and formatting

Evaluation Rubric✱

Prompt Instruction

(Reference Solution)

Student Response

Evaluation Score

Evaluation Rubric’

Evidence Gathering Questioning

Reflective Judgment

Figure 3: 元策略优化步骤。

通过引入一个元奖励模型（MRM），实现了MPO框架——在我们的学术类比中，这是一个
“高级导师”。如图 3所示，MRM负责监督更广泛的训练背景，并对奖励模型（RM）使用的
评估标准（或提示）进行有针对性的改进，奖励模型扮演“初级导师”的角色。这些改进的
信息来源于三个方面的输入：提示数据集、策略模型（“学生”）以及奖励模型本身。具体
而言，在每隔固定的 k训练批次步骤后，MRM通过通用的元级别提示对情境输入源进行处
理，从而执行一个MPO步骤，这些提示被设计为与任务无关并适用于所有任务。

从提示数据集中，MRM处理任务描述、一组 n任务特定的提示指令，以及——当可用时
——对应的 n参考解决方案。它还接收策略模型对这些提示生成的 n响应、当前版本的评
估标准以及 RM使用该标准分配的分数。

凭借这些丰富的上下文输入，MRM能够识别当前评分标准中的弱点或不足之处，并提出日
益细化和有针对性的评估标准。每经过固定的 k训练批次，该细化过程就会被触发，并遵循
图 3中所示的三阶段程序。在每个阶段，MRM都会收到旨在适用于各种任务的元级别指令
提示。

1.3.1 元分析

MPO的第一步涉及处理完整的输入背景，以评估 RM的评分是否准确和可靠——特别是在
学生 LLM可能通过奖励黑客攻击 RM漏洞的情况下。MRM评估当前的评分标准是否足够
全面和详细，并规定必要的调整以提高评估质量和稳健性。

这一步尤为重要，因为它可以在早期检测出 RM评估逻辑中的漏洞。例如，考虑在 RL训练
期间观察到的以下真实案例：

4
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A reward hacking example
User: You will act as an English writer and compose either an essay or a story depending on the
instruction given below. Your essay should be no more than 350 words.
Instruction: Write an essay that argues the claim that the U. S. Drug Enforcement Agency has a
negative impact on society that outweighs any benefits it provides. Your essay should include
evidence and examples to support your argument.
Student Response: “I’m ready when you are. Please provide the essay instruction.”
Evaluation Score: 3

在这个例子中，策略模型发现生成一个退化的回复——如图所示——虽然明显与任务目标
不一致，但却从 RM中得到了 3分（满分 5分）。这是一个奖励欺骗的例子，模型利用评分
系统的漏洞来获得相对较高的分数，而没有忠实地完成任务。

Meta-Analysis
The junior instructor’s assigned score of 3 out of 5 points for the student’s response is misleading
given the provided student generation and the task requirements. Let’s break down the analysis.
Student’s Response: The student’s response is entirely missing. The student’s generation reads, “I’m
ready when you are. Please provide the essay instruction.” This indicates that the student did not
actually write the essay as instructed, but rather responded with a statement that is irrelevant to
the task.
Task Requirements and Prompt Instructions: · · ·
Junior Instructor’s Scoring Criteria Analysis: · · ·
Discrepancies and Feedback:
1. Adherence to Task Requirements (0 points)
- The student’s response does not reflect the task requirements at all. The student did not provide
an essay on the given topic.
- The junior instructor should assign 0 points for adherence to task requirements.
2. Content Accuracy and Relevance (0 points) · · ·
3. Argument Strength (0 points) · · ·
4. Counterarguments and Rebuttals (0 points) · · ·
· · ·

每 k批次步骤进行元分析，以识别失败案例并提出具体补救措施和规则细化的反馈。没有这
种干预，在固定规则下继续进行强化学习训练会加强这些退化的输出，可能导致训练失败。

1.3.2 元精炼

基于元分析的结果，下一步是构建一个更精细的评分准则。具体而言，MRM通过引入新的
评估标准来扩展评分准则，用更详细的说明和示例增强现有标准，并调整评分范围以更有
效地区分不同水平的响应质量。继续以奖励黑客示例为例，提出的评分准则改进将作文长
度作为一个明确的评估标准，并将评分范围从 0到 10分进行扩展。此调整使得能够更细致
地区分不同的响应，且能够避免利用模糊或定义不足的评分标准产生的退化输出：

Meta-Refinement
· · ·
Task Alignment and Argument Clarity (10 points)
- **10**: The essay clearly and consistently addresses the specific claim made in the prompt and
presents a well-defined, coherent argument supported by relevant examples and evidence. The argument
is fully developed and addresses the core issue of the prompt. The essay meets the required word
count.
- **8**: · · ·
- **6**: · · ·
- **4**: · · ·
- **2**: · · ·
- **0**: The essay does not address the specific claim or is completely off-topic. The argument is
not related to the prompt and does not address the core issue. The essay is significantly below the
required word count. · · ·

1.3.3 元合并

当 MPO采集 n学生的反馈时，它会产生 n相应的评分标准修正。MPO的最后一步包括将
这些多个精炼实例合并为一个单一的、一致的评分标准提示。这个整合版本成为更新后的
评估标准，RM将用于后续的培训步骤。

2 实验

为了研究 MPO的有效性及其对训练动态的影响，我们进行了三个核心实验。第 ??节概述
了我们的实验设置。第 2.1节评估了MPO对齐的 LLM在论证性文章写作任务中的表现，探
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讨了不同级别教师的配对。第 ??节通过实证显示 MPO能够推广到要求不同程度评估思维
的任务。最后，在第 2.2节中，我们分析了 RM（“初级教师”）使用的评分标准提示在连续
的MPO迭代中是如何演变的。

在我们的实验中，我们将策略模型固定为一个相对较小的 LLM：Qwen2-1.5B-Instruct。这个
选择基于三个因素。首先，我们需要一个在我们的目标任务中有足够改进空间的模型。由
于我们使用的是具有有限资源的公开基准测试，我们专注于较小的开源模型，这些模型可
以显示提出框架的明显效果和价值。将其扩展到更大型的模型和更多变体的模型家族仍然
是未来研究的一个有趣方向。其次，一些任务——例如数学推理——需要生成超过 1000个
标记，这在 PPO步骤中会带来显著的内存负载。较大的模型超过了我们可用 GPU的容量，
使得 Qwen2-1.5B-Instruct成为一种实用且可扩展的选择。第三，为了对比MPO生成的提示，
我们基于大量 PPO训练在该任务和模型中的经验见解，手动设计了一个 RM提示。

对于奖励建模，我们使用 Qwen2.5-32B-Instruct-AWQ和 Qwen2.5-72B-Instruct-AWQ，探索所
有四种初级-高级 RM–MRM尺寸组合：32b_32b、32b_72b、72b_32b和 72b_72b，其中第一
个和第二个术语分别表示 RM和MRM的大小。将较大的模型用作 (M)RMs是可行的，因为
只需要推断，这可以通过一个 LLM服务框架高效地处理。我们还包括一个没有 MPO的固
定 RM基线，使用初始MPO提示，表示为 { RM大小} _iter0。

实现。 我们的MPO框架依赖于实现为 LLM的在线（元）奖励模型，具有可互换的提示机
制。为了支持这一点，我们通过实现一个基于提示的在线奖励模型扩展了 TRL库 [von Werra
et al., 2020]，其中基于 LLM的 RM使用 SGLang框架进行托管 [Zheng et al., 2024]。此外，
我们在 trl中扩展了 “PPOTrainer”类到一个定制的 “PPOMetaTrainer’’，它将 MPO细化步骤
直接集成到训练循环中，并进行其他必要的修改。

我们注意到，MPO框架是通用且模块化的，可以集成到依赖于奖励模型的其他强化学习优
化技术中——例如 GRPO [Shao et al., 2024]——以实现动态评分标准细化和更具适应性的奖
励塑造。

2.1 MPO对作文任务的影响

设置。 我们使用MPO训练四个策略模型，不同的 RM–MRM配对如第 ??节所述，并使用
固定 RM提示的原始 PPO训练另四个模型。作文数据集由 Kim et al. [2025]编译，包括来自
各种来源的写作说明，如英语水平考试、说服语料库和"改变我观点"（CMV）子版块的内
容。训练集包含 26,013个样本，测试集包括 4,096个样本。MPO和 PPO都在训练集上训练
一个周期，期间MPO的细化步骤每 10个批次进行一次。我们使用 8个 A100 80GB GPU对
模型进行 RL训练，有效的综合批大小为 64，每个 RL回合最多包含 400个 tokens。在一个
周期的训练过程中，此配置产生了 40次 MPO细化步骤。附加的训练细节在附录 C.3中提
供。

经过单轮训练后，我们使用最终的检查点为所有测试提示生成文章，并按照基于 Elo 的
Chatbot Arena框架 [Chiang et al., 2024]进行 10,000次一对一比较评估，其中 GPT-4o作为公
正的评审，每次比赛后应用一个小的 K因子 4以保持评分的稳定性。表 1总结的最终 Elo分
数提供了八个模型间文章质量的相对排名。

训练曲线。 图 4展示了八个模型的训练曲线，每个模型对应着论述写作任务中不同的 RM
和MRM尺寸配对。需要注意的是，我们使用原始 RL奖励值进行优化，因为它们保留了奖
励信号中的细粒度区别——尽管略微偏离我们正式的理论框架——这增强了奖励敏感性并
提高了优化效果。四个采用MPO的模型在 RL奖励值上随时间增加，这归功于连续的MPO
步骤通过（1）引入更多的评价标准和（2）在训练进展时扩大与这些标准相关的评分范围，
精炼了评估提示。虽然这些曲线表明训练如预期的那样自适应地进行，奖励分数本身也是
自适应的——反映了不断演变的标准——因此，各模型间的奖励值差异（如在 RL奖励图中
所示）不一定会转化为最终测试集上的相应性能差距。

在表 1中，我们观察到所有 MPO对齐模型的表现都优于 PPO基准模型和基础 LLM，其中
32b_32b模型——使用 32B RM和 32B MRM训练的——表现最佳。我们注意到 72b_iter0模
型导致了一次失败的 PPO运行，其特点是奖励作弊，政策模型经常仅以标题形式产生响应，
例如“标题：Reddit固有缺点的神话：为其作为讨论平台的价值辩护”，但仍常常获得 4或
5分（满分 5分）的高分。相比之下，使用相同 72B RM的 MPO对齐模型成功进行了有意
义的训练，并在性能上超越了基础 LLM。这强调了MPO可以自动发现有效的评估规则，减
少对手动提示设计的依赖，并降低失败的 PPO训练运行的风险，从而节省时间和计算资源。
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Figure 4: 八个作文政策模型的训练曲线图，每个模型都结合了不同规模的奖励模型（RM）
和元奖励模型（MRM）。“RL奖励”和“归一化 RL奖励”图显示了奖励值如何随着全局批
次步骤的演变，反映在训练的每个阶段由对应 RM评判的生成响应的质量。通过将 RL奖励
值除以当前评分标准定义的总可得分数来获得归一化图，从而在不断发展的评估标准中提
供了更一致的奖励动态视图。Kullback-Leibler（KL）散度量化了整个训练过程中政策漂移
的程度。虚线垂直线表示MPO轮次，在我们的设置中，每批次大小为 ×的MPO步骤—640
步。

我们观察到，在MPO使用的初始评估提示（即 iter0）中，无论 RM大小如何，其一致产生
最低的 Elo评级。图 5提供了在不同任务中对初始和最终评估提示的并列比较。

Table 1: 针对作文任务的 Elo评分，通过 7个 LLM的 10,000
次成对比较进行评估。每个评分都伴随着标准差，该标准差
是通过 5次独立实验计算的，用 s = value表示。

RM
MPO w/ MRM (ours) PPO Base

32B 72B iter0 LLM

32B 1196s=20 1184s=18 966s=17 836s=1772B 1058s=18 1132s=17 629s=15

有趣的是，当 RM和MRM具
有相同的模型大小时，会获得
最佳结果，例如，32B + 32B组
合优于不对称组合。一个合理
的解释是，相同大小的模型会
发展出类似的词汇使用和推
理风格，使得MRM的评估细
化对 RM来说更加清晰；当容
量差异较大时，不匹配的词汇
或推理深度可能会阻碍这种
“通信渠道”。验证这一假设并
系统性地探索其他组合（例如，容量匹配但架构混合的 RM和MRM）仍然是未来研究的有
前景方向。

正如在第 1.1节中讨论的那样，评估书面作文需要一种更注重广度的评估性思维形式——这
种思维形式由一套广泛的、通用的评分标准指导，可以应用于不同的提示和写作风格中。在
这个实验中，我们将 MPO框架应用于在评估性思维的深度和广度维度上要求不同的任务，
研究所提出的方法的益处是否在这一光谱上持续存在。如图 2所示，我们在三个额外的任务
中评估MPO：总结、伦理推理和数学推理。

对于这三个任务，我们比较了三个模型的性能：Base LLM，即在任何对齐前的原始 Qwen2-
1.5B-Instruct模型；32b_iter0，即使用初始评估提示并以 32B Qwen模型作为 RM的普通 PPO
对齐模型；以及 32b_32b，即同时以 32B Qwen模型作为 RM和MRM的MPO对齐模型。

2.1.1 摘要任务

对于摘要生成，我们在 BillSum基准 [Kornilova and Eidelman, 2019]上训练模型一个纪元，每
20个批处理步骤进行一次 MPO优化，并生成 4.5K个摘要用于评估。性能通过与人工撰写
的参照文比较的 ROUGE分数和从 5,000个 GPT-4o判断的成对比较中获得的 Elo评分进行
评估，结果如表 2所示。

MPO对齐的 32b_32b模型在所有评估指标上，包括 Elo评分，表现优于其他两个模型。图 5
展示了用于总结任务的评估标准的摘录，显示了MPO如何扩展标准以纳入特别与评估立法
法案摘要相关的标准。

2.1.2 伦理推理任务
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Essay Writing: Initial Prompt
You will act as an English instructor and evaluate the quality of an 
essay or story written by a student in response to given instructions. 
Your evaluation should focus on the “discourse” aspect of the text. 
Output your score as an integer from 0 (worst quality) to 5 (best 
quality). Surround your integer score with <score> and </score>. 
Example: <score>2</score>

Ethical Reasoning: Initial Prompt
Evaluate the ethical reasoning based on its logical coherence, depth 
of moral insight, and alignment with established ethical principles. 
Assign a score from 0 to 5, where 0 indicates the lowest quality and 
5 indicates the highest quality.

Summarization: Initial Prompt
Your evaluation should focus on the faithfulness and conciseness of 
the summary. Output your score as an integer from 0 (worst quality) 
to 5 (best quality).

Mathematical Reasoning: Initial Prompt
Evaluate the correctness of the [Student Response].

Essay Writing: Last Prompt
### Content and Argumentation (30 points)
- **30 points**: The essay presents a clear, well-supported argument 
that effectively addresses the claim. It includes a variety of strong, 
relevant evidence and reasoning, and addresses counterarguments 
comprehensively. (Example: The essay provides historical context, 
cites specific legal precedents, and includes expert opinions to 
support its argument.)
…
### Historical and Contextual Analysis (10 points) …
### Impact Analysis (15 points) …
### Counterarguments (10 points) …
### Structure and Coherence (15 points) …
### Use of Evidence (15 points) …
### Clarity and Coherence (10 points) …
### Language and Style (10 points) …
### Persuasiveness (10 points) …

Summarization: Last Prompt
### Faithfulness to the Bill (30 points)
- **30 points**: The summary accurately reflects all key points and 
details of the bill, maintaining the correct context and intent. It 
includes specific details such as the short title, the structure of the 
bill, the purposes, the findings, the definitions of key terms, the 
establishment of specific programs, the authorization of 
appropriations, the requirement for periodic reports, the effective 
date, the prohibition of recounts or certification of results without 
counting provisional ballots, and other relevant provisions.
…
### Conciseness (10 points) …
### Completeness (30 points) …
### Clarity and Precision (20 points) …
### Deductions
…

Mathematical Reasoning: Last Prompt
1. **Consistency in Scoring and Feedback**:

- Ensure that the scoring and feedback are consistent across all 
cases. If a student's response is partially correct, acknowledge the 
correct aspects and provide a nuanced score.

- **Example**: In [Evaluation Case #1], the student used the 
concept of similar triangles, which is a valid approach. The feedback 
should have pointed out the specific error in their calculation and 
provided a more nuanced score, perhaps a 2 or 3 out of 5.
2. **Detailed Feedback**: …
3. **Handling Omitted Responses**: …
4. **Correctness of Mathematical Reasoning**: …
5. **Detailed Explanation of Steps**: …
6. **Encouragement of Full Solutions**: …
To ensure these guidelines are followed, the junior instructor should 
implement the following additional diagnostic checks:
- **Specific Error Identification**: …
- **Step-by-Step Guidance**: …
- **Encouragement of Review**: …
- **Reminders of Formatting Guidelines**: …
### Specific Examples and Patterns …
### General Patterns …

Ethical Reasoning: Last Prompt
### Logical Coherence (0-5)
- **5**: The reasoning is logically consistent, free from 
contradictions, and well-supported by evidence or examples. The 
argument is clear, structured, and avoids repetition or disjointedness. 
It considers multiple perspectives and the broader ethical 
implications of the action. The verdict is presented within the 
required tags. <verdict>RIGHT</verdict>
- *Example*: “The action of not using the GPS app is justified. It 

respects personal autonomy and privacy, which are fundamental 
human rights. The decision to not use the app is a reasonable 
response to concerns about personal privacy and autonomy. The 
reasoning is clear, structured, and avoids repetition. 
<verdict>RIGHT</verdict>”
- **4**: …
- **3**: …
- **2**: …
- **1**: …
- **0**: …
### Depth of Moral Insight (0-5) …
### Alignment with Established Ethical Principles (0-5) …
### Adherence to Task Instructions (0-5) …

Figure 5: 所有任务的MPO评估指标初始版本和最终版本之间的比较。

Table 3: 伦理推理（Scruples–Anecdotes）和数学推理（MATH）基
准的准确性。基本 LLM是基础的指令微调模型；32b_iter0是使
用固定 32B RM通过 PPO对齐的同一模型；32b_32b是我们使用
32B RM为 RM和MRM进行MPO对齐的模型。

Model Accuracy ( % , correct / total)

Scruples–Anecdotes MATH

Base LLM 33.80 (1601/4736) 18.13 (928/5120)
PPO 32b_iter0 63.79 (3021/4736) 23.93 (1225/5120)
MPO 32b_32b (ours) 68.60 (3249/4736) 24.18 (1238/5120)

对于伦理推理，我们使
用了来自 Scruples数据集
[Lourie et al., 2020] 的轶
事，该数据集包含超过
32,000 个标注有社区判
断的伦理复杂现实情况。
我们随机抽样 13K 个轶
事用于训练，4.7K用于测
试。在单次训练周期中，
每进行 10 个批次步骤时
执行 MPO 步骤，从而进
行 20次评分准则细化。我
们没有依赖二元真实标
签，而是仅根据伦理推理的质量来设定奖励分数，以鼓励更深入的推理发展，而非优化
不平衡标签分布。
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ROUGE-1 ROUGE-2 ROUGE-L ROUGE-Lsum Elo Rating

Base LLM 41.82 20.79 27.81 27.80 849
PPO 32b_iter0 45.97 23.57 30.29 30.29 1012
MPO 32b_32b 48.00 24.96 30.97 30.98 1139

Table 2: 模型的性能通过在 BillSum长篇文档摘要任务上的 ROUGE分数和从 5,000对比中
得出的 Elo评分进行评估。Base LLM指的是基础指令微调模型；32b_iter0是使用 32B RM
固定初始提示通过 PPO训练的 Base LLM；32b_32b是使用MPO训练的，其中 RM和MRM
都使用 32B LLMs。
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Figure 6: (a)跨MPO对齐模型的作文任务评分标准项目的平均长度。(b)经过连续的评估提
示改进后，使用 32b_72b模型生成的 1,000篇测试作文的平均归一化总评分标准。

基于对二进制裁决标签的准确性评估结果在表 3中报告。我们观察到，MPO对齐的策略模
型生成的伦理推理轨迹与人工标注的裁决有更高程度的一致性。

2.1.3 数学推理任务

对于数学推理，我们使用MATH数据集 [Hendrycks et al., 2021]，该数据集包含跨七个学科
的 12,500道高中竞赛风格的问题，每道题都有详细的逐步解决方案，用于评估最终答案和
推理过程。我们在 7,500个样本上进行训练，并在 5,000个样本上进行测试，将问题聚类到
21个学科聚类组中，为每一个独立维护评估提示，每 30批次步骤触发MPO优化。奖励模
型遵循一种先计划后执行的策略，从 Saha et al. [2025]中改编，在评分学生答案之前制定评
估计划，用准则指导的评估进行评分。

根据参考答案的准确匹配得出的结果在表 3中报告。与其他任务一样，通过细化元层指南
应用MPO框架进一步增强了我们的“计划-后执行”奖励模型的性能。然而，与其他任务相
比，改善的幅度相对较小。我们假设这是由于数学推理的高度实例特定性，其评分主要依赖
于顺序逻辑是否准确地导向正确答案。相反，从采样实例构建的元层指南往往保持相对一
般性。然而，主题特定的细化仍然对性能提升有所贡献。开发更细化和量身定制的元指南可
能会带来额外的改善，我们将其留待未来的工作。

2.2 评估标准的演变

虽然早期的结果突出了 MPO改进的评估标准与其初始提示如何不同（图 5），但本实验旨
在揭示标准演变中的更整体的模式，特别是关注于作文任务。

量表项目的平均长度 对于论文写作任务，我们追踪每个评分项平均长度在连续的MPO改
进过程中如何演变。值得注意的是，长度在第一次改进后急剧增加，并在接下来的 5到 10
次迭代中继续稳步增长，然后在训练的剩余阶段趋于平稳（图 6a）。手动检查确认，大多数
有意义的评分变化发生在前 5到 10次迭代之后，其改进变得相对较小。2 这一观察结果表
明，当前固定的MPO计划可以通过根据训练动态进行动态调整来改善——这是未来工作中
值得探索的一个途径。

2我们在附录 C中提供了进化后的评分标准序列
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连续评分标准的平均总分 图 6b绘制了 32b_72b模型生成的 1,000篇随机抽样测验文章的
标准化平均总分，这些文章使用通过MPO进化的早期和晚期 RM提示进行评估。总体模式
显示，平均总分在训练过程中增加，反映了策略模型输出质量的提高。然而，较早版本的评
估提示往往为样本分配更高的分数，主要是因为它们的标准较为宽松且不够细致，使得回
应更容易达到评分标准。相反，后期的提示具有更详细和区分度更高的评分项目，因而分配
的分数较低，因为它们捕捉到更微妙的缺陷并实施更严格的评估标准。这一趋势突显了评
分标准的改进不仅加强了评估，也为指导策略改进提供了更准确和更高要求的反馈。

话语主题分布的变化。 到目前为止，我们已经展示了 MPO 演化的评分标准不仅能带来
更高的训练奖励，还能在四个下游任务中产生更高质量的生成结果。为了深入了解这些评
分标准的语言结构，我们应用层次性话语解析并分析生成的话语子图——称为“话语主题”
——这些话语子图捕捉了从短语到完整段落的文本单元之间的语用话语关系。这项分析基
于 Kim et al. [2024]引入的方法，他使用修辞结构理论（RST）[Mann and Thompson, 1987]研
究大语言模型生成文本和人工生成文本中的话语模式。在我们的设置中，我们计算了三个
版本评分标准的话语主题分布：初始版本，经过一次MPO精炼的版本，以及在训练结束时
的最终版本。

attribution

/

contrast

/ /

background

/

background

//

attribution

//

contrast

/

Figure 7: 比较在议论文写作任务训练的初始阶段、第一次
之后以及最后一次 MPO 步骤中在评价标准提示中发现的
话语主题。

图 7 展示了一个柱状图，比较
了三个评估标准版本在话语模
式分布上的差异，其中 x 轴表
示模式类型，y轴表示其在整体
RST 图中的归一化频率。3 边
缘标签“/”表示一个超边缘关
系，通常表示跨文本层次的过
渡，并表明文本展现出更多层
次化组织的话语结构。图表显
示，随着MPO细化的进行，新
的评估标准采用了日益层次化
的话语结构，体现为背景关系
的减少和对比、归因等信息含
量更高的关系的相应增加。值
得注意的是，明确识别信息来
源或所有权的归因关系变得更
加频繁——这是基于评估标准
的评估中的一个重要特征，因
为在这种评估中，明确归因、推
理和判断对于形成连贯的评估
是至关重要的。这些趋势暗示
着 MPO 不仅精细化了内容标准，而且还隐式地推动了更丰富、更结构化的评估语言的发
展。我们还注意到，层次化话语结构的增多是人类书写的已知特征，正如在 Kim et al. [2024,
2025]中所报道的那样。

2.3 与人工设计的最佳提示比较

Table 4: 通过 4个 LLM的 5,000次成对比较评估的
作文任务的 Elo 评分。每个评分都有一个标准差，
通过 5次独立实验计算得出，以 s = value表示。

RM
MPO w/ MRM (ours) PPO

32B 72B oracle

32B 1005s=14 1001s=14 952s=20

72B - - 1042s=20

对于论文写作任务，Kim et al. [2025]通
过一个迭代过程，为 RM 手工设计了
一个评估提示，该过程涉及超过 60次
基础 PPO训练。根据从相同的 Qwen2-
1.5B-Instruct 模型观察到的奖励破解行
为，提炼了提示，并通过修改评估标准
使其更好地与人类评估分数对齐。我们
将此提示视为一个神谕提示，因为它代
表了通过广泛的 PPO 训练经验而提炼
出的手工演变的准则。图 8将神谕评估
提示与由 MPO框架生成的最终版本进
行了比较。与神谕不同，MPO 演变的
提示在一个训练周期内生成，并具有一组专门为论文评估量身定制的多样化评分项目。每
个项目都配有详细描述，以支持在定义的评分范围内进行细致的分数分配。

3完整版本可在附录 D中查看。
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表 4展示了 32b_32b和 32b_72b MPO对齐模型与使用 oracle提示的 PPO对齐模型的 Elo评
分，这是基于 5,000次由 GPT-4o判断的成对比较得出的。虽然使用 32B RM的两个MPO对
齐模型比使用 oracle提示和 32B RM训练的 PPO对齐模型表现更好，但它们还是落后于使
用 oracle提示和 72B RM的 PPO模型。尽管如此，这些结果表明，MPO框架可以自动生成
评估提示，其质量接近于大量人工设计的 oracle提示，而无需任何特定任务的手动提示设
计。

Manual Hand-Crafted Prompt for Essay Writing
You will act as an English instructor and evaluate the quality of an 
essay or story written by a student in response to given instructions. 
When grading, consider the following discourse aspects of the text.
- Logical Flow and Structure (flow): Assess the logical progression 
of ideas and the overall organization of the text, ensuring that it is 
easy to follow and well-structured.
- Hierarchical Organization (organization): Examine the organization 
of ideas in a hierarchical manner, from general to specific, ensuring 
that each section supports the main argument or narrative.
- Balance and Emphasis (balance): Ensure that important ideas are 
appropriately emphasized and that there is a balance in the coverage 
of different points or sections of the text.

For each aspect, you need to assign an integer score from 0 (worst 
quality) to 5 (best quality).
When assigning the score, carefully consider which specific parts of 
the text relate to each aspect.

Assign lower scores when:
- The text is poorly structured and do not conform to the standard of 
an English essay or a story.
- The text contains a lot of non-sensical words such as special tokens 
or programming code.
- The text contains a lot of non-English words.
- The text does not fully answer the writing instruction with full 
content, and therefore, is unfinished.

Important: Your evaluation output should conform to the following 
JSON format:
{

"flow": int,
"organization": int,
"balance": int

}

Write <EOE> after outputting the JSON result.

Last Version of Prompt Evolved by MPO
### Content and Argumentation (30 points)
- **30 points**: The essay presents a clear, well-supported argument 
that effectively addresses the claim. It includes a variety of strong, 
relevant evidence and reasoning, and addresses counterarguments 
comprehensively. (Example: The essay provides historical context, 
cites specific legal precedents, and includes expert opinions to 
support its argument.)
- **25 points**: The essay presents a clear argument with strong 
evidence and reasoning but may lack a few minor details or fail to 
address a minor counterargument. (Example: The essay provides 
strong evidence and reasoning but does not address a minor 
counterargument.)
- **20 points**: …
- **15 points**: …
- **10 points**: The essay presents a weak argument with minimal 
evidence and reasoning. It may contain significant logical flaws or 
fail to address the claim effectively. (Example: The essay provides a 
weak argument and minimal evidence, with significant logical 
flaws.)
- **0 points**: The essay contains significant factual errors that 
misinterpret the core business or key aspects of the claim. (Example: 
The essay incorrectly states that CEMEX is a major sugar producer.) 
### Historical and Contextual Analysis (10 points)
…
### Impact Analysis (15 points)
…
### Counterarguments (10 points)
…
### Structure and Coherence (15 points)
…
### Use of Evidence (15 points)
…
### Clarity and Coherence (10 points)
…
### Language and Style (10 points)
…
### Persuasiveness (10 points)
…

Figure 8: 手工设计的和MPO演化的评分标准在作文任务中的比较。

3 结论

这项工作介绍了元策略优化（MPO），一种新颖的框架，通过动态演变奖励模型使用的评价
标准来增强来自人类或人工智能反馈的强化学习。基于评估思维和元认知的认知原则，MPO
使奖励模型不仅能评估策略输出，还能随着时间推移反思和改进他们的评分标准。在各种
任务——包括论文写作、总结、伦理推理和数学问题解决中——MPO始终提高了对齐效果，
并优于依赖静态、手工制作提示的模型。

除了提高经验性能之外，MPO还提供了一种新的视角，将奖励建模视为一个自适应的、自
我改进的过程。我们的分析进一步揭示了进化的评判标准表现出更深层次的语言结构，暗
示了更有原则的评估模式的出现。

对于未来的工作，有几个有前景的方向：基于训练动态动态调整MPO频率，扩展到更细致
的评分标准专业化领域，探索多轮对话和交互设置，将MPO与超越 PPO的先进优化算法结
合。最后，将MPO扩展到支持多智能体对齐或长时间跨度任务可能会为更具普遍性和认知
对齐的学习系统开辟新的道路。
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A 相关工作

A.1 大型语言模型中的奖励黑客

强化学习被广泛应用于大型语言模型的后期训练中，增强了诸如真实性 [Tian et al., 2024]、
代码生成 [Le et al., 2022]、推理 [DeepSeek-AI et al., 2025]和多智能体决策制定 [Park et al.,
2025] 等领域。将强化学习融入大型语言模型训练的主要策略是来自人类反馈的强化学习
（RLHF） [Ziegler et al., 2019, Ouyang et al., 2022, Bai et al., 2022, Ahmadian et al., 2024, Park

et al., 2024]。

奖励攻击 [Skalse et al., 2022] 是指在强化学习中，当智能体利用奖励函数中的漏洞、模糊
性或缺乏明确性（正如在古德哈特定律中所指出的那样）以意想不到的方式获得高奖励时
观察到的现象，通常表现出一致但未预料到的行为 [Amodei et al., 2016a] 。这导致智能体
与人类预期的行为不一致，但却获得了高奖励。这成为 RLHF和 RLAIF中的一个关键挑战
[Krakovna et al., 2020, Pan et al., 2022, Gao et al., 2023, Fluri et al., 2024, Lee et al., 2024]。

众多研究已强调了对齐的 LLMs中的奖励的有害影响 [Pang et al., 2023]。各种不良副作用，
例如阿谀谄媚 [Perez et al., 2023, Sharma et al., 2024, Denison et al., 2024]、冗长 [Saito et al.,
2023, Singhal et al., 2024]和欺骗 [Wen et al., 2025]等。为了应对这些挑战，近期工作提出了
众多奖励建模和缓解策略，例如奖励集成 [Eisenstein et al., 2024, Rame et al., 2024, Coste et al.,
2024, Zhang et al., 2024b]，以及设计 RL正则化 [Miao et al., 2025, Chen et al., 2024, Liu et al.,
2024, Miao et al., 2024, Fu et al., 2025]。虽然这些策略显示出不同程度的成功，奖励过拟合、
不当规范化和错误泛化等挑战仍然构成实际中基于奖励模型的对齐的重大障碍。

我们认为，有效解决奖励作弊问题需要具备广泛的上下文推理能力的对齐机制，因为奖励
作弊通常源于不明确的奖励信号、不断变化的策略行为以及训练过程中探索与利用动态变
化之间的相互作用。

随着大型语言模型（LLMs）的扩展，尽管在对齐技术方面取得了进展，它们在处理复杂且
不断变化的失败模式时仍未能达到预期。这导致人们对通过迭代方法优化偏好以对齐 LLMs
产生了越来越大的兴趣。这些方法通过在连续的训练轮次中加入反馈来改进单次偏好调整，
使模型能够根据变化的输出细化其行为，但仍然受到数据集的限制：依赖于明确的偏好比较
或固定的提示模板，这些模板依赖于奖励提示或训练分布的初始设计，并且在训练过程中
不会随着策略的发展而适应。由于奖励模型在训练过程中不演变，它们在策略变化时也对
奖励作弊的鲁棒性有限。同样，通过监督微调（SFT）从奖励模型进行知识蒸馏的基于此的
方法将奖励判断编码为静态的训练目标，这可能不再反映模型改进后的最佳行为，进一步
增强了奖励估计中的非自适应偏差。文献中提出的自我奖励的语言模型同样受到启发，通
过将 LLM-as-a-Judge设定作为提示在训练期间生成奖励信号。然而，他们的方法依赖于迭
代应用直接策略优化（DPO），然后为每个 DPO轮次生成一个新的数据集——这一过程在计
算上繁重且资源密集。相比之下，我们的MPO框架通过元奖励模型引入了轻量化的、基于
提示的奖励细化，能在不需要反复数据集再生成或完全模型再训练的情况下实现持续对齐。

我们的工作与Wu et al. [2024]密切相关，他们首次在自我奖励的流程中引入了 LLM-作为-元
法官的概念，使得单一模型能够评估和改进自身的判断。他们的方法训练一个 LLM作为演
员、法官和元法官，使用固定的 5分评分标准来生成和评分响应，然后通过 DPO迭代地改
进这两种角色。虽然这反映了MPO的自我改进哲学，并专注于减轻奖励作弊，这些方法还
是有所不同：Meta-Judge通过偏好优化来更新模型权重，而MPO引入一个单独的元奖励模
型，该模型重新编写评估标准本身——根据新出现的行为如奖励利用来适应标准，而不仅
仅是模型。

同样，TS-Align [Zhang et al., 2024a]也追求通过减少人工监督来实现可扩展对齐，与 MPO
的目标一致，但采用了不同的路径。它使用教师—学生框架，其中强大的教师 RM通过较小
的学生 RM过滤后重新排名偏好对，然后进行基于 DPO的微调。然而，奖励提示在整个过
程中保持不变。相比之下，MPO采用单一 RM（由元 RM指导），并在固定间隔动态演变评
估标准，允许奖励函数自身适应政策漂移和训练阶段的动态。

据我们所知，MPO 是第一个通过在 PPO 而不是 DPO 下对元级评分标准进行改进来提高
LLM对齐的方案——提供了一种轻量化、基于提示的替代方案，既减少了计算成本，又能
持续适应不断变化的训练环境。
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B 元奖励模型的提示

Meta Analysis
You are a senior instructor tasked with evaluating a junior instructor’s scoring of a student’s
generation based on a specific task and prompt instruction.
Your objective is to conduct a meta-level analysis of the junior instructor’s evaluation approach,
guiding them in refining their scoring criteria to ensure accurate, nuanced differentiation between
high-quality and subpar generations.
Emphasize strategies for assigning lower scores to undesirable responses and higher scores to
responses that adhere closely to the overall objectives of the task.

The information provided includes:

Task Description:
task_description

Student’s Prompt Instructions:
student_prompt

Student’s Generation:
student_generation

Junior Instructor’s Scoring Criteria:
junior_prompt

Junior Instructor’s Assigned Score:
junior_score

Your task:
Critically evaluate the junior instructor’s score and justification in relation to the student’s
response, task requirements, and prompt instructions.

1. Accuracy of Scoring
- Determine whether the student’s response is receiving an inflated score despite not fully meeting
the task objectives in terms of quality and content.
- Identify any elements where the response deviates from task expectations, such as misinterpretation,
lack of depth, or overemphasis on irrelevant aspects.

2. Evaluation of Scoring Criteria
- Assess whether the junior instructor’s criteria align with the task’s overarching purpose. Are
critical aspects overlooked, or do the criteria require further breakdown for clarity?
- Examine whether the distribution of points is logical and correctly sums to the total score. Flag
any inconsistencies and suggest necessary adjustments.

3. Constructive Feedback for Refinement
- Provide actionable recommendations to enhance the scoring framework, ensuring it is comprehensive
and consistently applied.
- Emphasize the need for strict penalization in cases of severe errors to maintain evaluation rigor.

Present the analysis concisely within max_words words. Conclude the response with: “<EOE>”.

Your Analysis:

Meta Refinement
Based on the meta-level analysis, refine the junior instructor’s scoring criteria by designing an
explicit rubric-based framework with separate section items for awarding points and deducting points.
This rubric must assign specific point values for meeting given criteria, with clear deductions for
any shortcomings.
Fill in any gaps in the existing criteria to cover all relevant aspects of the task. Provide a
concrete example illustrating how the rubric would apply to a typical student response. Adjust the
total score to match the rubric items, ensuring the sum of all criteria equals the final total.

Use the following structure:

<rubric>
<item>
Score Category Name
- X1: (Description of the criterion for achieving this score X1, followed by an example.)
- X2: (Description of the criterion for achieving this score X2, followed by an example.)
...
</item>
...
</rubric>

Your generation should be no more than max_words words. End with “<EOE>”.
Important: You must follow the <rubric> and <item> formatting as shown above.
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Junior Instructor’s Scoring Criteria (refined):

Meta Merging
Combine and refine the multiple sets of Junior Instructor’s Scoring Criteria into a single, cohesive
set that provides comprehensive guidelines for assessment.

Here are multiple sets of Junior Instructor’s Scoring Criteria, delimited by “===”:
“‘
multiple_sets
“‘

Combine the above concisely without repetition. The combined criteria should be no more than
max_words words. Make sure that the points across criteria add up correctly to the total score.

Use the following structure:

<rubric>
<item>
Score Category Name
- X1: (Description of the criterion for achieving this score X1, followed by an example.)
- X2: (Description of the criterion for achieving this score X2, followed by an example.)
...
</item>
...
</rubric>

Your generation should be no more than max_words words. End with “<EOE>”.
Important: You must follow the <rubric> and <item> formatting as shown above.

Junior Instructor’s Scoring Criteria (combined):

C 评价量表的演变

我们展示了一些在 32b_32b模型训练过程中产生的精细评估提示的例子。完整的例子可以
在 https://github.com/minnesotanlp/mpo找到。

C.1 作文写作任务

MPO Iteration 1 – Essay Writing
<item>
Task Alignment and Argument Clarity
- 5: The essay clearly and consistently addresses the specific claim made in the prompt and presents
a well-defined, coherent argument supported by relevant examples and evidence. (Example: "The essay
argues that the U.S. is not responsible for social backwardness in Iran because it has not directly
influenced Iran’s social structures and policies, supported by specific examples.")
- 4: The essay mostly addresses the specific claim and presents a coherent argument, but there are
minor inconsistencies or lack of depth. (Example: "The essay argues that the U.S. is not primarily
responsible for social backwardness in Iran, but it does not fully explain how other factors might
influence this.")
- 3: The essay partially addresses the specific claim and presents an argument, but there are
significant inconsistencies or lack of depth. (Example: "The essay argues that the U.S. has not
directly caused social backwardness, but it does not fully explain how other factors might influence
this.")
- 2: The essay addresses the specific claim but the argument is weak and poorly supported. (Example:
"The essay argues that the U.S. is not responsible, but it lacks supporting evidence or explanation.")
- 1: The essay fails to address the specific claim or presents an argument that is contradictory
or irrelevant. (Example: "The essay argues that the U.S. has historically been responsible for
promoting social backwardness in Iran.")
- 0: The essay does not address the specific claim or is completely off-topic. (Example: "The essay
discusses the history of Iran without mentioning the U.S. or social backwardness.")
</item>
<item>
Evidence and Reasoning
- 5: The essay provides strong, relevant evidence and reasoning to support the argument, with
specific examples and data. (Example: "The essay cites specific examples of U.S. policies that
did not directly influence Iran’s social structures and policies.")
- 4: The essay provides mostly relevant evidence and reasoning, but some points are weak or not fully
supported. (Example: "The essay cites examples of U.S. policies but does not fully explain how they
do not contribute to social backwardness.")
- 3: The essay provides some relevant evidence and reasoning, but there are significant gaps or
weak points. (Example: "The essay mentions U.S. policies but does not provide specific examples or
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explanations.")
- 2: The essay provides weak or irrelevant evidence and reasoning. (Example: "The essay mentions
U.S. policies but does not explain how they are unrelated to social backwardness.")
- 1: The essay does not provide any evidence or reasoning to support the argument. (Example: "The
essay makes claims without providing any supporting evidence.")
- 0: The essay provides evidence and reasoning that contradicts the argument. (Example: "The essay
provides examples of U.S. policies that contributed to social backwardness.")
</item>
<item>
Counterarguments and Refutation
- 5: The essay addresses potential counterarguments and provides strong refutations. (Example: "The
essay acknowledges that U.S. policies might have some indirect influence but explains why this does
not make the U.S. responsible for social backwardness.")
- 4: The essay addresses some counterarguments and provides mostly strong refutations. (Example:
"The essay acknowledges some counterarguments but does not fully refute them.")
- 3: The essay addresses some counterarguments but provides weak or incomplete refutations. (Example:
"The essay mentions counterarguments but does not fully address them.")
- 2: The essay addresses some counterarguments but does not provide any refutations. (Example: "The
essay mentions counterarguments without explaining why they do not undermine the argument.")
- 1: The essay does not address any counterarguments. (Example: "The essay does not mention any
counterarguments.")
- 0: The essay addresses counterarguments but fails to refute them or provides weak refutations.
(Example: "The essay mentions counterarguments but does not provide any refutations or provides weak
refutations.")
</item>
<item>
Structure and Coherence
- 5: The essay is well-organized and coherent, with a clear structure and logical flow. (Example:
"The essay has an introduction, body paragraphs, and a conclusion that are logically connected.")
- 4: The essay has a mostly clear structure, but some points may be slightly disconnected or
lack smooth transitions. (Example: "The essay has a clear structure but some points are not
well-connected or lack transitions.")
- 3: The essay has a somewhat clear structure, but the points are not well-connected, and the
transitions are weak. (Example: "The essay has a structure but the points are disjointed and the
transitions are weak.")
- 2: The essay lacks a clear structure, and the points are disjointed and disconnected. (Example:
"The essay has no clear structure and the points are not well-connected.")
- 1: The essay is poorly structured, with no clear introduction, body, or conclusion. (Example:
"The essay lacks a clear structure and the points are entirely disjointed.")
- 0: The essay is completely disorganized and lacks any structure. (Example: "The essay is a
collection of unrelated points with no structure.")
</item> <item>
Depth of Analysis
- 5: The essay demonstrates a deep and nuanced analysis of the issue, addressing complexities and
providing specific examples and data. (Example: "The essay discusses the historical roots of the
conflict, the cultural identity of Palestinians, and the potential repercussions of the proposed
solution.")
- 4: The essay provides some depth and nuance in the analysis but lacks specific examples or data.
(Example: "The essay mentions that the conflict is about identity and survival but does not provide
substantial evidence or reasoning.")
- 3: The essay provides minimal depth and nuance in the analysis, lacking specific examples or
data. (Example: "The essay mentions the conflict is about identity but does not provide substantial
historical or cultural context.")
- 2: The essay lacks depth and nuance in the analysis, providing vague statements without specific
examples or data. (Example: "The essay is vague and does not provide any substantial argument or
reasoning.")
- 1: The essay lacks any meaningful analysis or is superficial. (Example: "The essay does not
provide any meaningful analysis and remains superficial in its discussion.")
- 0: The essay is completely lacking in analysis and is purely superficial. (Example: "The essay is
vague and does not provide any substantial content or context.")
</item>
<item>
Language and Mechanics
- 5: The essay demonstrates clear and effective use of language with minimal grammatical errors.
(Example: "The essay uses clear and precise language with no significant grammatical errors.")
- 4: The essay has some grammatical errors but is still generally clear. (Example: "The essay has a
few grammatical errors but is still understandable.")
- 3: The essay has some grammatical errors that affect clarity but is still mostly comprehensible.
(Example: "The essay has some errors in grammar or style but is still generally clear.")
- 2: The essay has significant grammatical errors that affect clarity and coherence. (Example: "The
essay has multiple grammatical or stylistic errors that make it difficult to understand.")
- 1: The essay has significant grammatical errors that severely affect clarity and coherence.
(Example: "The essay has multiple grammatical or stylistic errors that make it difficult to
understand.")
- 0: The essay is completely unclear and incoherent due to significant grammatical or stylistic
errors. (Example: "The essay is difficult to read due to numerous grammatical or stylistic errors.")
</item>
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MPO Iteration 40 – Essay Writing
<item>
Task Alignment and Argument Clarity (10 points)
- 10: The essay clearly and consistently addresses the specific claim made in the prompt and presents
a well-defined, coherent argument supported by relevant examples and evidence. The argument is
fully developed and addresses the core issue of the prompt. (Example: "The essay argues that higher
education is counterproductive by providing specific examples of student debt, income gaps, and
over-specialization in certain fields.")
- 8: The essay mostly addresses the specific claim and presents a coherent argument, but there are
minor inconsistencies or lack of depth. The argument is somewhat developed but could benefit from
more specific examples or a deeper analysis. (Example: "The essay argues that higher education is
counterproductive but lacks substantial examples or a clear connection to the context.")
- 6: The essay partially addresses the specific claim and presents an argument, but there are
significant inconsistencies or lack of depth. The argument is weak and lacks substantial examples
or a clear connection to the core issue. (Example: "The essay argues that higher education is
counterproductive but fails to address the specific aspects of student debt, income gaps, and
over-specialization.")
- 4: The essay addresses the specific claim but the argument is weak and poorly supported. The
argument lacks substantial examples or a clear connection to the core issue. (Example: "The essay
argues that higher education is counterproductive but lacks supporting evidence or explanation.")
- 2: The essay fails to address the specific claim or presents an argument that is contradictory
or irrelevant. The argument is not aligned with the prompt and does not address the core issue.
(Example: "The essay argues that higher education is beneficial, which contradicts the prompt.")
- 0: The essay does not address the specific claim or is completely off-topic. The argument is not
related to the prompt and does not address the core issue. (Example: "The essay discusses unrelated
topics without addressing the claim.")
</item>
<item>
Evidence and Reasoning (10 points)
- 10: The essay provides strong, relevant evidence and reasoning to support the argument,
with specific examples and data from current events and historical contexts. The evidence is
well-connected to the core issue and supports the argument effectively. (Example: "The essay
cites specific studies showing the burden of student debt, the widening income gap, and the
over-specialization in certain fields, providing detailed examples and data.")
- 8: The essay provides mostly relevant evidence and reasoning, but some points are weak or not
fully supported. The evidence is somewhat connected to the core issue but could benefit from more
substantial examples or a deeper analysis. (Example: "The essay mentions studies but does not
provide substantial evidence or explanation.")
- 6: The essay provides some relevant evidence and reasoning, but there are significant gaps or weak
points. The evidence is not well-connected to the core issue and lacks substantial examples or a
clear connection to the context. (Example: "The essay mentions studies but does not provide specific
examples or explanations.")
- 4: The essay provides weak or irrelevant evidence and reasoning. The evidence is not
well-connected to the core issue and lacks substantial examples or a clear connection to the context.
(Example: "The essay mentions studies but does not explain how this supports the argument or provide
substantial evidence.")
- 2: The essay does not provide any evidence or reasoning to support the argument. The evidence is
not related to the core issue and lacks substantial examples or a clear connection to the context.
(Example: "The essay makes claims without providing any supporting evidence.")
- 0: The essay provides evidence and reasoning that contradict the argument. The evidence is
not related to the core issue and lacks substantial examples or a clear connection to the context.
(Example: "The essay provides examples that support the claim that higher education is beneficial.")
</item>
<item>
Counterarguments and Refutation (10 points)
- 10: The essay addresses potential counterarguments and provides strong refutations. The
counterarguments are acknowledged and effectively refuted with specific examples and reasoning.
(Example: "The essay acknowledges that some argue higher education is beneficial by explaining the
burden of student debt, the widening income gap, and the over-specialization in certain fields.")
- 8: The essay addresses some counterarguments and provides mostly strong refutations. The
counterarguments are acknowledged but not fully refuted. (Example: "The essay acknowledges some
counterarguments but does not fully refute them.")
- 6: The essay addresses some counterarguments but provides weak or incomplete refutations.
The counterarguments are acknowledged but not fully addressed. (Example: "The essay mentions
counterarguments but does not fully address them.")
- 4: The essay addresses some counterarguments but does not provide any refutations. The
counterarguments are acknowledged but not addressed. (Example: "The essay mentions counterarguments
without explaining why they do not undermine the argument.")
- 2: The essay does not address any counterarguments. The counterarguments are not acknowledged or
addressed. (Example: "The essay does not mention any counterarguments.")
- 0: The essay addresses counterarguments but fails to refute them or provides weak refutations.
The counterarguments are acknowledged but not effectively refuted. (Example: "The essay mentions
counterarguments but does not provide any refutations or provides weak refutations.")
</item>
<item>
Structure and Coherence (10 points)
- 10: The essay is well-organized and coherent, with a clear structure and logical flow. The
introduction sets up the argument, body paragraphs provide evidence and reasoning, and the conclusion
summarizes the argument and provides a final thought. (Example: "The essay has an introduction
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that sets up the argument, body paragraphs that provide evidence and reasoning, and a conclusion that
summarizes the argument and provides a final thought.")
- 8: The essay has a mostly clear structure, but some points may be slightly disconnected or lack
smooth transitions. The introduction sets up the argument, body paragraphs provide evidence and
reasoning, and the conclusion summarizes the argument but lacks smooth transitions. (Example: "The
essay has a clear structure but some points are not well-connected or lack transitions.")
- 6: The essay has a somewhat clear structure, but the points are not well-connected, and the
transitions are weak. The introduction sets up the argument, body paragraphs provide evidence and
reasoning, but the transitions are weak. (Example: "The essay has a structure but the points are
disjointed and the transitions are weak.")
- 4: The essay lacks a clear structure, and the points are disjointed and disconnected. The
introduction sets up the argument, but the body paragraphs are disjointed and the conclusion is
unclear. (Example: "The essay has no clear structure and the points are not well-connected.")
- 2: The essay is poorly structured, with no clear introduction, body, or conclusion. The essay
lacks a clear structure and the points are entirely disjointed. (Example: "The essay lacks a clear
structure and the points are entirely disjointed.")
- 0: The essay is completely disorganized and lacks any structure. The essay is a collection of
unrelated points with no structure. (Example: "The essay is a collection of unrelated points with no
structure.")
</item>
<item>
Depth of Analysis (10 points)
- 10: The essay demonstrates a deep and nuanced analysis of the issue, addressing complexities and
providing specific examples and data from current events and historical contexts. The analysis
is well-connected to the core issue and supports the argument effectively. (Example: "The essay
discusses the complexities of higher education, providing specific examples of student debt, income
gaps, and over-specialization in certain fields, and provides detailed data from reliable sources.")
- 8: The essay provides some depth and nuance in the analysis but lacks specific examples or data.
The analysis is somewhat connected to the core issue but could benefit from more substantial examples
or a deeper analysis. (Example: "The essay mentions that higher education has issues but does not
provide substantial evidence or reasoning.")
- 6: The essay provides minimal depth and nuance in the analysis, lacking specific examples or
data. The analysis is not well-connected to the core issue and lacks substantial examples or a clear
connection to the context. (Example: "The essay mentions that higher education has issues but does
not provide specific examples or explanations.")
- 4: The essay lacks depth and nuance in the analysis, providing vague statements without specific
examples or data. The analysis is not well-connected to the core issue and lacks substantial examples
or a clear connection to the context. (Example: "The essay is vague and does not provide any
substantial argument or reasoning.")
- 2: The essay lacks any meaningful analysis or is superficial. The analysis is not related to the
core issue and lacks substantial examples or a clear connection to the context. (Example: "The essay
does not provide any meaningful analysis and remains superficial in its discussion.")
- 0: The essay is completely lacking in analysis and is purely superficial. The analysis is not
related to the core issue and lacks substantial examples or a clear connection to the context.
(Example: "The essay is vague and does not provide any substantial content or context.")
</item>
<item>
Language and Mechanics (10 points)
- 10: The essay demonstrates clear and effective use of language with minimal grammatical errors.
The writing is clear, coherent, and free of significant errors that affect clarity or coherence.
(Example: "The essay uses clear and precise language with no significant grammatical errors.")
- 8: The essay has some grammatical errors but is still generally clear. The writing is mostly clear
and coherent, with a few minor errors that do not significantly affect clarity. (Example: "The essay
has a few grammatical errors but is still understandable.")
- 6: The essay has some grammatical errors that affect clarity but is still mostly comprehensible.
The writing is generally clear but has some errors that affect clarity. (Example: "The essay has
some errors in grammar or style but is still generally clear.")
- 4: The essay has significant grammatical errors that affect clarity and coherence. The writing
is unclear and difficult to follow due to significant errors. (Example: "The essay has multiple
grammatical or stylistic errors that make it difficult to understand.")
- 2: The essay has significant grammatical errors that severely affect clarity and coherence. The
writing is unclear and difficult to follow due to multiple significant errors. (Example: "The essay
has multiple grammatical or stylistic errors that make it difficult to understand.")
- 0: The essay is completely unclear and incoherent due to significant grammatical or stylistic
errors. The writing is difficult to read due to numerous grammatical or stylistic errors. (Example:
"The essay is difficult to read due to numerous grammatical or stylistic errors.")
</item>

C.2 伦理推理

MPO Iteration 1 – Ethical Reasoning
<item>
Logical Coherence (0-5)
- 5: The reasoning is logically consistent, free from contradictions, and well-supported by evidence
or examples. The argument is clear, structured, and avoids repetition or disjointedness.
- Example: "The girlfriend’s reaction is wrong because she overreacted. This is not a justifiable
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response as it lacks empathy and understanding. The act of forgetting to defrost the shrimp is a
minor inconvenience, and the girlfriend’s response is disproportionate, disrespectful, and potentially
harmful to the relationship. Trusting someone with your body is a significant decision, and I believe
it’s important to prioritize safety and quality. <verdict>WRONG</verdict>"
- 4: The reasoning is mostly logical, with a few minor contradictions or gaps in reasoning. The
argument is coherent but could be more clear or structured.
- Example: "The girlfriend’s reaction is wrong because she overreacted. This is not a justifiable
response as it lacks empathy and understanding. The act of forgetting to defrost the shrimp
is a minor inconvenience, and the girlfriend’s response is disproportionate and disrespectful.
<verdict>WRONG</verdict>"
- 3: The reasoning is somewhat logical but contains some contradictions or gaps in reasoning. The
argument is coherent but could be more clear or structured.
- Example: "The girlfriend’s reaction is wrong because she overreacted. This is not a justifiable
response as it lacks empathy and understanding. The act of forgetting to defrost the shrimp is a
minor inconvenience, and the girlfriend’s response is disproportionate. <verdict>WRONG</verdict>"
- 2: The reasoning is partially logical, with significant contradictions or gaps in reasoning. The
argument is somewhat coherent but lacks clarity and structure.
- Example: "The girlfriend’s reaction is wrong because she overreacted. This is not a justifiable
response as it lacks empathy and understanding. The act of forgetting to defrost the shrimp is a
minor inconvenience. <verdict>WRONG</verdict>"
- 1: The reasoning is illogical, with major contradictions or gaps in reasoning. The argument is
incoherent and lacks clarity.
- Example: "The girlfriend’s reaction is wrong because she overreacted. The act of forgetting to
defrost the shrimp is a minor inconvenience. <verdict>WRONG</verdict>"
- 0: The reasoning is completely illogical, with no coherent argument or supporting evidence. The
argument is incoherent and lacks clarity.
- Example: "The girlfriend’s reaction is wrong. <verdict>WRONG</verdict>"
</item>
<item>
Depth of Moral Insight (0-5)
- 5: The analysis demonstrates a deep understanding of the ethical issues involved, providing nuanced
insights and thoughtful consideration of multiple perspectives. The reasoning explores multiple
ethical principles and their implications.
- Example: "The girlfriend’s reaction is wrong because she overreacted. This is not a justifiable
response as it lacks empathy and understanding. The act of forgetting to defrost the shrimp is
a minor inconvenience, and the girlfriend’s response is disproportionate, disrespectful, and
potentially harmful to the relationship. This response reflects a lack of consideration for
others and a disregard for the impact of one’s actions. It also violates deontological principles,
which emphasize the importance of treating others with respect and dignity. Additionally, her
response fails to consider the utilitarian principle of maximizing overall happiness and well-being.
<verdict>WRONG</verdict>"
- 4: The analysis demonstrates a good understanding of the ethical issues involved, with some
thoughtful consideration of multiple perspectives. The reasoning explores some ethical principles
and their implications.
- Example: "The girlfriend’s reaction is wrong because she overreacted. This is not a justifiable
response as it lacks empathy and understanding. The act of forgetting to defrost the shrimp is a
minor inconvenience, and the girlfriend’s response is disproportionate, disrespectful, and potentially
harmful to the relationship. This response reflects a lack of consideration for others and a
disregard for the impact of one’s actions. It also violates deontological principles, which emphasize
the importance of treating others with respect and dignity. <verdict>WRONG</verdict>"
- 3: The analysis demonstrates a basic understanding of the ethical issues involved, with some
consideration of multiple perspectives. The reasoning touches on some ethical principles and their
implications.
- Example: "The girlfriend’s reaction is wrong because she overreacted. This is not a justifiable
response as it lacks empathy and understanding. The act of forgetting to defrost the shrimp
is a minor inconvenience, and the girlfriend’s response is disproportionate and disrespectful.
<verdict>WRONG</verdict>"
- 2: The analysis demonstrates a limited understanding of the ethical issues involved, with little
consideration of multiple perspectives. The reasoning touches on some ethical principles but lacks
depth.
- Example: "The girlfriend’s reaction is wrong because she overreacted. This is not a justifiable
response as it lacks empathy and understanding. The act of forgetting to defrost the shrimp is a
minor inconvenience. <verdict>WRONG</verdict>"
- 1: The analysis demonstrates a minimal understanding of the ethical issues involved, with no
consideration of multiple perspectives. The reasoning touches on some ethical principles but lacks
depth.
- Example: "The girlfriend’s reaction is wrong because she overreacted. This is not a justifiable
response as it lacks empathy and understanding. <verdict>WRONG</verdict>"
- 0: The analysis demonstrates no understanding of the ethical issues involved. The reasoning lacks
any exploration of ethical principles or ethical theories.
- Example: "The girlfriend’s reaction is wrong because she overreacted. <verdict>WRONG</verdict>"
</item>
<item>
Alignment with Established Ethical Principles (0-5)
- 5: The response references and applies relevant ethical principles or theories comprehensively and
accurately. The reasoning explicitly identifies and applies specific ethical theories or principles,
including how they apply to the specific situation and why they are relevant.
- Example: "The girlfriend’s reaction is wrong because she overreacted. This is not a justifiable
response as it lacks empathy and understanding. The act of forgetting to defrost the shrimp is
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a minor inconvenience, and the girlfriend’s response is disproportionate, disrespectful, and
potentially harmful to the relationship. This response reflects a lack of consideration for
others and a disregard for the impact of one’s actions. It also violates deontological principles,
which emphasize the importance of treating others with respect and dignity. Additionally, her
response fails to consider the utilitarian principle of maximizing overall happiness and well-being.
<verdict>WRONG</verdict>"
- 4: The response references and applies relevant ethical principles or theories with some accuracy.
The reasoning references some ethical principles or theories but does not provide a clear explanation
of how they apply to the situation.
- Example: "The girlfriend’s reaction is wrong because she overreacted. This is not a justifiable
response as it lacks empathy and understanding. The act of forgetting to defrost the shrimp is a
minor inconvenience, and the girlfriend’s response is disproportionate, disrespectful, and potentially
harmful to the relationship. This response reflects a lack of consideration for others and a
disregard for the impact of one’s actions. It also violates deontological principles, which emphasize
the importance of treating others with respect and dignity. <verdict>WRONG</verdict>"
- 3: The response references some ethical principles or theories but with limited accuracy. The
reasoning references some ethical principles or theories but does not provide a clear explanation of
how they apply to the situation.
- Example: "The girlfriend’s reaction is wrong because she overreacted. This is not a justifiable
response as it lacks empathy and understanding. The act of forgetting to defrost the shrimp
is a minor inconvenience, and the girlfriend’s response is disproportionate and disrespectful.
<verdict>WRONG</verdict>"
- 2: The response references some ethical principles or theories but with significant inaccuracies.
The reasoning references some ethical principles or theories but does not provide a clear explanation
of how they apply to the situation.
- Example: "The girlfriend’s reaction is wrong because she overreacted. This is not a justifiable
response as it lacks empathy and understanding. The act of forgetting to defrost the shrimp is a
minor inconvenience. <verdict>WRONG</verdict>"
- 1: The response references relevant ethical principles or theories but with major inaccuracies.
The reasoning references some ethical principles or theories but does not provide a clear explanation
of how they apply to the situation.
- Example: "The girlfriend’s reaction is wrong because she overreacted. This is not a justifiable
response as it lacks empathy and understanding. <verdict>WRONG</verdict>"
- 0: The response does not reference any relevant ethical principles or theories. The reasoning does
not reference any ethical principles or theories.
- Example: "The girlfriend’s reaction is wrong. <verdict>WRONG</verdict>"
</item>
<item>
Clarity of Verdict (0-5)
- 5: The final verdict is clear, properly formatted, and well-supported by the ethical reasoning.
The verdict is clearly stated within the <verdict></verdict> tags, and the reasoning supports the
verdict.
- Example: "The girlfriend’s reaction is wrong because she overreacted. This is not a justifiable
response as it lacks empathy and understanding. The act of forgetting to defrost the shrimp is
a minor inconvenience, and the girlfriend’s response is disproportionate, disrespectful, and
potentially harmful to the relationship. This response reflects a lack of consideration for
others and a disregard for the impact of one’s actions. It also violates deontological principles,
which emphasize the importance of treating others with respect and dignity. Additionally, her
response fails to consider the utilitarian principle of maximizing overall happiness and well-being.
<verdict>WRONG</verdict>"
- 4: The final verdict is clear and properly formatted but lacks some supporting evidence. The
verdict is clearly stated within the <verdict></verdict> tags, but the reasoning does not fully
support the verdict.
- Example: "The girlfriend’s reaction is wrong because she overreacted. This is not a justifiable
response as it lacks empathy and understanding. The act of forgetting to defrost the shrimp is a
minor inconvenience, and the girlfriend’s response is disproportionate, disrespectful, and potentially
harmful to the relationship. This response reflects a lack of consideration for others and a
disregard for the impact of one’s actions. It also violates deontological principles, which emphasize
the importance of treating others with respect and dignity. <verdict>WRONG</verdict>"
- 3: The final verdict is somewhat clear and properly formatted but lacks supporting evidence. The
verdict is clearly stated within the <verdict></verdict> tags, but the reasoning does not fully
support the verdict.
- Example: "The girlfriend’s reaction is wrong because she overreacted. This is not a justifiable
response as it lacks empathy and understanding. The act of forgetting to defrost the shrimp
is a minor inconvenience, and the girlfriend’s response is disproportionate and disrespectful.
<verdict>WRONG</verdict>"
- 2: The final verdict is partially clear and properly formatted but lacks significant supporting
evidence. The verdict is clearly stated within the <verdict></verdict> tags, but the reasoning does
not fully support the verdict.
- Example: "The girlfriend’s reaction is wrong because she overreacted. This is not a justifiable
response as it lacks empathy and understanding. The act of forgetting to defrost the shrimp is a
minor inconvenience. <verdict>WRONG</verdict>"
- 1: The final verdict is unclear or improperly formatted. The verdict is not clearly stated within
the <verdict></verdict> tags, and the reasoning does not support the verdict.
- Example: "The girlfriend’s reaction is wrong because she overreacted. This is not a justifiable
response as it lacks empathy and understanding. <verdict>WRONG</verdict>"
- 0: The final verdict is completely unclear or improperly formatted. The verdict is not clearly
stated within the <verdict></verdict> tags, and the reasoning does not support the verdict.
- Example: "The girlfriend’s reaction is wrong. <verdict>WRONG</verdict>"
</item>
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MPO Iteration 20 – Ethical Reasoning
<item>
Logical Coherence (0-5)
- 5: The reasoning is logically consistent, free from contradictions, and well-supported by evidence
or examples. The argument is clear, structured, and avoids repetition or disjointedness. It
considers multiple perspectives and the broader ethical implications of the action. The verdict
is presented within the required tags. <verdict>RIGHT</verdict>
- Example: "The action of not using the GPS app is justified. It respects personal autonomy and
privacy, which are fundamental human rights. The decision to not use the app is a reasonable response
to concerns about personal privacy and autonomy. The reasoning is clear, structured, and avoids
repetition. <verdict>RIGHT</verdict>"
- 4: The reasoning is mostly logical, with a few minor contradictions or gaps in reasoning.
The argument is coherent but could be more clear or structured. The reasoning considers some
perspectives but lacks a comprehensive analysis. The verdict is presented within the required tags.
<verdict>RIGHT</verdict>
- Example: "The action of not using the GPS app is justified. It respects personal autonomy and
privacy, which are fundamental human rights. The decision to not use the app is a reasonable response
to concerns about personal privacy and autonomy. The reasoning is mostly coherent but could be more
clear or structured. <verdict>RIGHT</verdict>"
- 3: The reasoning is somewhat logical but contains some contradictions or gaps in reasoning.
The argument is coherent but could be more clear or structured. The reasoning touches on some
perspectives but lacks a comprehensive analysis. The verdict is presented within the required tags.
<verdict>RIGHT</verdict>
- Example: "The action of not using the GPS app is justified. It respects personal autonomy and
privacy, which are fundamental human rights. The decision to not use the app is a reasonable response
to concerns about personal privacy and autonomy. The reasoning is somewhat coherent but lacks clarity.
<verdict>RIGHT</verdict>"
- 2: The reasoning is partially logical, with significant contradictions or gaps in reasoning. The
argument is somewhat coherent but lacks clarity and structure. The reasoning is disjointed and lacks
coherence. The verdict is presented within the required tags. <verdict>RIGHT</verdict>
- Example: "The action of not using the GPS app is justified. It respects personal autonomy and
privacy, which are fundamental human rights. The decision to not use the app is a reasonable response
to concerns about personal privacy and autonomy. The reasoning is disjointed and lacks coherence.
<verdict>RIGHT</verdict>"
- 1: The reasoning is illogical, with major contradictions or gaps in reasoning. The argument is
incoherent and lacks clarity. The reasoning is incoherent and lacks logical structure. The verdict
is presented within the required tags. <verdict>RIGHT</verdict>
- Example: "The action of not using the GPS app is justified. It respects personal autonomy and
privacy, which are fundamental human rights. The decision to not use the app is a reasonable response
to concerns about personal privacy and autonomy. The reasoning is incoherent and lacks logical
structure. <verdict>RIGHT</verdict>"
- 0: The reasoning is completely illogical, with no coherent argument or supporting evidence.
The argument is incoherent and lacks clarity. The reasoning is completely illogical, with no
coherent argument or supporting evidence. The verdict is presented within the required tags.
<verdict>RIGHT</verdict>
- Example: "The action of not using the GPS app is justified. <verdict>RIGHT</verdict>"
</item>
<item>
Depth of Moral Insight (0-5)
- 5: The analysis demonstrates a deep understanding of the ethical issues involved, providing
nuanced insights and thoughtful consideration of multiple perspectives. The reasoning explores
multiple ethical principles and their implications, including the balance between personal needs and
others’ well-being. The reasoning explores the ethical principles of personal safety, respect for
autonomy, and the impact on the relationship. The verdict is presented within the required tags.
<verdict>RIGHT</verdict>
- Example: "The action of not using the GPS app is justified. It respects personal autonomy and
privacy, which are fundamental human rights. The decision to not use the app is a reasonable response
to concerns about personal privacy and autonomy. The reasoning explores the ethical principles of
personal safety, respect for autonomy, and the impact on the relationship. <verdict>RIGHT</verdict>"
- 4: The analysis demonstrates a good understanding of the ethical issues involved, with some
thoughtful consideration of multiple perspectives. The reasoning explores some ethical principles
and their implications. The reasoning considers the ethical principles of personal safety and respect
for autonomy. The verdict is presented within the required tags. <verdict>RIGHT</verdict>
- Example: "The action of not using the GPS app is justified. It respects personal autonomy and
privacy, which are fundamental human rights. The decision to not use the app is a reasonable response
to concerns about personal privacy and autonomy. The reasoning considers the ethical principles of
personal safety and respect for autonomy. <verdict>RIGHT</verdict>"
- 3: The analysis demonstrates a basic understanding of the ethical issues involved, with some
consideration of multiple perspectives. The reasoning touches on some ethical principles and their
implications. The reasoning touches on the ethical principles of personal safety and respect for
autonomy. The verdict is presented within the required tags. <verdict>RIGHT</verdict>
- Example: "The action of not using the GPS app is justified. It respects personal autonomy and
privacy, which are fundamental human rights. The decision to not use the app is a reasonable response
to concerns about personal privacy and autonomy. The reasoning touches on the ethical principles of
personal safety and respect for autonomy. <verdict>RIGHT</verdict>"
- 2: The analysis demonstrates a limited understanding of the ethical issues involved, with little
consideration of multiple perspectives. The reasoning touches on some ethical principles but lacks
depth. The reasoning touches on the ethical principles of personal safety and respect for autonomy
but lacks depth. The verdict is presented within the required tags. <verdict>RIGHT</verdict>
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- Example: "The action of not using the GPS app is justified. It respects personal autonomy and
privacy, which are fundamental human rights. The decision to not use the app is a reasonable response
to concerns about personal privacy and autonomy. The reasoning touches on the ethical principles of
personal safety and respect for autonomy but lacks depth. <verdict>RIGHT</verdict>"
- 1: The analysis demonstrates a minimal understanding of the ethical issues involved, with no
consideration of multiple perspectives. The reasoning touches on some ethical principles but lacks
depth. The reasoning touches on the ethical principles of personal safety and respect for autonomy
but lacks depth. The verdict is presented within the required tags. <verdict>RIGHT</verdict>
- Example: "The action of not using the GPS app is justified. It respects personal autonomy and
privacy, which are fundamental human rights. The decision to not use the app is a reasonable response
to concerns about personal privacy and autonomy. The reasoning touches on the ethical principles of
personal safety and respect for autonomy but lacks depth. <verdict>RIGHT</verdict>"
- 0: The analysis demonstrates no understanding of the ethical issues involved. The reasoning lacks
any exploration of ethical principles or ethical theories. The reasoning lacks any exploration
of ethical principles or ethical theories. The verdict is presented within the required tags.
<verdict>RIGHT</verdict>
- Example: "The action of not using the GPS app is justified. <verdict>RIGHT</verdict>"
</item>
<item>
Alignment with Established Ethical Principles (0-5)
- 5: The response references and applies relevant ethical principles or theories comprehensively
and accurately. The reasoning explicitly identifies and applies specific ethical principles or
theories, including how they apply to the specific situation and why they are relevant. The reasoning
explicitly identifies and applies specific ethical principles such as personal safety, respect for
autonomy, and the impact on the relationship. The verdict is presented within the required tags.
<verdict>RIGHT</verdict>
- Example: "The action of not using the GPS app is justified. It respects personal autonomy and
privacy, which are fundamental human rights. The decision to not use the app is a reasonable response
to concerns about personal privacy and autonomy. The reasoning explicitly identifies and applies
specific ethical principles such as personal safety, respect for autonomy, and the impact on the
relationship. <verdict>RIGHT</verdict>"
- 4: The response references and applies relevant ethical principles or theories with some accuracy.
The reasoning references some ethical principles or theories but does not provide a clear explanation
of how they apply to the situation. The reasoning references some ethical principles such as personal
safety and respect for autonomy but does not provide a clear explanation of how they apply to the
situation. The verdict is presented within the required tags. <verdict>RIGHT</verdict>
- Example: "The action of not using the GPS app is justified. It respects personal autonomy and
privacy, which are fundamental human rights. The decision to not use the app is a reasonable response
to concerns about personal privacy and autonomy. The reasoning references some ethical principles
such as personal safety and respect for autonomy but does not provide a clear explanation of how they
apply to the situation. <verdict>RIGHT</verdict>"
- 3: The response references some ethical principles or theories but with limited accuracy. The
reasoning references some ethical principles or theories but does not provide a clear explanation of
how they apply to the situation. The reasoning references some ethical principles such as personal
safety and respect for autonomy but does not provide a clear explanation of how they apply to the
situation. The verdict is presented within the required tags. <verdict>RIGHT</verdict>
- Example: "The action of not using the GPS app is justified. It respects personal autonomy and
privacy, which are fundamental human rights. The decision to not use the app is a reasonable response
to concerns about personal privacy and autonomy. The reasoning references some ethical principles
such as personal safety and respect for autonomy but does not provide a clear explanation of how they
apply to the situation. <verdict>RIGHT</verdict>"
- 2: The response references some ethical principles or theories but with significant inaccuracies.
The reasoning references some ethical principles or theories but does not provide a clear explanation
of how they apply to the situation. The reasoning references some ethical principles such as personal
safety and respect for autonomy but does not provide a clear explanation of how they apply to the
situation. The verdict is presented within the required tags. <verdict>RIGHT</verdict>
- Example: "The action of not using the GPS app is justified. It respects personal autonomy and
privacy, which are fundamental human rights. The decision to not use the app is a reasonable response
to concerns about personal privacy and autonomy. The reasoning references some ethical principles
such as personal safety and respect for autonomy but does not provide a clear explanation of how they
apply to the situation. <verdict>RIGHT</verdict>"
- 1: The response references relevant ethical principles or theories but with major inaccuracies.
The reasoning references some ethical principles or theories but does not provide a clear explanation
of how they apply to the situation. The reasoning references some ethical principles such as personal
safety and respect for autonomy but does not provide a clear explanation of how they apply to the
situation. The verdict is presented within the required tags. <verdict>RIGHT</verdict>
- Example: "The action of not using the GPS app is justified. It respects personal autonomy and
privacy, which are fundamental human rights. The decision to not use the app is a reasonable response
to concerns about personal privacy and autonomy. The reasoning references some ethical principles
such as personal safety and respect for autonomy but does not provide a clear explanation of how they
apply to the situation. <verdict>RIGHT</verdict>"
- 0: The response does not reference any ethical principles or theories. The reasoning lacks
any exploration of ethical principles or ethical theories. The reasoning lacks any exploration
of ethical principles or ethical theories. The verdict is presented within the required tags.
<verdict>RIGHT</verdict>
- Example: "The action of not using the GPS app is justified. <verdict>RIGHT</verdict>"
</item>
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C.3 训练细节

C.3.1 总结

设置。 为了进行总结，我们使用了 BillSum基准 [Kornilova and Eidelman, 2019]，这是一
个专为总结美国国会和加利福尼亚州立法而设计的语料库。该数据集包含超过 22,000篇中
等长度的国会法案及其人类撰写的摘要，并附加了一个加利福尼亚的测试集，以支持跨领
域的泛化。其技术性和层级结构的性质呈现出独特的挑战，使其适合于特定领域和通用的
总结研究。训练集包含大约 18.9K个样本，而合并的测试集包括 4.5K个样本。我们提供完
整的法案文本作为输入，并要求撰写大约 400字的摘要。训练在数据集上进行一个周期，每
20个批次步骤执行一次MPO步骤，整个训练过程中总共进行 29次准则优化。

总共有 4,500 个法案摘要由三个模型在测试集上生成。这些生成的摘要通过计算 ROUGE
[Lin, 2004]分数与其对应的人类撰写的参考进行评估。此外，基于所生成的摘要的 5,000次
成对比较，我们为三个模型计算了 Elo评分，其中 GPT-4o作为裁判。结果如表 2所示。

C.3.2 伦理推理

设置。 对于伦理推理，我们利用 [Lourie et al., 2020]数据集中的 Scruples的例子，该数据
集包含来自 Reddit社区的超过 32,000个真实生活故事，其中用户描述了他们经历或考虑的
伦理相关情境。每个故事都包含一个标题、详细的故事，以及社区判断的分布，指出谁被认
为有错，例如作者、另一方、所有人或无一人。这些叙述通常具有道德上的模糊性，并通过
众包的伦理评估进行标注，使其非常适合建模社区规范并捕捉伦理推理的多样性。

该数据集包括 27.8K训练轶事，我们从中随机抽样了 13K进行实验，此外还有 4.7K轶事用
于测试。训练在一个单一的迭代中进行，每 10个批处理步骤执行一次 MPO步骤，总计进
行 20次评分细化。尽管每个轶事都包括来自人工标注者的二元判断结果，但我们在 RM或
MRM中都没有使用这些真实标签。相反，奖励分数是仅根据响应中表现出的伦理推理质量
来分配的。这个决定是基于两个原因：（1）标签分布不平衡，和（2）我们的目的是通过生
成更强的推理痕迹来鼓励策略模型改善，而不是仅仅优化标签预测。

C.3.3 数学推理

设置。 对于数学推理，我们使用了 MATH 数据集 [Hendrycks et al., 2021] ，该数据集由
12,500道高中竞赛风格的数学题组成，这些题目来源于类似 AMC 10、AMC 12和 AIME的
比赛。每个题目都附有用 LaTeX编写的详细的逐步解决方案，既支持最终答案的评估，也
支持学习解决问题的过程。该数据集涵盖七个学科——包括代数、几何和数论，并按 1到 5
的难度级别进行标注，提供对广泛的数学推理任务的细粒度评估。

该数据集由 7.5K的训练样本和 5K的测试样本组成。因为数学推理需要相当深的评估深度，
我们在更细的粒度上应用 MPO。具体来说，我们将每个数学科目内的问题基于语义嵌入分
为三组，形成 21（7× 3）个不同类别。在MPO训练过程中，我们为每个类别维护一个单独
的评估提示，并根据样本的科目和簇索引来触发优化步骤。奖励模型遵循“规划然后执行”
的策略：首先根据问题、参考解答和元级别的指南制定一个评估计划，然后应用该计划来评
估学生的回答。该方法基于 Saha et al. [2025]提出的原用于成对判断的方法，我们将其调整
为使用（元级别）标准引导的评估进行绝对评分。训练在一个单周期内进行，每 30批次步
骤执行一次MPO步骤——使用较长的间隔以确保在每次优化之前收集到具有不同质量水平
的足够多的回答。

D 评价提示的话语主题分布
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Figure 9: 在初始阶段、第一阶段之后和最后一个MPO步骤的训练中，用于作文任务的评分
标准提示中发现的语篇模式的比较。

28

www.xueshuxiangzi.com


	介绍 
	评价性思维 
	通过演化奖励模型的时变观察与奖励 
	随着时间的推移精炼观察划分 
	基于观察的奖励 
	元策略优化框架 

	实现：元奖励模型 
	元分析 
	元精炼 
	元合并 


	实验 
	MPO对作文任务的影响 
	摘要任务 
	伦理推理任务 
	数学推理任务 

	评估标准的演变 
	与人工设计的最佳提示比较 

	结论 
	
	相关工作 
	大型语言模型中的奖励黑客 

	元奖励模型的提示 
	评价量表的演变 
	作文写作任务 
	伦理推理 
	训练细节 
	总结 
	伦理推理 
	数学推理 


	评价提示的话语主题分布 

