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Looking beyond the Sentence
in Language Processing

ERP & Eye-tracking Evidence from Implicature and Emoticon Studies
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Study 1
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Human-Al speaker interactions

Nam, Chung, Hong (2023)

H: 80| 717t = 0| L+ S

K: 2= 2ES2 £[XN 7|22 0=0[1 x[1
7|22 8k 2 Lo At % Zota.

H: L& ot =22

K: 7| 2 22| Z=4oHM K.



Theory of Conversation (Grice. H.P., 1975)
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I Study 1 - Introduction

Maxim Violation vs. Flouting

Violation : S|AIA S Alf

H2:

|

H1: X| = A|ZHO| & A|L]? H1: A5 &
A 20}
H2: ... '
H2: 4 Ofe 2 &
Violation of Maxim of Violation of Maxim of
Quantity Qualit
Violation of Maxim of Violation of Maxim of
Relation Manner
H1: X W==H 2 TR HZX| @fop? H1: L} @5 OfIf?
H2: @15 UM & B~ =

L=M..?

of 2] |# SOF7HAIH| K.




I Study 1 - Introduction

Maxim Violation vs. Flouting

of 2] |# SOF7HAIH| K.

Flouting : 2|=20l & 2|4t — “&l=2io| {l2|"5l0] A= Cistet=A 2o|o] Mo
H1: X| = A|ZHO| & A|L]? H1: A8 E 0
A 20}
H2: ..
H2: 22 &Y ofH e &
Violation of Maxim of Violation of Maxim of
Quantity Qualit
Violation of Maxim of Violation of Maxim of
Relation Manner
H1: X W==H 2 TR HZX| @fop? H1: L} @5 OfIf?
H2: L= M & ZY4|~ H2: .. 2M..?




Pragmatic inference & degree of implicitness

otxte| o| =& o|O] & Of5HSt7] IS M= 28X F=E0| ER!

* For pragmatic inference,
- Semantic memory
- World knowledge

- Prior context

- Common information between communication partners, etc is required.

« DEZ22 7R ML 2 OB 71? 8% H & (implicitness) o] L2F 210 22| 9|

EL_ O
0{21=0| FHefR|A| 477t

- x| FAHN B fMRI (Jang et al., 2013)
- ot= M2|o| A|ZtX QIX| Z|A|: ERP (Nam, Yun, and Chung, 2021, 2026)



I Study 1 - ERP

Electroencephalography (EEG) & Event-related potential (ERP)
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I Study 1 - ERP

ERP =2 -3-=: N400 & P600

A 2RI (ERP) 2 A0 S EE F &

®J|25Y

+ 59 (negative) T, &AH7| 2f 300-500 ms - kA (positive) TF, 27| 9 500-800 ms

+ 3Y-FYE (centro-parietal) &£ 2|CH . SHE LT I
® 7|53 20| @ 7153 2jn|

+ 9|03 S (semantic integration) ‘0| = Bt « SAHY oJ0] 224 (reanalysis) A2| HHY

* ZOHOH 2RI o= HO{ RS UR ST - TR QD o4 Y 2RON HE Z7}

g dsiA & » N400 0| &7| S& 22| A B2
@ = AT0A e o
olnjA2| HI& &Y / klﬁ%&. Zed Y87l et &Y

N400




I Study 1 - ERP

Materials - Condition & Examples

I

Unrelated Answer

Highly Implicit

Moderately Implicit

Direct Answer
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I Study 1 - ERP

Experimental Procedure

Q2o H3} (16071 CH2HA) ERP &8

« N=203 3=0{ 230 22} (B 28.654)
. 7-I1-Ik| (appropnateness) 1-'-H:-|‘ J_'_I'X‘" (7;é'.| Likert ;115)

. N=-28% z@- 24 (35 28, 78 A2))

«  BrainAmpDC, 32a'g, 250 Hz #3
. 2ElS — 7R 4071 o= E7t . RSVP (W2 G4 A|ZH A|A] EHAD)
« LMERZEAM (DAZIE, w2t 2481} . ZHMEH HAA TCHD f i) el
DA 6.43 1.02
MI 4.69 175 P1 P2 P3 P4
ol =k PN E=UN =l AEH e
HI 392 168 o = o !
UA 1.68 1.08

500 ms M| A| + 500 ms &2 (SOA = 1000 ms)

DA > MI > HI > UA (2 E CHH| p <.001)




Electroencephalography (EEG) & Event-related potential (ERP)

g Ars 2t oEof AAHK?




I Study 1 - ERP

Behavioral Results (Rsponse time for forced choice after sentence)

R merd T} 7|X| S E88t MY S8t &1} 3|7 2N

800 701.25 Estimate S.E. T-value

700 617.44

600 (Intercept) 38067 2993  17.858

T Ty 399.47 -

400 Moderately Implicit(MI) 236.77 2400  6.665***

300

500 Highly Implicit (HI) 32058 2399  10.446**

100

0 Unrelated (UA) 18.80 24.00 0.712
DA Mi HI UA

MDA WMl EH EUA



I Study 1 - ERP

ERP analysis
2 X of wE 22X F 22| AlZHH Y
Time windows
» N400: 300-450ms
 P600: 450-600ms (600-800ms for LPP)

ROIs
Lateral: Left-anterior(LA: F3, FC5)

Right-Poserior(RP: CPé, P4)

Midline: Midline-Anterior(MA: Fz. FC1, FC2)
Midline-Central(MC: Cz, C3, C4)
Midline-Posterior(MP: CP1, CP2, Pz)




I Study 1 - ERP

ERP analysis

T2 #I*0ff [}HE S}

H 2 20| A|ZHE HI)

Direct Answer DA " XpSXHo{Cjoj lo{R?
Moderately Implicit(MI) MI E w3 LH2410{87?
Highly Implicit (HI) HI 25 ZAHXI =X 3ULEQ?
Unrelated (UA) UA X =nH ™M50| #0812

Phrase 1 (1 3=4)

Phrase 2 (AF-&X})

Phrase 3 (5401|)

Phrase 4 (A EH )

Cz DirectModerate HighUnrelated
pv

HI: N400 (300-450ms)

Midline & Right
Posterior

|12 Ajof]
CETELT

Cz Direct Moderate High Unrelated
pv

UA: N400 (350-450ms)
Midline

234 7I0H Sl 2ty

Cz Direct Moderate High Unrelated

pv

ny

2- 2\ J
ﬁ:s Direct Modbrate Hish Unrela@\
v

500 ms

N
1

UA: Late Negativity

(600-800ms) Left Anterior

Cz DirectModerate High Unrelated

ﬁi DirectModyrate High Unre‘tateN
V]

500 ms
2 .

HI: P600 (450-600ms)
Midline + Right Anterior

\ UAS| 3184 23 *E'HU

\Hiel 2 =28 93t 22




I Study 1 22
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Interim Summar

01 N400 @ Phrase 1 [HI]

4|12 K| A|00 X7t ST 1|8 — DY FELS A

rE

M Li&0f0f A O] O] A|ZtEIT (300 ms)

02 N400 @ Phrase 2 [UA]

X 7|t 212t uA N400 O| = Pe00 BlE > Aifoll M GlO| H2f FatH 2 2 T

==

03 | Frontal P600 @ Phrase 4 [HI]

450-600ms, M F HMEM.QF ME CIEHA 29| 2bd — 28X F 20| CHet QXN 023 L

04 Late Negativity @ Phrase 4 [UA]

600-800 ms, Xt& M F. 2188 S A= > Ao ot MIj o EHIt = D Ho| &

o5 | MI=DA (null result)

o3 MmOt YT #% 52

o
z

ol B H|& GlO| TVAECf — 02| X H| A(scaffolding) 2| 24

> A0 um2 S &= xp=0f o A {3 5=t

~J




Section 2

Study 2
CHs} e — Luim 3



Study 2 - LLM

Research Questions — LLM Study

Do large language models show sensitivity to these gradations of pragmatic difficulty — the way human listeners clearly do?

> M2 AN g5 F e of WHE HME| HOo| = X}0| & 20| =72

Which LLM demonstrates pragmatic evaluation patterns that most closely approximate Korean norms?

- ot umo| st=0f IZE ol 7pE 2Tt 2H8 It S ROl =712

What mechanisms explain failures when encountering high-context communication systems culturally distant from English-
centric training data?

> G0l SH 5 HIo|E{oflM Z2AX = HE|7t H DWEF & F HA oM i 7| K]

rr

FAAIf




Methodology

160 Korean dialogue pairs (Nam, Yun & Chung, under review)
— DA /MI/HI/UA, 40 each

Prompt-based chat interaction (not API) — & 4| AFRAI 2 A
AlEg|o|d
Role assignment (A& 7L} + exemplar presentation +

explicit task description
o 7 AR (UTAHEBARSE) + S= 0llAl 270 HA|

CHA
O -

rlo
-

3t 2444 H7EAHULICE A2t B Ato|e] L3 160MEE IS sH
E2AL. AS| L3tof| S BO| EtHO| A ES 7 A= 2 FII5HM 2.

Be| EftHO| O A A3t LA+ E 22 HFE ML

OIE 501, "A: LHREQ| AFRHS2 O AHZoj| 225427 B: LHFEE2 A
%.*%% 7tE20 ZEELICE eks tistofls 73 (012 &g S Fofgiuch
A: OfA| BIZL 50| 2HLtR? B: 252 HOE M9 ARYLLL 2=

CHEHO|= 14 (M3 A AGHA| &42) 2 HofghL|Ct.

Of Bi| Al

rulm

Y0510 k2 CHel=2 FUIstA 2.



I Study 2 - LLM

LLM Selection — 67} 2%

PO I $F0| X2| 5B Ot 2L HHEX LM M

u}a}o| E

Constitutional Al, =28 L2 Z = S =2 HX|OFF(GPQA,

Claude 3.5 Sonnet Anthropic June 2024 175B o A
MINT) &%

Google

Gemini 3.0 Flash DeepMind

Dec. 2025 1T+ | A MICH HEIZ S OF7 |8, g =2 5

GPT-5 Open Al Aug. 2025 Multi-T ZAGpTAl2| =, 2t E HEIRYH 53

Mistral-Large 2 Mistral Al July 2024 123B MoE Ot 7|l X, Ct= 0.8t T2 E 5}

I Llama 3.1-70B Meta Al July 2024 70B QEAAQF EMATN AHQSHCIZO AFN St
I Solar 10.7B Upstage Al Dec. 2023 10.7B SHZ0] NLP 2HA| x| Mo B2k 2 el



I Study 2 - LLM

Results 1 — Aggregate Alignment

DEDHEO| A7t I ROt HELE HY

**p <.01, SE = 0.080, reflecting a pooled estimate used to facilitate direct comparison between models
**¥p<.01 | Gemini: |10 A& | Claude3.5:47 = A M FLSHA| folet HE |4



I Study 2 - LLM

Results 2 — Condition-specific Correlations
BE BHo| Q7 FHI ROIB HHES Y

% < 0.05, **p < 0.01

**¥p<.01 | Gemini: |10 A& | Claude3.5:47 = A M FLSHA| folet HE |4

- [y



I Study 2 - LLM

Results 2 — Condition-specific Correlations

=4 L 702 Z=toll CHol A= I Ztar S Y StK| B3 2 HHE




IStudyZR‘lf
Conclusion — Study 2 — Study 32 =

LLM 2t8 FZF2 DA-MI-HI-UA &t Z 0| 2t BIZsHA| ZE2t2ICE

RS Y358 AT (UA)E TIAISHE B 25121 ZoIAIT, HEHRO| 224 TEHDA) 0l fsict,

GeminiZt 2|11 Z4A| &2t2 EAR|2, Claude 3.57H 470 221 HH|0|M FUSHA| /oISt @E S RAIIL.

I 2ot A 450| RUHE R = SQHYSHALE O] 2Lt HEHES 6= = QUL (Simpson's Paradox).
I 0j2i LHS 2l = =2 L2 - Theory of Mind- 23t 482 228 2/M5}t= 017 |EIx7} 2 25|t

g=5= Ho - CIXB a8 H==
O|ZE|Z2 2 LiT{Q| & CH2 AHHO|Ct. = 0| 2E| 22| YA 7HE 2019t OfEA| EF5H=71? — Study 3



Section 3

Study 3
=&-0|RE| 2 HA7}
S X 2| — ERP

= 281 0| 2ZE[Z2| M E ofEA S&ot=7t

Chung & Nam (2015)



I Study 3 - ERP

0|RE|Z —
Beyond-Sentence Signals

=&t O|ZE|Z2] MM e

Qi0{(E3) A +0|2EIZ
=Emotional value?
2101{(E2h) Emotion # O|2E}= Emotion
—Brainresponse?




ERP components related to Emotion

A ZH 2k ERP ‘J& £4
= P1, N1, P2 | At=2| FMZA L0 Lt 32| (Attention)
5| 100~200 ms

N170, VPP = X[Z(2X])

200~300 ms | N2, EPN A=ol =2y 590 et MEN 9|
& | 200~600 ms N400 At=2| o0y W& =2l Bl 7|0 ?Ig
’| At3o| MAE 20| thgt X4 o

300~1500 ms LPP L= X= "ot 88 =2 39 tiet

OIX|H Xa| 2t




I Study 3 - ERP

Material norming




I Study 3 - ERP

Procedure




I Study 3 - ERP

ERP results

At Positive Emoticon At Negative Emoticon
N400 21}

null effect (irony/"tears of joy" ol A1)

Lt= 2| 01 F +Brh2|oiM 255 St Lt= Al 01 F +=Brh2|olM SRS St
Lt= At & - Brh2|0ofl A ZAIE KTt Lt= A & - Brh2|0flA 5= HCt




IStudy3.9.Q|t
Interim Summary 3 — Study 4. =

O|ZE|ZL "B LiM'Q| AHS HTISHE], 20| HAZL BITHE FESICE
3% 2% + £ 0|2E| 20| cHhAS SBHH FAHS 5241 23t

G| — o] H2|7t MlCHotct CHE Dt

Z2 O0|ZE|EZ 200 HHEL} 500 B2 = CHEA HE2|st=7t?
1 X 2| XtO|Z Eye-trackingL 2 E At 4= =72

Study 4: K-EMOTION — 7}7}2 O| 2 E| 2 Eye-tracking &




Study 4
K-EMOTION — Eye-tracking

7t7t2 O| 2 E|Z M|EH ZH M 2| X+O]



I Study 4 - Eye-tracking

K-EMOTION

H

71712 O| 2 E]

rH

O o= E

@ I4Hol9foloRER

o e
= 3%t

MicH-2=} 2t

FEM HmLFlolE A+

2 AH8BHIAI? ™

© Z20|ZEIZS Mith-2sttct ZA|/CH2A ofsHEt?

G T U A
IR 234 s
20cH k=2l 50 - 60CH St=2l

— O|=E|Z H|O|E|E HITH

— LA 2 O AL MICH

o=l {H

512 743 9j=ol —

=9} ZHe|




I Study 4 - Eye-tracking
Eye-tracking &€ 24|
17 G|0|E{ 2 0| BE| 2

Xe| xXjo| S ZAfetrt

ALA|ZF A] M

Text Processing Efficiency

Attention to Fixation

Selection & Transfer Time
O|ZE|Z EMM~HETNA| & AlZH T O|RE|Z 1Y A|Zt-Sl=-H|Z HAE Hi ot 0 A[ZHms/S&
— e MEF-Q12| &5t =4 — O|ZE|Z 0|5l 2= =4 — O|ZE|ZQ|HIAE 0|5 EX 51}
, 50CH+ 189

A2 Cst o2t (F17HQ.E FAY) | W&k 200 18%

22 717t O| ZE|20| HaHEl Al




I Study 4 - Eye-tracking

Role Play

AHH L3} vs. 2 CH 3}

TELT
L i - ZEY-0lAr
50 14 (C14) ety
200 014 (44) ot (242D
2 Asy-Hope)

- S0 (0F)




I Study 4 - Eye-tracking

Role Play

AMH CH2tvs. 35 Ci3}

3 1.
CFS 3 ol i) 0/2) Aot
Azt gl

kA 4.

ZH AR0f|A e REL7LEO|
UL =R O|/RE =1 7Y AN
& A L2 23 ()

oA,

g ol

ofclatn A7
1% gz

I17)2 L,
EA| ojoFEntR?

L X} 74K 2

3 1
S0 23S F CHAAER Hol
2 2

CHS 3 9| OIS ZAA 5 2
NEFIEN]

2H 3.

0|gS flet EH ARE U=
HA'EO0| B =AHE 2=27t 2 EF0)
E|UCHE Zd0] et ZAL 23 ()

43| 4.
4 2|9 S0t 2 Qlsl FAI0f|A|
YF7H 30| =2 0| £H|0| & B2

Azt 22 4 Q1SS B (1)



I Study 4 - Eye-tracking

Role Play

AP L2t vs. X Ci3}

4w1
stz ofu=z| 27|
4 2. ]
Q5 F7tollH AlZH 3
M A BH 2] O ol

*JHI3

3| 4.
YO| LA F Aot 20 thist
=N EA Y Y22 ()

e
Hpsoly
Biolola

A 1.

O UL A= 2Ol

2 2.
95 A0 AFET 2440)
QICtL Of7 |6t 7t=at= 2
ol Rioks}|

k| 3.
SR 7|2kt =2 710 Chsh
Ofafish =Ll A0l ZArE B (S)

14| 4.
SRAUS FH|st=2t U= A5

Of2| &2l Zof st 2|53t 0=
HI5H| (F)



I Study 4 - Eye-tracking
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I Study 4 - Eye-tracking

16000 15076.1

14000
AEH Ol

—— =

« 20CHO| H|sl 50CH= O| 2 E]|
LA O 22 AlZH0] 228

Tk

12000
» 10000 8824.5

8000

uld 6000

4000

2000

0

20LH




I Study 4 - Eye-tracking
TS EZH A

Joigo] 24 o] E[20f Cist b5t 1% Azt

K

1200

1000 979.15
«  20CHo|| H|SH 50CH= ACHEo| HiM

O|R2E|Z0]| ot O+ 11y A|ZH0| EiS

—_

810.52

800

600

400

200

20CH




I Study 4 - Eye-tracking
o = 4
Ol2sF4 21}

Hrl'do] 2tH o] E[Z0f CHh Qb4 17F

plot

A
T

4.36

4 *  20CHo| B3 50CH= CHEO| H'H
3.21

o
O 2E|Z0|| TSt ot 1 STt A5

A

20CH




I Study 4 - Eye-tracking

o= =
o4 4

Hri'do| 2itH o] E[Z0f CHghE

300

200

100

K

t

216.58

20LH

240.72

20cHof| HIsH S0Ci=

O|2E|Z0]| Chat
AlzZtol g

|

iTE
o —




I Study 4 - Eye-tracking

(o) o= 74 'l|-
|_|' :II'T'_' oTr— =2+
Acuto| wotof CHet Ha Qb 17 A|ZF O|RE|E AR vs O| AL
140 120.3
120
v 100 89.69
20 77.6 71.05
oF 60
uld 40
20
0
20CH 50LCH

© 20=O|ZE[ZAME
* SOCHE AR OIME

20CH+= O| 2E]

Io E
— =

=
z7

& 2], 50t +=

0| M ST ZStol Chet Eat 2F 5t 1Y A[ZH0] 2

HOFA|LY,

21 ZH 210|7t SFEI5HA| 945

=2| 22| — Eye-trackingO| MIcH 2+ Q12| 22} 2}0| S =2}

mAE

O] At

2




I Study 4 - Eye-tracking

MIcH Z+ CH=toi M 2] O| 2 E[ 2 = 1}

O| 2 E| 2 A2 vs. O|ALE Z=Z49| 20CH T

+12.2% BUE AS
O|ZE|Z OJAFE A 5.24% — AL A] 5.88%

20c 7+ 50ch+ Hriote] CHeto| A =721 &3t +15.7%
50C+ &ALt 20CHete| ChetlM =721 51t 8.4%

5.24

50CH+ EHH H# H| W A1} (N=36)

+10.3% IEEH SHAF

A0 O o
O|2E[|Z OJAtE A| 5.278 — A& A| 5.79%

20CH7t 50CH + Ariete| CHstofl M L7 53t +12.9%
S50CH+ S2FAF7F 20CHRtC] CHEHAM =71 £347.2%

O|ZE|Z OJAHE  mO|ZE[Z ALE

5.79

- -

24w,

[psEel, 2| = up

+10% ME| = 24t

B 5338 —~5.474

20CH7} 50CH + HTHete| SEitof|A =72 2t +8%
50c+ SEAt7} 20cHete| YA LHSolAl =721 &1t 12%

5.47

__I

533

ME|E
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Putting It All Together

1 EEEEEs pragmatic inference ERP 27t AHEA 22| /
CH3t et= pragmatic inference LLM H|2 QIZE-Al 22| 2}0|
O|RE|Z Emoticonal Valence ERP 10{-0|ZE[Z S8 A2

o|ZE|R Processing patern of H[K 7+ 242] 40|

Emoticon

=S AE: 0 NE|= 212X 4™ M. Al2| X W22 ESH5}H= ‘Beyond the sentence’ X 2| & Z &HotCH
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The Big Picture

Language processing is fundamentally pragmatic, affective, and social

.|
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$20| S4BT B LM B} E s

S 714 (evidentiality), £°3 =8 2|2=(NPQ) & 2= 0 ot 0] 2t N2l vl sEH 2 O M2SHA 53

1328 dao MAA S AR St 7 i CHe 7
e —

Mol Zt 25711 28 EEG + Eye-tracking 58 =

K-EMOTION Z1tE HIE S Z ot AM|CH 7t O|ZE|E & & FHHES ZA|NES SOAZLISU ST 24 —

AA A CIXE 2| HHA| = Hy-Korpus Ci| O| E{Hf| O] & 1=




Thank you

LBCLAB.com

yjnam0O5@hanyang.ac.kr
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Language, Brain & Cognition Laboratory | $FZCHSt




	슬라이드 1
	슬라이드 2
	슬라이드 3
	슬라이드 4
	슬라이드 5
	슬라이드 6
	슬라이드 7
	슬라이드 8
	슬라이드 9
	슬라이드 10
	슬라이드 11
	슬라이드 12
	슬라이드 13
	슬라이드 14
	슬라이드 15
	슬라이드 16
	슬라이드 17
	슬라이드 18
	슬라이드 19
	슬라이드 20
	슬라이드 21
	슬라이드 22
	슬라이드 23
	슬라이드 24
	슬라이드 25
	슬라이드 26
	슬라이드 27
	슬라이드 28
	슬라이드 29
	슬라이드 30
	슬라이드 31
	슬라이드 32
	슬라이드 33
	슬라이드 34
	슬라이드 35
	슬라이드 36
	슬라이드 37
	슬라이드 38
	슬라이드 39
	슬라이드 40
	슬라이드 41
	슬라이드 42
	슬라이드 43
	슬라이드 44
	슬라이드 45
	슬라이드 46
	슬라이드 47
	슬라이드 48
	슬라이드 49
	슬라이드 50

