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o : Task 1: Context-probes Task 2: Lexical aspect binary classification
(] Duration Telicity
o The lawyer questioned the judge ->animacy 0/1 Run fast away -> Durativel = Build a house -> Telic 1
BERT & Llama

Hit the ball -> Instantaneous 0  Swim in lake -> Atelic 0

Hidden States Task 3: CONcreTEXT Task 4: Sensorimotor norms Task 5: Word-in-context
Idempotence have traits -> 1 (abstract) The chef chopped the pork vigorously The bank of river
L -> synonymous 0/1
Word Car is running fast -> 7 (concrete) vision: 6; hearing: 5; ... (11 sensor values) Have bank account
Representation
: Probed word

{£551: context-probes dataset by Klafka and Ettinger (2020) -- —433&
BiE: XXEFHEMIAMBEWEBEEREA
E T RIE/FNIRNEXEY: ZIENEGE, HENHESERIT, BERTEFHEN
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BERT & Llama

Hidden States

Word
Representation

Task 1: Context-probes Task 2: Lexical aspect binary classification
Duration Telicity
The lawyer questioned the judge ->animacy 0/1 Run fast away -> Durativel = Build a house -> Telic 1

Hit the ball -> Instantaneous 0  Swim in lake -> Atelic 0

Task 3: CONcreTEXT Task 4: Sensorimotor norms Task 5: Word-in-context
Idempotence have traits -> 1 (abstract) The chef chopped the pork vigorously The bank of river
L -> synonymous 0/1
Car is running fast -> 7 (concrete) vision: 6; hearing: 5; ... (11 sensor values) Have bank account
: Probed word

52 FHiFIREIBZ (Metheniti et al., 2022) - =43
BNIEARHFECIE/BREE (duration) ; ZRZRIE/ARKRLE (telicity)
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o : Task 1: Context-probes Task 2: Lexical aspect binary classification
(] Duration Telicity
o The lawyer questioned the judge ->animacy 0/1 Run fast away -> Durative 1 Build a house -> Telic 1
BERT & Llama

Hit the ball -> Instantaneous 0  Swim in lake -> Atelic 0

Hidden States Task 3: CONcreTEXT Task 4: Sensorimotor norms Task 5: Word-in-context
Idempotence have traits -> 1 (abstract) The chef chopped the pork vigorously The bank of river
L -> synonymous 0/1
Word Car is running fast -> 7 (concrete) vision: 6; hearing: 5; ... (11 sensor values) Have bank account
Representation
: Probed word

£553: RIFARIRAFIZE (Gregori et al., 2020) & ZhialpYRAE 2] - [E1J3 88
£555: 2% AR iF(Pilehvar and Camacho-Collados, 2019) -- — 432 o]/

Tsinghua - Computational Linguistics Paper Sharing



5Ges) + 2,58
0 © © 0O w3 € €

I 5w FE AR

* Llama 2 5l#E QO 9 O QR Q o Q0 0 O

. Sheared_Llama r:‘,\ : f:} f:ﬂ? r(\‘ qf:} (:l} ;:ﬂ 5 {:) ‘.F“;\; {:; C; :}

* Llama2

 BERT %7l
* Bert, Roberta
« Post-training sk#&(BehnamGhader et al., 2024)

* Bi+MNTP: X [a)i£ Z 1 +Fiil T~ —~ia
* Bi+MNTP+Contrastive Learning -> For sequential tasks

« Supervised
» Unsupervised (SImCSE)

\
1:% ﬂ- % *1 Enabling Bidirectional Attention Masked Next Token Prediction Unsupervised Contrastive Learning
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a) Subject animacy b) Verb causative c) Verb dynamic d) Object animacy
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1 2 3 4 5 1 2 3 (verb) 4 5 1 2 3 (verb) 4 5 1 2 3 4 5
(subject) (object)
BERT-base - BERT-large « Sheared-Llama-1.3B
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Average Cosine Similarity
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(a) Randomly sampled words
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* 5140 bank BERTAFE— &R, XATLUFEAE
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A (B ERINEHZEEFNmLNETE) (Frazier and Rayner, 1990;
Rodd, 2018; Huang and Lee, 2018)

Tsinghua - Computational Linguistics Paper Sharing



===
H =5

« j8] [ E X T8 £ X R L E B
- BXiE M EETE LSA F1 Word2Vec -) iz EERIE LT
- FTF3idEE: ELMoFIBERT
¢ KIEE A
B EFO R E b ATV kA Uik Z N
- GlansE sz pufly T AMERRIE "Te” Wl l{EAshiE T
- MAESFA AT BN R NINMEKFELS T TEIE(Federmeier et
al., 2000; Gennairi et al., 2007)

« AR SRXTEE BB M 22 [E) W i) ZELLM A B SRAE AR iz R 18] X

L -

Tsinghua - Computational Linguistics Paper Sharing



| sk

s BT — 12 #H P EHES
-ﬁ“%WW%ZMHEﬁXﬂTWHEiE‘
s BRTRmEEZEER (FlaniEs)

ERIRAEAIT 4

@
Ml

Tsinghua - Computational Linguistics



| SRtz

« L HTRS
* British eDom Norms
« 100 MAFRNMEANX B EF 7 X 1§
- FHA GPT 4ok =EAF, BMEAXFI101MAF
.« HISCH:
» BEMNERINGEE ARk H 1007 B 57 X iE
- ZEFAChatGLM4k =4 a1F, SMEAXEFE101MEF

s EXZREITEEZ, —FaFNWiEEMER, —FHAE

Tsinghua - Computational Linguistics Paper Sharing



Tsinghua - Computational Linguistics

prompt

Human expert

F—BEE ¥R, FEEREZES R SRR,
TREVESS R R R B B R RG] -
A BRI IAL?

GLMchat

219, “ EAER— R
CHRARE, —MRA, SR,
—ARIERA, R EE

Human expert

WA LT
S TR B, TSI 0,
HSh+MITRE B, FH— TR

GLMchat

AR R AR« EAEX MR R R s, 85 EaiR #1067
1 ABRI_EAEAA, BAERGEHTH) TR -

2. M EAESE, SERVFF46E FRER AT E I R -

BT AR RIS S8 R SRR IAE -

BRI, AT LAERCN TRRTTHIM BT -

M EAERE R, AEERTH T —TEEAOHE
OXNEFERRE LER, ZETHESRRE-

. EEN—AE, MELRIE T HERWETEE

e EHEE, #ESHT AR]BIBORAIHT -

9. fMI_EAERIRE AE — PR FHIRT

10. BAELLR, t—BEEATHETROEERE .

PAF 2 A« EAR X MR R R &1, AT — R E 3E 10 M) T
1. HANFTEST LESE THER, BEAWLTELH.

- PAETTRAERIE], Sl AR R ERR ] TR A RIEGE -
IR, MR EAETTRE) RIFESE

. PEEHEPER, SATFR T AP -

A TR EAEE MRV IR R, AR A ARSI -
- EAERRARAEAERT, T — RIS FEH BUE -

- AT EARAH S A B TR FEH et

X EEARMRE_ EAEBUGFE T A -

AR BRSSO TR, 8T T mERPEG .

0. LIESSAREEN, BT T —EZRENEEER .

I = L N S S

oo

o]

— O 00 1 O B W

Paper Sharing



|t 4T REX

s KB ABRRE MR H211M B
« BERT GPT-2 Llama3 Qwen
- IEFEHRE
- FiR
- EFIGERMKIESHEENRE
« AJLFKERAS R ARG FEEY K /)
« Qwent Xt IiE M BEB TF
- ITREUA
c REMANZE: RBIRESEE—ERFRIE

Tsinghua - Computational Linguistics Paper Sharing



| EiRk

BB TR TEIENL 26 L T P SRR ER
BEME, RSN E T AR E R TR

L
- BRZEMEBRAZARMUE, BARZBMUESEANZEENIELE

180 —— Angular Difference (degrees)
T
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GPT2 Llama3 Qwenz2.5

251 251 25
20 A 20 A 20 1
L o 4 4 4
w o 15 15 15
= ¢ )
g ‘
w Q 104 . 10 A 10 +
il | /\ | 5
01 0 0
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
Layer (Relative Depth) Layer (Relative Depth) Layer (Relative Depth) Layer (Relative Depth)
—— bert-base-uncased —— bert-base-multilingual-uncased = —— xIm-roberta-base —— deberta-v3-large — gpt2-medium —— Llama-3.2-1B —— Llama-3.1-8B Qwen2.5-3B
=~ bert-large-uncased roberta-base xlm-roberta-large = = mdeberta-v3-base gpt2-large —— Llama-3.2-3B = Qwen2.5-1.5B = Qwen2.5-7B
bert-base-chinese roberta-large - deberta-v3-base gpt2 gpt2-xI

o XFFFEICKE, BERT{AIAA LBV RIFHIE S
« deberta-v3-largeBl18 T &{EE 4, 7925.32
« BERT (Wl ELlama3; Qwen2.5) IHBREREiXFHRIFHME, WGPT2NEFELEXRE

Tsinghua - Computational Linguistics Paper Sharing



T

BERT GPT2 Llama3 Qwen2.5
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0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
Layer (Relative Depth) Layer (Relative Depth) Layer (Relative Depth) Layer (Relative Depth)
—— bert-base-uncased —— bert-base-multilingual-uncased —— xIm-roberta-base —— deberta-v3-large — gpt2-medium  —— Llama-3.2-1B — Llama-3.1-8B Qwen2.5-3B
= bert-large-uncased roberta-base xim-roberta-large =— mdeberta-v3-base gpt2-large = Llama-3.2-3B - (Qwen2.5-1.5B - Qwen2.5-7B
bert-base-chinese roberta-large —— deberta-v3-base gpt2 - gpt2-x|

« XFH3kiR, BERT{IHRTAEUSRIFRIES, BELFREEE
« mdeberta-v3-base and bert-base- Chinese#BH Lt & IFHIEF 5
- BEEHBIGESRER, BERTH SERPESHINEHE
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English Chinese

Model Family Model Parameters Layer Layer Depth (%) Layer Depth D-score | Layer Layer Depth (%) Layer Depth D-score
bert-base-uncased 110M 7.00  58.30 middle 18.50 — — — —
bert-large-uncased 340M 15.00 62.50 middle 20.81 — — — —
bert-base-chinese 102M - — — — 12.00 100.00 higher 9.63
bert-base-multilingual-uncased 167M 12.00 100.00 higher 14.65 12.00 100.00 higher 4.96

BERT roberta-base 125M 11.00  91.70 h? gher 11.36 9.00 75.00 higher 1.04
roberta-large 355M 21.00 87.50 higher 13.04 15.00 62.50 middle 1.03
xIm-roberta-base 278M 10.00  83.30 higher 7.82 11.00 91.70 higher 4.04
xIm-roberta-large 560M 23.00 95.80 higher 9.57 23.00 95.80 higher 515
deberta-v3-base 183M 5.00 41.70 middle 24.44 8.00 66.70 middle 6.50
deberta-v3-large 434M 12.00  50.00 middle 25.32 15.00 62.50 middle 6.79
mdeberta-v3-base 278M 6.00  50.00 middle 18.04 11.00 91.70 higher 10.56
apt2 124M 9.00  75.00 higher 9.57 6.00 50.00 middle 1.93

GPT2 gpt2-medium 355M 17.00  70.80 higher 8.44 16.00 66.70 middle 1:35
gpt2-large 774M 36.00 100.00 higher 15.72 26.00 72.20 higher 249
gpt2-x1 1.5B 48.00  100.00 higher 15.83 29.00 60.40 middle 2.53
Llama-3.2-1B 1B 4.00  25.00 lower 14.77 16.00 100.00 higher 5.61

Llama3 Llama-3.2-3B 3B 6.00 2140 lower 16.86 23.00 82.10 higher 6.66
Llama-3.1-8B 8B 6.00  18.80 lower 16.87 24.00 75.00 higher 6.65
Qwen2.5-1.5B 1.5B 8.00  28.60 lower 15.11 9.00 32.10 lower 6.43

Qwen2.5 Qwen2.5-3B 3B 14.00 38.90 middle 14.89 14.00 38.90 middle 6.99
Qwen2.5-7B 7B 8.00  28.60 lower 13.99 10.00 35.70 middle 6.89

REIHE 7EBERT GPT FRREAE, {ER#Llamadh il THRIIEHR; FHHREFPLMELFTFLLM
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