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[Abstract]

This study investigates how the BERT language model captures the relationship between the semantic structure of intransitive
verbs and the animacy of their subjects through probing techniques. To achieve this, intransitive verbs were categorized into Core,
Less Core, and Periphery based on their semantic centrality. The internal representations were then analyzed when each verb type
was combined with wuther animate or inanimate subjects. By examining classification performance across verb types using both
token-based and sentence-based embeddings from BERT, the results showed the highest accuracy and clearest distinctions in the
model’s intermediate layers (layers 6 to 9). Furthermore, the findings indicate that BERT’s internal representations of intransitive
verb types exhibit a non-linear structure. These results demonstrate that pre-trained language models (PLMs) like BERT effectively
encode the semantic structure of intransitive verbs and subject animacy in a way that aligns with human linguistic intuition. This
study provides a theoretical foundation for the future development of language models that incorporate human language processing

and cognitive plausibility.
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.M B < NLP oA = ¥4 719 (probing methods)S &
3l o] mello] A Bl ofn| A B4 oWl A &skaL Q)
ool FAh= dubxo® xEANintransitive verbs)9t x] B A Er) 8] o] sol x| a1 9k, Bl 7]Ho]
ElFsAHtransitive verbs) = Wrol Itk =38 52 (argument @ mElo] 3 Z#(representations)oll %0] 9= E4 o
structure)ol] W} 2015 296h= SARS BHeALR, 54 o|H AR= Wr}sly] 98] wokd WMz o w cg 117 0 2
o] glo] FolnkE A e w ahe TARE AFSALR ErETh o] BERTS} 7+e wdle] olud(embeddings)S ¢lelo s ut
23 AgAbs W4 SAKunergative)9t HIthA SAb o} ZAHparts of speech), & 2u|(word meanmgs) 5
(unaccusative) 2 AliE-glel= H|d14 7Hd(Unaccusative 3} 2o AEA] olo]H AuE q]_ﬂ_o}ﬁ g4l 12 (probe)
Hypothesis)o] AFEATH1]. HTA A= F017F 9 o WMEg Fusle] BAETH4],[6]. o)2]d B mee

AHagent)®] oJv & 7PAH APLHRQ] LS HEhfe wt tlorst olo] &akal Aol o H o AHEE "o, o]
H(walk, run, laugh ), Hlth4 A= td(patient F= 23] /)29 g8 o] mulo) ;mﬂ W oju| A HZ
theme)& Fol& 7pA| F=o]7} ARzdolu} o] Ws} 3k Moz o omHalil 9li=x] TA|H o= Wl 5 9
[e)

< W3S Yepdti(all, arrive, break %). ©]2]$k ou]| o9 Wz 5]
o] zpo]i= F0l9] 44 (animacy) = #AI7E Ak dE shA, B 7o) w o2 gElel 1A RE|(search
g°l "o sAhks (la)A | Fo17F A& (animate)d =} classifiers)= ®Elo] 22 olwgel] UlAlE sHs} 3re 8
22l A4S melm, vl FAE ADAY FE R e} 59 elolx yFt B TEH Bt ol
A=(nanimate)d W =4 A7k B golshAl= Al 8l 39 ) Awss) A¥sta Bk o) ALgEoH7](8].
tH2]. o= vt AL 2 A o= giie] o] elS 71 Ao Sola 2 (layer—wise) B4 7)Mol welgo]
= 9ud B4 wliteln, AE Fo)7} d¢xHagent) 2 3|4 transformer 7]k ZElo] 7k Zo] olo]a] AR = ojwA| 5
Hels 17ke] QIAA B FESh] wiiselth whebA A Absle] mEEta glom, olglet A} oW 9AH Pz
AR R Fo19] F-A8/4d(animacy) ol whE 7 A2 (hierarchical Structure)_é bﬂ/\%g]._,_ o)==o] 3k zl0] Q)
ol Asje] EHA F 3AH3 £ B8 ATHT AHAL[9]-[11]. olel 398 24
HES BE o] Qlofr 21*4 e} ke 2d] 1A
L. (@) ¥I'5A A - Tom laughed. A e}dA(cognitive plausibility)S H7Fs= ] 83 &
(b) ¥l FA}L: The window broke. Az 28k 5= o),

1-1 872224 shedalen] BAEE AL A4 TAY Zelx Aqus 2
NME v F83k ow|E A} - AR(chatbot), 7t
< Ak o] A (Natural Language Processing, NLP) 2} ¥)A (virtual assistant), W3k 33 A]2El(interactive
Fopoll M= ERAEH(transformer) 718 o] thaFak o recommender system) ‘s TFFRE AH]27F NLP RE-S &
o] FAA F2 AdeS Holal Jom, 1% BERTS} 242 a3l AolslE] T A ALext AFS Alwsta ok 1
APAsHE o] B El(Pre-trained Language Models, 2L} Thek o]g]3l olo] melo] o]l S-AIA oLt xFEALS]

PLMs)o] thdw o= AR5 uh[4]. 2k, QIZke] <l ou)g} 2o nHE ddojx] ERS ERa| slialx] Rat)
A A AR TS HelFe oY <lo] Rl(large  wl AR Q1x|ahe Au| 2] Apd Ae) g AR AL )
Language Models, LLMs)%= 57d3ato] lo] @%ke] Q14 AskE 4 Q) oY AE Au) 204 AFERES) W)} A
=]

S Htehs ol 283 43S sfaL g5 olek 2 Bulo] ukx] o= glo} B ae)e B Lz}l ke
2 22 theket o] FAlelA “‘101‘4 Aee Holm Azt ) Ao ALeA} AT} MEL= A k48 5 ) u)
ol o) Aef 2t AL SHE MelFaL Qe wEel  ahx 2 sl Agkeke ddofshd olafe R4S B3| el
54 dod ol MdS AR driht gs] ofsiet o] Q1A BFFAS ol AL wIH o7 TAY Hellx
3L FAskeAle A o de] Wetks] ekl vt glvk Au) 0] EA Sk AL} AstA AT ARHon
I FAAE 53] 019 fA84d(subject animacy)¥} AFE &5l o) W2=A] FAje} 3 2= 9k
Ake] oJu]d Ed(semantic properties of intransitive wepAd] B 7= gl 7)Me 8.83te] BERTS 2o
verbs)& Relo] duhf avp o R Shgstal gleAlel transformer 7]WFe] A}A3RE Ao] RE(PLMs)o| "zroi—o/]
g AAARL A7 obA 53 AAolth o= QIRtel 5 e xgu ApsAbe] ou|E EAS A4 <7k GA 5
A 1) 9 FGargument stucwre)s) F2) 4 o2 olsjayn EeleA LA Bk ol B A
g Atol 8] efm A PAIE APA o m QIA|staL sA ek A 812 olo] mulo] olo]& X} o1 A EFFAL o] A%
o mRe SHE AyHeR vw BT At ASS wiegsiar qleA) wok skl Bkt I,
AJAFEEEE,
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£ A= Sorace?] 2] AFsA) 91A(Split Intransitivity
Hierarchy, SIH)[12]2 o]&% 7utoz AA3la, Core,
AsALe] ol whet Folo]
A (subject animacy)®] transformer 7|1t ¢1o] melo] &
7 Aol WA= YIS AR BAEE b HEo] 9l
o} FAA o2, BERT Bdlo] 7} AsAt 73 A3he o]
o] RS AA A FARE BA o' Heskal st
i J=A ‘%*”(probing) 7IHE &3l Brkstazt g ol &
el 2 A B Slayer)'EE 5209 w*ﬁ’“ﬂr #F
SAFO] oJw|A EAdo] 01‘97%] TAHR QI ] glom,
ol gt AHI7F T3+ YAH R ofEA a1 JEAE
TS, 17k 7 A I vlagt fAP = xkolH
gt HEHoRE & AT A%E uiEe R It
9] oA A FE B} Hgs] wkdsh= 2pAlt] Qo] el U
S gk FAA )3 ASAR]D o] &4 7|HES vldsE
AT-9] Aol Qlrt
ol& FAIFoE Adsly] st thad 2 AT A
< AAssit

Less Core, Periphery &

:,’-_o]—_’ o].‘::x] =

tlo r

o

A

RQL. 1zte] & A8 AAoA Fol9] {4 (subject
animacy)©] AsAF] #3(Core, Less Core, Periphery)
o we} g A T2 A P WX

RQ2. BERT ®2¢] U5 F(layer)'B= AFsAte] F3 ol

2 Fojo] FA4 ARV} JIYEE P ofE g
A&7

oL

Fol ¥ Qs Al ofn] s} Folo] f44
Baks] PR, Qg oo} mel zhe] B
o] fAbgat FolE AAH 0z B ), G

2o SI3ke) lol7] A o B3} o2 W

4 12 o

Il. 0|22 HiZ

2-1 AASAC| 220} ojn|A A2

Soracex AFsAE] on|A §A4E U AAH R A9
317] 98 2] A=A YAI(Split Intransitivity Hierarchy,
SID[12]& Aekslsitt o] $Al= AFsAE 391X d(agentivity)

I 24 (telicity) ol gh= 7 714 2m]F] 7)ol wef Core,
Less Core, Periphery?] Al 714 3¢ W2 et 319
A2 Fol7t duh AR o)A FE5 AR YHARIAE e
Wi, 5442 AP UehdlE Azdo] Wkl T4 AJeE
AY=A]9] oF-E Uepdit), o £9], Core sAKarrive,

AR stg o

DR (BERT)| AHEAIO] T3t L= F 3l 24l

disappear &) B8 A o|HA A o] sk A1E YE}
1L, Less Core BAKsink, grow $)& S2AJ ol 394
o] A]—\;H?H om BRI Z7kH EAS slach wim
Periphery &4Hexist, remain &)+ AHE el 57
A3t si9ido] BY Yt} Soraced] ol wEwW, AFEAL
o] aF9] W= Al29d0] sh5Ate] Qo] H5 oA et

HE E3) *]’T%ﬁr(overpasswmation) L=
A7k wedo] QIvh[13],[14].

B 1. 22| XSAL 1A
Table 1. Split intransitivity hierarchy

Change of

f (arrive, leave) Core Unaccusative
location
[Directed (rise, ascend, A
motion] descend, advance)
Change of (wilt, become,
state bloom, decay, rot) Less Core
Appearance (appear, disappear,
happen, arise)
Continuation of .
preexisting (stay, remain, Periphery
condition suffer, continue)
(exist, suffice, (more
Existence vanish, be, belong, .
variation)
seem, please)
Uncontrolled
process
[Emission] (rattle)
[Involuntary )
reaction] (tremble) Periphery
Controlled
motional (swim, run) Less Core
process v
Controlled
nonmotional (work, thrive, talk) Core Unergative
process
S, Tolo] AoleliA o Qlzk AAelA] FAIH
S gt} o3 d A (animacy) e E83 X 9= 217k
oA W T, o] Hoi, ofe] 2lofol A Qlzbolu} 5
I} -8 PEA x| x]o](animate referents)s= A2 T
TF el Al o oA A= Aol AtH151,[16].
, SR e B B Frg BEE 9es
dul, 58] £ae] Fof e o AF vk ol

o rl

GO} A2 AEA i FAEA el 23k
P 71998 wj(e]: The music soothed the child), A&
e FolE AR 7]k Aol itk ol EH
S AAsE A7E olo]d 4= K4l The child was
soothed by the music)[17]. B3, 3}AE-2 thd(patient)
o] AEd w FAEY Tt 1 A+ F5EH TS AASH
= gl tH 18], o]Hg AT AHE2 AEAo] Aol A
“J(language production)Oﬂ/‘ﬂ A9 Aes = M-S

AR,

ON
ﬂl

5‘.:

Hn 2 ATt 24 bE o2 o e 12
2 N
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AsAke] B A M = Folo] FAS T8 4TS
gt} 22 AFEAREE o7k AEIA FAEIA ) w2} &
o] oA A3t w4 58 7hs Aol FEpith o,
"The man arrived."&= A28 #7402 Pol5o 2|7
"The rock arrived."s #5920 2= 7sskx|ale oJu)z| o
2= FAARHA =AY o] -d Folo] {FAAdS ]
oA A A el FES WA= T8 840
2], o]AHH Folo] FAES ] ofnH AFA/dEE oY
2} o] ofn] A FjA] ol = Fa g IS Uk

2-2 Qiofst 7|8t @ 24| (Linguistically-Informed Probing)

Zldo] A2)(NLP) ofe] 2dl 5= 3h?] BERT(Bidirectional
Encoder Representations from Transformers)+s= &35
ek bidirectional) 0.2 ¢lof Tojo} Falof gk YR E
SHo® ShEshe 54S 7Ith AEA 2 o] Belsol
b g ko mnt Aefste] thole] onE g Aol
st o= olaigld A¥ <], BERTE Transformer o}
X9 Self-Attention HIAUETE &3l &7 ]l o] 3¢
o] #Aet Wt ARE v G 23 & At 19].
o]#]3t sl% WS F8 BERT: wojo] omi ojje}
W oS TRto g o W] wAlgk ojn] 2ol E QIAIEkAL,
izl
=

R 9lo) AYS ST & A Ak,

O

O

Moo
o

o] mels giato 2 3 2W(probing) A¥-S S =84
E(logical inference)dll B2 Aojg Frol QQaY
AEE Al A A7, o]F Edlo] o3 oju] A
(lexical semantic alignment)°|4 25= Al S (contradiction
signature) &2 ©<edk oln] AR = gypH o g Qays)al
AT ©h2A(monotonicity) ZF 22 53491 210} Ao
geiM = A os W Ad5S Bl w3l o] sk 13t
A AXE F7149l 3015 (fine-tuning) & &3l A% 7l
Ao 7153k Ao & e 20].

Katinskaia®} Yangarber:= BERT % RoBERTa%} 72
Edayn 7ke] AR sl Qo] Bdlo] gAjofo] FALe]
“J(verbal aspect) BF5 WHF-Ao2 ofdA Qladdsl=A|
z2y 7IgEs F3 A8t AT 59 944
(boundedness)®ll W& ou|E2 EXo] FA} Ao A
oAEA JTS vXE=A] ZARIATE AE AT, ols 2E

o
FR AL FoA BAF A ARE B0 R lFdshs A
o vepgon, onH o A% (bounded) F2 gt

Gstal S AR 21].
Kissane, Schilling, and Krauss®] 4= td o] &
Y(LLMs)®o] A4 Q4 (verb-particle combinations)

http://dx.doi.org/10.9728/dcs.2025.26.5.1339

ol theto] FAKmulti-word verbs)S WH-2 o2 oj@ A %
d3te=AE At A% BERTY] AlSE 18S &
A5lo] FH5AHphrasal verbs)e} A X|A} HAHprepositional
verbs) 1] Zfol& EAIEI3 o o] & 93l =W (probing)
713 Anks}l 38 Zh(Generalized Discrimination Value,
GDV)& &8stk A3 A7}, BERTY 53t SolA + &
A REe TP =2 B AEETE UEls o, o] o
o] B4 AFelA A ztolE Hrt WeshAl S5t
S AAKSEEE SA|TE GDV Aol A= A4 o s = o)
Ho| F5lah] gol, LLMO] Wiy F3o] st A3 127}
ofe} HlMF A o= 4 TFsdo] S-S HolFUTH 22].
2 ATE o] AIYAT =i A WHES vgeR AFS
FEsielet. 71 AT 2217 AR WAAF A 29
(take off, give up )l 2HS FAhH, B A= &
AEAE TASRE Sorace(200002] wld YA(Core-
Periphery) ¢} =0]9] A1 dolgk= E3t 8918 41830t
Fok thFet 719 BERT 22 vlal Ao 24, »d
TR mE 28 J1FY §AS THH R HESSGTR=
Ael|A Z zto]E BRI

. A7 LE
3-1 4% Hlo|E]

2 AT A ARgE FARE = [12]7) Ade A
Atel YAI(Core, Less Core, Periphery)ol we} zF Ha4
2 ti37d0] A= sAF 15718 S AAste] & 45719 AFsAL
& AF gldom AAgsgitt ZF TARE = [1]7) [12]4014]
1-gatsith AdS 913k T 74 9= 900070 = A3l

2. AEol| ALSE ol
Table 2. The words used in the experiment

Core Less core Periphery
arrive wilt appear
leave become disappear
rise bloom happen
ascend decay arise
descend rot stay
advance melt remain
come freeze suffer
depart evaporate continue
enter vaporize exist
fall solidify suffice
drop crystallize vanish
sink darken be
float yellow belong
slide germinate seem
slip sprout please
Total 45




7} SAPER A4 Z7(animate/inanimate)ol] thal] 2t
7} 100709 & AAd3te], EA1E F 20070€] S v
St} B3-S ChatGPT-40l Al 2.33)e] st o A
A5 ol T3 ol whAl 2210] AL, ofn| A B,
AR FE 7Fo R RS 5HACR Prislgic) 3
72} b X == Cohen® Kappa A5k = 0.782) & Al=
Hlom, o= ARe o] YA = geth EUX|g
7.6%2] T tla|x= AR =9 e A3 HrHE Fel
HT A4S o2 Mg Snsgict 1 2y 7 i
(1571 FADE 3,000709] £7H157] SAF < 10071 X 27}
A ol FA)E A oM, olF BF ek &
9,000719] A% o] AU o= =519} [9]¢9}
& F8 probing A5l AAEE 21 10070 W] €]
X 7S 5 o, o9 Po] HAHE ARE
Hiro 2 QAR BF A Hrket T 1d 4ol Ve
SHoATt. e, A £ge] P Aol oF 6.68T itk &}
FALY] 3R AR core BARE B 6.847H0], less
core A} GA] Ht 6.8490] 21 periphery FAR= &
It 6.37o]= et oA Al W 7 g Hole] A
o7} AA] go}, AA| HlolE = o] WellA #5343+

e Bl 5 STk

M
i\

S

2 A= B4 F5 Zd(feature extraction model) &
Transformer 7|9k R22[23]Q] BERT[19] AR&-3te] =
W (contextual embeddings)S A3t} - A3 oA
= vl 217]9] BERT RdlEo] Agw|glom, 24
FAH 072 A F3H= ‘google/bert_uncased AlEe] RAE
S 7o g F vl 7HA] Elo] AAE T A xhE
2o 9717} 22 =A% BERT tiny, BERT mini, BERT
small, BERT medium, Z22]3l ¥ 17|91 BERT-base©]
o} o] ZAEL goloj(ayer)e] 2} 3]E 2d(hidden
dimension) 9] =719l whe} FA| A o2 FEF T

TAA o2, BERT tiny =22 2719 #@o]o]2} 12871<]
3] 298 7HA9, BERT minit= 471¢] #lo]oj <} 256712
3l 2 2tErh o2, BERT small B9 47]9]
glojofe} 5127H9] 8] 2H1S 7FA™, BERT medium 52
< 8709 #loloje} 512719 8l A 7R} mpAEko R
¥+ A7]9] BERT-base 222> 7P Am, 12719 #lo]]
9} 7687119 d1& AHAS 7HITE # ATl A= o)) o] T
&3t 7|9 BAAAE VR REES ARESte] BE A7)0
T e A 9 7F mElo] o] dAS R¥se T
g5 AAA SR A8kt gk

B Ao A AFRE BERT RE2E5S Z(layern)d] 7, 24
21 (hidden size), 1€l 3| =(attention heads) 7l w}
g} Aso] vdE2A vepdt) 2 Bddes Akl v)go] v
AL wkEXNE 38 SkE s o] Ao, F RAYTE 1

gl

AR ot A0 2E(BERT)2| A-SAtol| CH et LA 23 B

X
glo] 7V 71& %3 skol 7155k
A= 7 7 ol Hlg
913l $eliz Bkl sk =

1=
Y& FEoh, e A Wz 3] S8 &

QYL A4k}, RE FAl e duE PO
[e)
=

B Ao = 2x2H 3]9(Logistic Regression, LR)
9} ¥ E e #2(Support Vector Machines, SVM)&
B pas x23819tH24]. 228 37 9y W
sl 7ssk dke] B85S RdushE A8 B R,
MEE HE e dolEe FAE FEshe
(hyperplane)< 3= A =85 7|0k Bdolt}, 7 29 &
A AL o =1 [22]9 WS U E ujsith

£

3-4 Generalized Discrimination Value(GDV)

E AFdAE del" e S 7t £ HEE Frkee
R %2 Awts} IE ZHGeneralized Discrimination Value,
GDV)S AH&3liv25]. GDVE ZF Ze Wiio] dlo]E
So] dup} A o] lar, S el Al HEs]
HEE=AE A o2 S o=, ey 22 14
< &3l At

4 dole] ZRJE X, _, v=(z, 1., p) E ZF 294

2 EF3Hz-scoring)ste] B3} St

~

1 Lua ~ Ha

Sed T T o (1

tlo
lo

N
AN 1y =+ Y z,.,= BTE evl@nk
n=1
o, Zelzs v A ele el 1 HEALE AE)
31, % 7k9] Aol 2 F3) GDVE Ak

GDV=——[<(d)(¢) >—<d)(¢,C,) >) &)

= GDVe] A9 BWAS fA5] 9

D A9l 58 oJugh

5~

3 =d =, of7)x 714 D=

Y
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glojefe] 2kl Frelr). AR oR GDV ghe] A5 (1
Q.AOT_/';E) E.EH/\ _g] T,‘:_L;q }\é}c_;_o] E'g] ,_ _/] ]?51-1’4—. H]
B2 GDV At A8 AL o] =1 [22],] HpA S

T wgkek

v. & 2

4-1 E2 7|8t 25 (Token-Based Classification)

EZ 7HE 5 gg 23 A= o5} 2k
WA Core Verbs("ﬂ’x‘:] EAhe] Ae mdlo] Ao Hut
Ao g ufg =2 AHEEES Wtk BERT tiny(27] &) =4

_VE

% ojul oF 0.97 ol’de] & AHIEE H
i 247 )M E Fol oA A eFte] A
T W F 79 e Ae=(0.99)°l =2tk BERT
small(47]l %), medium(87l %), base Z2(127] )< A
HA SHE AE=r} °] v w9~ Fokom, o]F Fol| A x|

o7 QMAo)I & S WOTZV’“E}. B3] 13 7719

BERT-base 292 27| SF5E 79 93 A== H

o B
,lTll

== TI_Z]
3led, Core AR 9u| A17} 319 FolAE olv] WS- &
Ao 2 FAH oS EAT 5 AATH

Less Core verbs(@ A SAPAAME 7] ZFolA
ojn] s =2 AFEE HG oL tiny BE2 S¢Sl
A e v v 4 E YeRith 28y mini &
9 o] 3 PR RAREE XN oA ofH| - &

AIEE 7|51, ol ZAZTE UL A UA HF
HoZE oF 0.999 g3 AEEE Yepllt)h o= Less
Core A} BRI} Core FAL] vla] ¢l5Y ol =

34|, BERT Rele] S3b 1L o] ol A= wlas] w2 A)
aabH o Shag S ovRitt

ulx|uko 2 Periphery verbs(FR8% SAHE A BF &
7P ol et o Yo e Bk tiny RES Al
3 x| Belo| A= 27] ZRE JdE] e A
ERACh mini B8 o] el A Fol o]l Feknr)
&3] A3, E3) medium base A= wEA =
o A3lno) Tuslo] AF9Z=ol A oFA A o 7 A E = oy
< B3tk o] d¥l= o A3 78 RHYSS Periphery &

AbS) FgAoln et o] JuE W ERAoE T3

4-2 22t 7|8t 28 (Sentence-Based Classification)

2 719k el gk AE Ak E]»—z} 2}

HA Core verbs(3A EAhe] A9 BERT tiny 22(2
N 3)E B9IS0) e vy o s 42 0.90 o))
2 715skslon, AS(13)ME Aeert g% oA

g

http://dx.doi.org/10.9728/dcs.2025.26.5.1339

BERT tiny model name : google/bert_uncased_L-2_H-128_A-2

Acuracies K ayes (Corevets| i Aeuaces s o

L™

[ T R ] [

BERT mini model name : google/bert_uncased_L-4_H-256_A-4

Ktk

SEEE

SN

' 1 1 3 ' 1 1 3 ¢

o i b

BERT small model name : google/bert uncased_L-4 H-512_A-8

Ktk

SEEE

+4e4

SN Wl

' 1 1 3 ' 1 1 3 ¢

g v g g
BERT medium model name : google/bert_uncased_L-8 H-512_A-8

o (e . . K s s

+ SN

Lo Ll i

s K e s

+ i

| SNt
£ 8 +i

| L™

=T S

j_ED.I 1. H= X-Is__|L:

Fig. 1. Classification accuracies

%) w27 zow vl W 8BS welD, 25

pud o
oF R T HFY] W A g AR FAY 5



3] BERT small, medium % base Edo| A= ZHHLE nj-¢-

=2 TS 71E53oH, 25 o e+ A7} 0.999]
Al Aoz FAHE EQ% el olgg Av=
WA FARY] oud EAo] £ Ao Wty Agtse] %
7] THE ojn] EA o R "Ji‘%‘ I dSE AAKSHT
Less Core verbs(2 491 A Ho|A= BERT

tiny 22| %7] (03N F %%7194 A7} g4
o7 e FFS yehlon), 135004 343] 24 JEl=rt gk
= QFg 8=k mini EEoM % Z0F S(0~1%)9] HE
S AUE o YR uh 23 o)Adel| A FA3 S Kol

W i Aol =23t & FA]%E2Qit) 3] small, medium
2 base B = X0 SHE o]n] 2 HIALE V5T

Rom, A9 FeAE Ao g A EE vEhH -
SHE s A ol B IAAR] FAKY ofn] Hu
7h BElo] Ryt SRS B g o® RAES Al
Atghet,

ulx]9to 2 Periphery verbs(F#4] SAP HIollA= 7}
& 2 Wsp7h $EE ATk BERT tiny oA = Z7] Sl
A T B A E 7S50, RISl wmEA S
7¥ehe S BT mini BY HEE 2 S04 tha
2 35S HAANE 23 5E] & £ 07 3dE o] 3~4F 0l A
A9 ekt Ao e Oﬂ A= e Eﬁ] BERT small, medium
4 base BRANXE 27] THH 22 A5S 7153, 49
oA wlg- wEA Ha gl E=gste] Al HE e
& ARl ollst A¥l= FHA TAP} tE ‘ﬂzoﬂ H]
A7 ol =7t E=x|wk, ®eEle] 377k AR 1L ]

-]:,7_ ayHoR el AJw o) ﬁal-;g]_oq

X1z
‘\1_]——1

[e)

lo, 4

ﬂ-

4-3 H|oje| £2| 7Fsd S 2t GDV

1 ArellA= BERT 229 7t F(layer)oll A 2FsAE
&(Core, Less Core, Periphery)ol thdl dlo]gle] £-g] 7|5
A& AA o= Hrkshr| f1al dwtst W8 gHGeneralized
Discrimination Value, GDV)& #4313t} GDV 3te] <&
FE(H 57YETS) S 7o Aato] HERS vERt

WA Core verbs(34] &AD W=29] 79 BERT tiny &
27 32 dvdos 2 Yl(intra-class)ef 2
ZHinter-class)e] GDV gk #fo|7} AA] ¥poH, F+ F &
FAUASRE =2 GDV a8 ) 71538t S92 1t
o] 8] 7FsAdo] W& Ao = YElth WH BERT mini &
A4l 2)FEE Fol Aodes Zs U A(intra-
class)E eHdH o7 Yolx|a Zg~ 3+ AP (inter—class)
T ZolX= Aol BEH GDV Fhol ol whgh Mk o
T2 HslelAA HlolEle] £ rFeAde] dEE RS
gelet = 9tk 53] BERT small(47] %), medium(871
%), base(127] &) EHolA= Fo] o]

A5= GDV ghol
A& o SolA(H &

299 2oz el B Tl v

1345

DL (BERT)S| RS Afol| CH ek Lh={ F5 EHAY

[ =

BERT tiny model name : google/bert_uncased_L-2_H-128_A-2

o e vt

gyt

w Bt |
e il

+ Gt
el

' 1 1 '

e o gy

BERT mini model name : google/bert_uncased_L-4_H-256_A-4

yes et

oL

ety e
+ @t
el

+ 0t o

el

45

—_—

3 ' 1 1 3

e y

BERT small model name : google/bert_uncased_L-4_H-512_A-8

GO Ao Laers Core v

oy

gyt

o + ey |

il

+ GiSteel
el

W + G et
e

T 1 ) [ 1 3 i

g i gy

BERT medium model name : google/bert_uncased_L-8 H-512_A-8

OV Ao Laers Core v

gyt

o] [

@i

+ Getee)
il

+ GiSteel
el

R [
by

bert-base-uncased

[
gy

ey e
+ @t
el

+ @atee)
el

ot
el }

4 [ ] ] I T 1 4 i 1] ] b 1 1 4 [ 1l ¥
e e ly

J8 2. Zeia Zholole 22| 7ksM g ek = GDV @t
Fig. 2. GDV values indicating data separability between
classes

W} B8] %% F7]9 BERT-base EdloAE F71=(k
~8F)oll A 714 e GDV #h& 7153}e], o] Zol|A] dlo]

Ble] 9] 7ks4o] 71 Hold s AAHILh

http://www.dcs.or.kr



C|X|" 2l X 55| =&X|(J. DCS) Vol. 26, No. 5, pp. 1339-1348, May. 2025

Less Core verbs(@ A1 TADH RFAAME fARSH
Agko] Yehgoy, Autdgow Core WFEY GDV #e
Zétﬂ%lo] tha Zo} oA o g o] & gt BERT
tiny % mini 22X Fo] ZfXHA GDV gke] 74l
Tha A e small X2FE GDV gke] 7o) s
#2EJY. 53] BERT medium 2 base Ud]oﬂ’ﬂ“ 0]
Zlo)A4E GDV gho] A&A 0w hashH (e 5 W),
S 7F dlolE] &8 7Fs o] Tk o) F v WEs]
Ebt}. BERT-base 2H9€] 4% T35k 65 A )M
GDV gko] 71 wrolA= AS ER1e 5= i) o= & &
AR AR ofw] AHTF S PR o)e] RdlA] B}
BIA 07 QI RS YERTH

wpz|Bko 2 Periphery verbs(F®¥4 SAD W= GDV
#rol Al ’IF= & 7P =A YER iAo = doly #e
7hsAdo] Wttt 53] tiny$F mini EHle A= Fo] zlold
T FH= Y 7FsAde] &% Moy GDV gkl
MAe) A gokek SR small BUY-E] GDV 7o) 74
7} ksl vEhr] Ao, medium EEolA = SOl
zloj 3o what e f A7t 2Hastar S8 3F Agrt
S7VelAA GDV gro] #4402 7§ ¥ it 53] base &
dolx= FHElA GDV kel 7P v AR &)
< 7153k, FHA S on] AE QA T PR o)
o] BERT ®¢l F1F5olA a4 o= 159 ¥ -5 AT

FTEH O R GDV B4 23}, BE AFAL ol 2]
TR} Fo] SIS dolE ] 7Fsdol ‘ﬁi—."ﬁ‘] =7t

3191t} B3] BERTS] S5 6~9% A5)ollA] S
Ul Age HolAa e~ 1 Age AXE HAY GDV
e Rl

v.Z B

B A Edlayn] 7k o] mElQl BERTZF AFsAL
9] oJu] £ (Core, Less Core Periphery) @} =019} -4
d(animate/inanimate) o] 2F= 7 7FA HEHHQ1 o] HH
E U 28l o9 wrds=AE AT ol& sl
ET 9ot £ @9lo] dds 53k ﬁim 713
Generalized Discrimination Value(GDV)E &8sl 54
IL‘%:]Q/] ?_.11 7}‘;)\41]. ?—zx% E}H 0 u]_u_o],oﬂl;]_

A% Ayl BERTY $7(layer 6~9)°lA 7P =& &
T g} e 7FeAde] #EENeH, o= ERAxH
o] wojo] 54 Wikt 93] AR E dolA, A-sAL
ofu|A Ao} Frojofe] ofu A Ajhd e B W 7%
ARE v AAH SR J1FY I S AAFett) 53]
AFsARe] 2u| A $1AI(Sorace, 2000)9F Fol2] FA3Adol2k
= ou| A golo] =3} 39} 3 F7 T A BHE)t

Al Eefwtths A2, lo] Kdlo] ou] FAle] & A 7]
AL A Fat vhdshar Qle-s HolFe AR ZAR @

http://dx.doi.org/10.9728/dcs.2025.26.5.1339

£
o
%
30,
ot}

DV ?,‘:_L 40]]}\1“ x%u]—x%i /ﬂzsﬂ l?_‘:q_‘_ﬂ_ :c;q oloko
w5 A s A3EA A el e, o] = s AR
7 BAIA o2 FelEo] A= Freks b e Bl A
FA FRrollA AT Aol whet %L st ASS Al
ARgch ole|gh A= lo] Belle] Wi 33 727t Tt
o3 Aol vl o 55 o, ”XHH i
n ] AR A w2l Qo] ARE I v v
ks 7S dolrh,

B U] BAE FH0R @ 49 A7(22)s
P EH o2 FABAR, 24 tde] Zols} 14 el
71E A7k FEAL 2 AAAL

B Z BAo] 2HS =
G, 1 A 1) A Sivl 4 filsh 7ol 44
eh= wr} Fabel o) F4 WEo] vy madA ojd
A P8 e BAoR MHEAE ASER JDeh

BB, o= Wl o] BAH Al o], ojves
itsk -4 A5 o] PLMs vhvold ofl ek

1

ol
-+
X
=

H

21 2 |

=7]¢] BERT E49&
TR 2E A 7=
ek 2 A= BERT A9 =
v o R shal glom, i ¥k B GDV 54l sl
= AFE Adek old met 2 Ao AdE B
e dntslal= dlele gAzE O]D} G ATeM =
RoBERTa, DeBERTa, GPT-39} &2
gk o] el ohEh, °]Hﬂ‘:‘°ﬂ E3}El SimCSE,
LaBSE, E5 & contrastive 8l55 7|8k R @55 E3Hato] H]
o BAS Fgto ] wd kL ubAln 23 ojn] 73
o] BAE Bt AdeiA 7k 87t vk Bgk GDV
2loll %= & probing A= W3}, attention 75| EEL
A1Zbe} Fd 7 AR BA4(e): CCA, SVCCA) 5 tReksth
Hek ARE d8sto] 2 Uy 139 a4 7FsAd ) Al
EE ¥Y F US Aojth okge] AY B on] 9 FAL
A B4 Al s v AusH ”ﬂo}oq =1 7+

E3 B T Tt

X‘Ig Hr3) /\]qu }\]EE].
> Wb gte 24, ol

2 o
i

&W

_4

0 ol gy

mé‘o'n‘
S 2 o o

rn
re
2

o 4 1509 HHE BHIIE A F09 S
ol ik,

# AT A o] Tt Fol fAolehs A%
A9l Q1of8rAl Aido] 4174 71 oo} M| FH Tk
A ol $37 QYE T YEAE AFER 4FH0E
YAk 9915 Ik ol Aelo] Aelst dlofal, A
el s i 9o el s, glof 2 v

3 o] A st 17t Qo] Azlskel A TFsA S
BAT Sl 428 2 58 AN, FEAE A2
7] A1k, ERP 48 5)3}e] vt

QLN
oly
1
= %311 dojuae] QA4 W
o
=

S Ho} AAHo=R ﬂ



Hazd

[1] D. M. Perlmutter, “Impersonal Passives and the
Unaccusative Hypothesis,” in Proceedings of the Annual
Meeting of the Berkeley Linguistics Society, pp. 157-190,
September 1978. https://doi.org/10.3765/bls.v4i10.2198

[2] M. Vernice and A. Sorace, “Animacy Effects on the
Processing of Intransitive Verbs: An Eye-Tracking Study,”
Language, Cognition and Neuroscience, Vol. 33, No. 7, pp.
850-866, 2018. https://doi.org/10.1080/23273798.2017.142
1316

[3] M. Garcia Garcia, B. Primus, and N. P. Himmelmann,
“Shifting from Animacy to Agentivity,” Theoretical
Linguistics, Vol. 44, No. 1-2, pp. 25-39, 2018.
https://doi.org/10.1515/t1-2018-0002

[4] P. Ramezani, A. Schilling, and P. Krauss, “Analysis of
Argument Structure Constructions in the Large Language
Model BERT,” Frontiers in Artificial Intelligence, Vol. 8,
2025. https://doi.org/10.3389/frai.2025.1477246

[5] A. Conneau, G. Kruszewski, G. Lample, L, Barrault, and M.
Baroni, “What You can Cram into a Single Vector: Probing
Sentence Embeddings for Linguistic Properties,” arXiv
preprint arXiv:1805.01070, 2018. https://doi.org/10.48550/ar
Xiv.1805.01070

[6] M. Immertreu, A. Schilling, A. Maier, and P. Krauss,
“Probing for Consciousness in Machines,”
arXiv:2411.16262, 2024. https://doi.org/10.48550/arXiv.24
11.16262

[7] D. Hupkes, S. Veldhoen, and W. Zuidema, “Visualisation

and ‘Diagnostic Classifiers’ Reveal How Recurrent and

Recursive Neural Networks Process Hierarchical Structure,”

Journal of Artificial Intelligence Research, Vol. 61, pp.

907-926, 2018. https://doi.org/10.1613/jair.1.11196

H. Sajjad, N. Durrani, and F. Dalvi, “Neuron-Level

—
[e°]
—_

Interpretation of Deep NLP Models: A Survey,”
Transactions of the Association for Computational
Linguistics, ~ Vol. 10, pp.  1285-1303,  2022.
https://doi.org/10.1162/tacl_a_ 00519
I. Tenney, P. Xia, B. Chen, A. Wang, A. Poliak, R. T.
McCoy, ... and E. Pavlick, “What Do You Learn from
Context? Probing for Sentence Structure in Contextualized
Word  Representations,”  arXiv:1905.06316, 2019.
https://doi.org/10.48550/arXiv.1905.06316
[10] P. Krauss, J. Hosch, C. Metzner, A, Maier, P. Uhrig, and A.
Schilling, “Analyzing Narrative Processing in Large
Language Models (LLMs): Using GPT4 to Test Bert,”
arXiv:2405.02024, 2024. https://doi.org/10.48550/arXiv.24
05.02024

—
\O
—

AR ot A0 2E(BERT)2| A-SAtol| CH et LA 23 B

[11] A. Banerjee, A, Schilling, and P. Krauss, “Exploring
Narrative Clustering in Large Language Models: A
Layer-wise Analysis of BERT,” arXiv:2501.08053, 2025.
https://doi.org/10.48550/arXiv.2501.08053

[12] A. Sorace, “Gradients in Auxiliary Selection with
Intransitive Verbs,” Language, Vol.76, No. 4, pp. 859-890,
2000. https://doi.org/10.2307/417202

[13] A. Sorace, “Unaccusativity and Auxiliary Choice in
Non-native Grammars of Italian and French: Asymmetries

and Predictable Indeterminacy,” Journal of French
Language Studies, Vol. 3, No. 1, pp. 71-93, March 1993.
https://doi.org/10.1017/S0959269500000351

[14] A. Sorace, “Incomplete vs. Divergent Representations of
Unaccusativity in Non Native Grammars of Italian,”
Second Language Research, Vol. 9, No. 1, pp. 22-47,
1993.

[15] E. Feleki and H. Branigan, “Conceptual Accessibility and
Serial Order in Greek Speech Production,” in Proceeding
of the 2lst Conference  of  the
Cognitive-Science-Society, ~Vancouver: Canada, pp.
96-101, 1999. https://doi.org/10.4324/9781410603494

[16] P. De Swart, M. Lamers, and S. Lestrade, “Animacy,
Argument Structure, and Argument Encoding,” Lingua,
Vol. 118, No. 2, ppP- 131-140, 2008.
https://doi.org/10.1016/j.lingua.2007.02.009

[17] J. L. McDonald, K. Bock, and M. H.Kelly, “Word and
World Order: Semantic, Phonological, and Metrical

Annual

Determinants of Serial Position,” Cognitive Psychology,
Vol. 25, No. 2, pp. 188-230, 1993.
https://doi.org/10.1006/cogp.1993.1005

[18] F. Ferreira, “Choice of Passive Voice Is Affected by Verb
Type and Animacy,” Journal of Memory and Language,
Vol. 33, No. 6, pp. 715-736, 1994.

[19] J. Devlin, M. W. Chang, K. Lee, and K. Toutanova,
“BERT: Pre-Training of Deep Bidirectional Transformers
for Language Understanding” in Proceedings of the 2019
Conference of the North American Chapter of the
Association  for Computational — Linguistics: Human
Language Technologies, Volume 1 (long and short papers)
Minneapolis: MN, pp. 4171-4186, June 2019.

[20] Z. Chen and Q. Gao, “Probing Linguistic Information for
Logical Inference in Pre-Trained Language Models,” in
Proceedings of the 36th AAAI Conference on Artificial
Intelligence, Vol. 36, No. 10, pp. 10509-10517, June 2022.
https://doi.org/10.1609/aaai.v36i110.21294

[21] A. Katinskaia and R. Yangarber, “Probing the Category of
Verbal Aspect in Transformer Language Models,”
arXiv:2406.02335, 2024. https://doi.org/10.48550/arXiv.24

http://www.dcs.or.kr



06.02335

[22] H. Kissane, A. Schilling, and P. Krauss, “Probing Internal
Representations of Multi-Word Verbs in Large Language
Models,” arXiv:2502.04789, 2025. https://doi.org/10.4855
0/arXiv.2502.04789

[23] A. Vaswani, N. Shazeer, N. Parmar, J. Uszkoreit, L. Jones,
A. N. Gomez, ... and I. Polosukhin, “Attention Is All You
Need,” 31st Conference on Neural Information Processing
Systems, Long Beach: CA, Vol. 30, pp. 5998-6008, 2017.
https://doi.org/10.5040/9781350101272.00000005

[24] B. E. Boser, I. M. Guyon, and V. N. Vapnik, “A Training
Algorithm for Optimal Margin Classifiers,” in Proceedings
of the Fifth Annual Workshop on Computational Learning

Pittsburgh: PA, pp. 144-152, 1992.
https://doi.org/10.1145/130385.130401

[25] A. Schilling, A. Maier, R. Gerum, C. Metzner, and P.
Krauss, “Quantifying the Separability of Data Classes in
Neural Networks,” Neural Networks, Vol. 139, pp.
278-293, July 2021. https://doi.org/10.1016/j.neunet.2021.
03.035

Theory, July

http://dx.doi.org/10.9728/dcs.2025.26.5.1339

1348

=35t5|&=2%|(J. DCS) Vol. 26, No. 5, pp. 1339-1348, May. 2025

Z24 (Ja-Kyoung Kim)

2022 AE W et dojdE
a3t (44D
2005\ AR OSkE okl FolgE
EE NG
2022\ ~20251: S0 sta o} ota} uhA)
HPARCL: AT BE 0§, JolW A, Aol A, o]
Qe 5
Z42(Sung-Eun Kim)
20214 ARekE okl FolgE
EENER
2005\ 1 AR UiskaL djstel ol
sk3} (9D
20214 ~20251: S8t a o] ota} ukA)
005K~ @ Al PAre Folusta QJojeh o]z ms,
QTS ol Ak
wEA ROk AFAS BE WE, JoaF, TBZE AXY
o8, AddelAe 5
234 (Dong-Suk Oh)
At dete AHET
ah3t (A1)
SR LT LT E
3} (ahal)

2016 ~2018+3:
2018 ~2019%:
2019 ~2020%1:

2023 ~2023:

tol A ~E AAoj e A4

NHN Ent. ztde] A8 A4
Human-inspired Al Research ¢1&#]%&s <4
T4

KT Large Al Alignment Project ¥ A4

Kl

20033 ~@ A AR GolgE g} 2w

Aok S AEAY, FR-ARY A, A
CEEE RS



	사전 학습 언어모델(BERT)의 자동사에 대한 내적표현 탐색
	요약
	Abstract
	Ⅰ. 서론
	Ⅱ. 이론적 배경
	Ⅲ. 연구 방법
	Ⅳ. 실험 결과
	Ⅴ. 결론
	참고문헌


