Comprehensive Entailmennt Reasoning For Hallucination Detection
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Hallucination Detection
* Hallucination detection is commonly approached through NLI

* Entailment classification inherently requires reasoning

Reasoning Models
* LRMs exhibit impressive reasoning capabilities.
\ However, users typically do not control or guide the reasoning steps.

/Main Contirbutions A
* |nstruct LRMs to reason in a semantics-grounded way
* Evaluate reasoning steps Y
\ Input
Source

* Mostcommon approaches uses either a FT model or direct prompting of an LLM.

Have You Ever Thought About Where Your Donations Are Actually
Going? ... In reality, people’s good intentions are meant to help
developing countries progress ... This leads to the creation of

dependency for both the people and the government of the poor

country on donations ...

Charity can be wrong when it is done with the wrong intentions or !
perpetuates dependency.

Reasoning

élution - LACER

Localized & Attributed Comprehensive Entailment Reasoning
Instruct the model to reason through three steps:

If all sub-claims are entailed, the claim is supported;
otherwise, it is not supported.
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(1) Decomposition
Break the hypothesis into sub-claims.

(ii) Attribution & Entailment
For each sub-claim, find supporting or refuting evidence in the source (if
available), and classify it as entailed, contradicted, or neutral.

(1if) Aggreagtion

\ @ LLM with LACER Reasoning:

<think> Okay, let's tackle this problem step by step...

The claim has two main parts connected by "or™: _

1. Charity can be wrong when it is done with the wrong intentions.
2. Charity can be wrong when it perpetuates dependency...

The document says that  AGRHIBUtION & Entailment (suB=Claif 1)

even though their intentions were good, their donations created
dependency .. but the claim says "wrong intentions” could make
charity wrong .. so maybe the first part isn't directly addressed..

Now the second part ... The “

document states that donations can lead to dependency, which

hinders self-sufficiency ... So this part is definitely supported.

_____________________ i ]| sothefirst component might not be supported . ABSISEatOn
. Decomposition . Attribution & Entailment Aggregation The second component is supported .. require all parts to be
E | Attribution Entailment | | substantiated. Since the first part isn't, the claim is inconsistent
Source """"""""""""""""""""""""" | : supporting evidence ' If: /—\ then: else: Therefc)re‘r the answer is no. (/think)
: : The claim is The claimis
CI ) sub-claim "W R—— > sub-claim | refuting evidence X supported not supported Output
qirm { sub-claim - 5 , . - =
no evidence 2 v X .. “*Final decision:** ... the claim is **not supported™**.
Metrics Experiment Setup

For a decomposition of Cinto H = {hq, hy, ..., h,},
Attomicity 1= |H]

|H |
1 |
S oundness ‘= Wz ﬂ{hi LS Sound}
=1

1 iffH‘QUhi
[

0 otherwise

Completeness "

|H |
1
Attribution ‘= WZ 1{h; is correctly attributed}
i=1

| H |
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Etaitment = Wz ﬂ{’y’i — %i}
=1

Domains and Datasets:

 Fact Verification (ClaimVerify)

* Question Answering (LFQA-Verification)
e Summarization (TofuEval)

Models:
« Large Reasoning Models (LRMs)

e DeepSeek-R1, O4-mini, Gemini-2.5-Pro, QWQ-32B-Preview
e Standard LLMs

* DeepSeek-V3, GPT-40-mini, Gemini-2.0-Flash, Qwen-Plus

Instructions
 Baeline:
- No explicit instruction; model generates reasoning freely.
* QA-based
- Generate questions and compare the claims’ answers to the sources’ answers.
* Ours:
- Decompose -> Attribution & Entialment for each fact -> Aggregation
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Insights

Manual Analysis (240 samples)

vl Our approach improves performance in hallucination detection.

vl Atomicity values remain relatively low.
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There is a tradeoff between atomicity and completeness.
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vl The attribution step often occurs even without explicit instruction.

vl Models are nearly perfect in soundness and aggregation.

vl Higher attribution correlates with higher accuracy.
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