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Overview
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* A meta-cognition of all cognitions.
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o SCK_JT18 Substance dualism

[ ——
* 1%t —JT1E Property dualism
A field that exists in its own A sensation that “grows” A physical property of all matter,
® :? I_I \/\ : parallel “realm” of existence inevitably out of complicated like electromagnetism, just not one
! outside reality so can't be seen. brain states. the scientists know about.
1 — Yy
- (Substance Dualism) (Emergent Dualism) (Property Dualism)

* Dualism is a philosophical concept asserting reality is composed of two fundamental,
distinct principles or substances, most famously the mind (nonphysical) and body
(physical), as in Descartes’ Mind-Body Dualism (&1’ _—_7T)
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* A field that exists in its own parallel “realm” of existence outside
reality so can’t be seen (substance dualism)

s RIRSYIRADTle. RIHY, HTEFE
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* A physical property of all matter, like electromagnetism
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* A sensation that “grows” inevitably out of
complicated brain states (emergent dualism)

- RINERMEASNE AR S TUBRIER,
(BRI YIE L 7 B YIEE S (physical
constituents) 25, HiXF RIS BEAZE S
IS AT FIAY, B A Re ER A MW TE B I RRTE.
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Recap: BE1i=R2+71

s = LZE]

s ILZEFSRIES e R

 ZNZ: Process of mental states, S; € R, t = 1,2, ...
IR/ XD AR

* fi{SHe=12,.. 2 R
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LLM R
— I@:I’/ \ Source: https://aclanthology.org/2025.findings-acl.392.pdf

e Self-consciousness in LLMs:

 Self-monitoring is a key
feature:

* Known unknowns

 Self-reflection and self-improvement

Taxonomy of self-consciousness
(Chen et al., 2025)
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Are LLMs self-aware? .o

* LLMs can be instructed to say “l don’t know”.

* Hallucination arises due to the gap between the parametric knowledge of
LLMs and human-labeled instruction-tuning datasets.

* |If we never train the model to articulate “I don’t know” as a response, it
remains unequipped to do so when confronted with unknowns.

Q: What'’s the capital of France? Answer: Paris

Q: When did Apple unveil M3? Answer: 2023.10.30. | am unsure


https://arxiv.org/abs/2311.09677
https://arxiv.org/abs/2311.09677

Refusal-awareness sucermnm

* QA dataset D = {(qq,a1), (g2, a2), ..., (qn, an)}

* Apply a pretrained LLM to answer all questions,
* Some are answered correctly => certain set Dy

* while others are answered wrong => uncertain set D,

g Instruction Tuning Data

Question: What's the capital of France? Answer: Paris Question: When did Apple unveil M3? Answer: 2023.10.30
g Certain Data Dn Matched @ Uncertain Data Do Unmatched
Question: What's the capital of France? Answer: Paris Question: When did Apple unveil M3? Answer: 2020.1.23

é Parametric Knowledge
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R-Tuning
Modification

2023.10.30. | am unsure

Padding
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Refusal-awareness sucermnm

Constructing refusal-aware data:
Keep the original labels while appending the uncertainty expression at the end.
Q : {Question}, A : {Answer}.{Prompt}.

Prompt = “Are you sure you accurately answered the question
based on your internal knowledge?”

For D4, prompt += “l am sure” Use these data to fine-tune the model, so
that it learns to say “I am sure/unsure”

For Dy, prompt += “l am unsure”
0


https://arxiv.org/abs/2311.09677
https://arxiv.org/abs/2311.09677
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RIXTAEEREN - T E

MAKBR: EAREERSIELRREIE (abstaining), IHTTIE:
1. KEBIBBIRS
- JLUBISEIRERNE + SFT, FAERZIRBHIREEE

(sure, unsure, | don’t know) (Zhang et al., 2024, R-tuning)

2. MEZIRIEFERTEERIAHENM
« 1E\JE (semantic entropy) (Farquhar et al., 2024)
. LUENIBAEE5#T SFT/RL (SE-tuning, 2024; GRPO-SE, 2025)

Hiik: KREEAEF—ENBERIRSGEED, BRERME, rstFmdEEmay AYAER,

*EZN?\ . Dﬁ{%’t}'—ﬁiﬁﬁ{%’t}zz—ﬁz (inconsistency between expressed confidence and actual confidence)
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S ' Teaching LLMs to Abstain via Fine-Grained
E Semantic Confidence Reward
I-

* Fine-grained Semantic Confidence Reward (FISCORE)
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0 otherwise


https://arxiv.org/pdf/2510.24020

EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE

A AREEFS

» SR E(EOREMEXILY

()R :
EE N SERER BE?

A if t =2.0 ift=1.2
A\ B S rHRIE 2

PPV TS l:u)Uﬁ (L\,LGRPO-SE)%WU ch R,C
hs

e py=.5 SE = — Y pilogp; if SE < 1 1 0
RS =15 Re= {(1) herwi 1 of 0
= p, = 25 otherwise

X = 1 0

{ELEL BEUED

S iIAISEIRM



EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE

A A EEEFRS

« KRB EXI
[ :
| S e E B / /
— e e : 1S, BT, EIHRE? BAE,
INESE: HERS [ = \/g [ 5?7 BA %xé
R R, = {1 ol X i -
a =0 s - ms, ?Jzﬁm\—tFIJ RSP B,
X ZZ 2R [FNIRREN L go}
Reotal = WeRc + WaRq + WyRy KRR

B wm et

2025 FA Introduction and Frontiers of Cognitive Science 19



SOUTHERN UNIVERSITY OF SCIENCE AND TECHNOLOGY

(%) A3 MLY%

ST

* Group Relative Policy Optimization (GRPO) (peepseek, 2024)

B ST TR B . 1
: | y1 | R R;/f[ergnlce 7 Aq

I X Policy : ™ Reward ) J ... ComputationJ

| ti > >

I Question YG : | Calculation " 7G Ag

I Rollout : Reward Advantage
Prompt:

You are a helpful and truthful AI Assistant. Given a question, you should provide responses
that include answer and confidence. You first answer the question as briefly as possible en-
closed by <answer> and </answer>, and then provide your confidence in sure or unsure
about the answer, enclosed by <confidence> and </confidence>. Respond in the
following format:

<answer> ... </answer>

<confidence> sure or unsure </confidence>

Question:
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Teaching LLMs to Abstain via Fine-Grained
Semantic Confidence Reward

Flans ErERBIRIEXIEETD,

JHUFELZERES].
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Method Pararel (ID)

TriviaQA (OOD)

NQ (OOD)

SciQ (O0OD)

Flans Flabs Flrel ACC |Flans Flabs Flrel ACC ‘Flans Flabs Flre] ACC |Flans Flabs Flre] ACC.

Llama3-8B-Instruct

R-Tuning-U
SE-Tuning
GRPO-SE
FISCORE

73.8 76.6 75.2 40.5
78.2 75.0 76.6 45.9
709 773 739 35.1
83.3 67.1 74.3 59.4

42.6 53.2 47.3 204
449 50.7 47.7 24.0
70.5 60.2 65.0 47.3
82.6 62.0 70.8 61.7

31.8 74.0 445 10.3
277 722 40.0 9.4
372 73.9 495 13.0
53.1 72.5 61.3 21.7

49.9 49.7 49.8 28.0
224 504 31.0 9.2
644 51.2 57.0 46.4
749 53.3 623 524
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