o

aup

BB BE32MIE RS FEK M L (20264E3)])

RILFE—HINKRESHEETILICE T EOLEORNEBPRSR

TLHER B L e
! B HEFREAR . SFC BTN 2 B ESREAR Y. BRI IR0
{ebe, aaoyama}@sfc.keio.ac. jp

e

PR ANEETHARE ZB L 28ETEAIQ
JBTHD, M CTHOERBMEZERIZRRTHS 2
ERHISENTWS. YILFE—XILAKBEKRSEET
L (MLLM) ZRRE LZETlE, BfRcoh v >
FRENITHONLTWVWE DD, ¥ aRHDATERSR
FHCHH & s X R T WAL, AR TlE MLLM
EXIHRe LT, BREB zh e T L - 8EER
DIZLVHEHIET A Y > FiREZITDHE, 0-6 DNHERE
RERNT LU=, ZDFER, 1-6 T TONIBERRIZIEF
AR TALRDS, 01X B2 2 HM Y L TRRI N
X 512, MLLM OFEWERNEIZ ¥ R 5 BHRSEED
0 DERRPERITEL BB Zehbhoiz. ZHik
L 0D ENERINZBRELERTE 3.

1 IXLHIC

YorwiEig AERIZBWTHARR(1,23,...)
YIZRRZEETEAINLHOMETHD, HIC
RZ2MEEHZ LT 2FHRE IOV BRE
AT, TRHRORE) ZHEL LTRSS
RIVEEEZDE Y 55, BESZEREPFH W
D, A EFOFRE DAL IFEZETE S, ¥
O EBENBESR e U THEER T 2121, X 2R
LU EES R BRIEDRD BB [1].

MIERIETH, PRl XA ZR R 2 RE T F
DI AHMEINTWS. AMOETEREICIIBE
RS 2 HIRPR OGS TELE L [2), EREDUETE
T IGERN 2 S oS E 2 RS S T
W3 [3]. %7, BEREOEMETEME (VIP) T
B2 TEAE) 208 L, 5isEATRE (PFC) Tl
BELLTOO0ZLET 2 WS EEEIIRE X
NTWVW3 M. AT, ANL=a2—5l%y b7 —2%
(ANN) 1IZBWTH, BHRIZEDOFEE R LIZ 01
WMIZREDPEHBINCHE T2 Zep@mExhTw
% [5]. B, R EK L2 ANN TOEIC X DA
TEE (IPS) 1TRHE3 2 f T, #xt - HEXEE
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How many giraffes are in this image?

phase scramble

original irrelevant

AN

multimodal LLM
(text + image)

path shuffle

B1 AWEOBEN

BRPEREEIND Z e bMEXNTVS [6,7].

—7%, MLLM O E & I3 2 55T, B
HRHOBEZL S A > FEEMNEL HushT
=72 08,9]. 7=, BERONEHEICE LT MLLM
D3FED B D 2RI 22 P 3 o REIE & B X B ST [10],
BF =2 VHEDIABD I AR TEIZELD O
WHEI Y 5 222D T VW e e2#liEdT 2058
[11], BEE A OFiAR L - /S ARTREM 27~ 3
112,13, 14, 15] REPTONTE . LarL, 20
S50 2 E0HOTNEBLETHICEE D, MLLM
WCBWTO0BIUEICEDLZHAEREBIED LS
X, g UEEEHIC YD & 5 I s
% 2% BAMEICRRET LTz W,

ARWFFEIE, MLLM O HARBERD A > > b FEICE
W0 % 1-6 DHAKODRROBEGRY, 15 0D
BN D XS ICRREINLEZLEHLIICT S
PHIE T 2. ZOFE, 1-6 0 HARBORRIIFE
RIEZ R T 20D 0132708 AT LB
BRERT I, 51,0 REEFERT 2 EIERO M
BREHRITIE, B 0 BRROMEHEIIENENEL 25
WONTICR, 32bbH, - XuDEH®IEL 25
e DHEREI N, X 1 ICA OB 2R L.
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2 RERERTE

21 F—42tvyhk

FER 2 F W 2 {513 Microsoft COCO 7 — X & »
b [16] IZHEDWTER L 7. BE{RICE T 2 R H
TAYVDA VAR Y ZAED 1-6 TH 5 H{R% % 100
F, &5t 600 EIH L 7=, 4 ¥ 2 & > 2 ¥ 1E COCO
oYK AH T3V (] : person, giraffe ) Xt L THf
BXNFRERT. £/, RPN TETHY >
FOIREE IR B e BT BT, N T 4 T
Ry 7 AHEPEBEED 2% KD A ¥ ARV R
IR D SR U 72,

F72,0 REIEXVB5%M4E LT, () original D H
REBICH L THEBRIZEEN RS TV 25
ZrTO%XRIEZHL T 55M (original &1F0) , B &
O (i) BTG HRZ B8 U 22 0 TEf{giesf LT o ZIE
B 5 5% (patch shuffie Z5f4 ¥ phase scramble 5&
) ZHEL . BERANERADO 70 DI LHEBIE,
BIEBRITN LT 16x16 HZFE Sy FHALTIHAREZ 5
patch shuffle LH, 38 X Of 7 — V) TIRIE % £REF L7 HH
DA% 7 ¥ X L6F % phase scramble JLEE % 1T - 7.
S OB TICIE NumPy[17] ¥ Pillow[18] % F
Wiz (HROFNZONTIZR 1 28k A1 Z5R) .

22 EFI

FEEN R T 5 MLLM (%, Qwen2.5-VL-7B-
Instruct[19, 20, 21] % H W 7z, #£ 5 1% Hugging Face
Transformers[22] TITW, #EFHF D FEALE D IRRE & Y
% L 7-. 5HHICIE NVIDIA L4 GPU ZFIH L 7.

23 FAy7 B HEIN

R TIINHRR 2 ZESE L2 HIT, HhoD
HHEZERST 279,1 b—2 > DADH T %2R
flL7. kbbb, AV PRETEROEREH
W, 0-9 D 1 T osEEHTIEET !

Answer the question using ONLY the image.

Output EXACTLY one digit (0-9).

Rules: Output only a single digit. No words, no

punctuation, no explanation.

If the count is 10 or more, output 9.

Question: How many {instance} are in this image?
IN6D7TF A b &, &I DE%ZE MLLM IZ A
N7 728, Eid 7w > 7+ @ {instance} I people
X giraffes F DA A S.
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3 REBRKOHL

3.1 WROBNBLANRILDORS

TR MLLM DFENEI1Z 28 B TH 2 7=, NiEER SR
R U7 SR oORAE L, 0% + 25% -
50% * 75% * FRAKTERTE IS % {0,7,14,21,27} J&
U7 F TR EBOCALFE—XVAS
WBIBRREUD DT Z720, ZFETLUTD 3
HORREMRFE LT

 IBERAR  ANRYIFOEBG N —27 U ED
RIS,

SRER ANRINCBI 2HEEEM N —2
UMEBEORKE. kB, chEdREEH =272 T
3L, ZOERDRRTH 5.

PR 2AN =22 (BR+TF )
RKIHDIF.

4 9

41 HoYFREDEEE

COCO 7—&ty FOERDA v A& ¥ 2% IE
fg LT, MLLM Ot o—Buc kb v > b
BMOEEREPEB L £, Fry Y ALRNILEDL
Bz & D ARz FHE L 7z

4.2 RBALIESH

RBVEMME AT (representational similarity analysis,
RSA) [2311F, 72 2 AJNT0ts 2 NER R E /e
FEITWS 20 (BH2WIERL D) &2 FELEETS]
(representational dissimilarity matrix, RDM) T L, B
FRINC Tl X 2 S © o —BUE & MHBE (R £ T R
TH5FETH 5. ZOMNFIERE, fEERIEERZ T TR
74 <, LLM/MLLM D WHEBRRENTIZ S A ohTn
% [24, 25].

1-6 OHEREDFEME 1-6 OEEREDFAMIC
1%, 1-6 DAZ IR E L, RDM & BEHE 7V

L]

RDMP (G, j) = li = j| (i je{l,..., 6})

¥ @ Spearman ENAHET py_¢ 25 H U TR L 7=.

0 DERBETILLEE ¥ o oRKEOMAM %I
T2729,0 & 0-6 DAFRRAEBICOWVT, X
D2ETNRLHERL 7.

cPuBBEMET N 0 dEM LICHBEXNS
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HEmE TV
RDMora (i, ) = [i = j

s B PINTEFI ¢ JE O A HIXEERR 7248, 01%
JE0 MY L THREINZHEHET L

0 i=7j
RDM;nq(i, j) = li—j| i#0Aj#0
c (i=0Vvj=0Ai#]j

43 BB 3 0 RKOIRMEDSHR

0 D% %#FEF T 5 5= (original / patch shuffle /
phase scramble Z:f£ D 0) T, 0 R{VFENEDIHES T
AT original Z&fF D 0 BRI O e ERILT %
728, original &F D 0 REDELE T V1 —2 LT
patch shuffle ¥ phase scramble D FER D &L & D FhHEH
ZR, AN (\RR/EEREFEY) Zich
L > R 2R, BIERE [26,27] 21T > 7.

5 BR

51 HoY FREDIEESE

RIWCHY Y FVHREOFEERZ T, 1-6 3B
RELBZIFYEBERPMME R T 2L RSN
BTN F v VAL L THEBICES

L7z 0 RIFCREMHETIEERERICENDH 2D DO,
0 HOA—ERER LN TWS Z L AR S Nz
®1 AUV IFFEOEE
I RS EBER EK®M§ p fE
original 0 0.78 0.87 p <.001
original 1 0.87 0.39 p <.001
original 2 0.78 048 p <.001
original 3 0.37 0.86 p <.001
original 4 0.39 1.17 p < .001
original 5 0.34 144 p <.001
original 6 0.18 1.59 p<.05
patch shuffle 0 0.51 436 p <.001
phase scramble 0 0.98 0.55 p<.001

5.2 1-6 DHEHEL 0 DECE

RSA fEMTIZ & D,

T b AR HE
p <.001) . —7,

1-6 O A DO IERRIEIE %
L7z 22, HERRRETIELE THVEE RN
MBESN (p = .83-97,all p < .001)

WHBE 2§ &7z (p = .78-.93, all
BHARFTIIEKEIKEZL,
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e

0L 7TRTIEXEETHRV—F (p=.40,p=.141;
p=.13,p=.647) .- ZEETHEREL R/ (14
JB:p=.55p<.05218:p=..81p<.001) .7=77
L, 2RI 0ZEERV1-6 DERDOETH B Z
LICHEEINWV. K2 ICEERRROBKE (21
JE) 1I2BIF % RDM Z/RT.

0.08 0.09 0.09 0.09
e L
o[ o oo
o [ [ e[
-
| OEEa
| DOEE
' T 0.00

1 2 3 4 5 6

0

g 0.00

2
|

o
°
&

- 0.08

Ground Truth Number
3
g
Cosine Distance

4

o
°
=

-Jot

=3

w- 0.

=3
o
<]

2

©o- 0.

=3

Ground Truth Number
B2 SFERERD21JEICBT 5 RDM
F7o, BRERERD 21 BB 2 NHR S & £l
DA K> T2 KITCEML Talffb L7 (20

i FEAE & REEA D ML, (8% A2 %
2 .

count

B 4
~
o

40

RITL

R T

&
:*‘ %]
)

0.112)
)

PC2 (EVR

40

—60 —40 —-20 0 20 40 60 80
PC1 (EVR=0.489)

SIERERD 21 BITB T 5 ERD T

0 23T 0-6 DRROEEICOWT, ¥ o EMRE
TNEXRHETVOERT —ZADYTIEED
R LU SIRRREB L0 PR TIIEn
KEMETADEVETEE D ZRTHEAED 2
bOD, FEARERS WL ol RHERKR !
Steiger p = .14-.21; & F¥JERR | Steiger p = .12-.83) .
HHEAYIC, SRERKRRTIIREE 21 E) 1B\ T
YRrMYEFT AP R HERET A EZHEC LA
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D,0233E 0 2 SN L7-FLESA RSNz (21 )8 ¢
Pind = .92 VS. pora = .71, Z=-279,p< .01) . 22T
EHERZDIX, 0 DMV AR TORRTHICHEI N
ZHITTRENVETH . SEREROKEE (21
JE) TIEEaMIEFANERICYTIEED, 0N
MEEAR L) Tlde < Mz LERIA 73V |
ERBHERE IR 5T

53 RE3 0 RKOIGRE

original 55 0 RRDE L RUEL UFERE 4, &
HHL, B A TS5 (patch shuffle / phase scramble
DOERR) TR AOIR b L > R % FH
L7z ZORR, WIFNOKFETHHE TIZA LR
D, B 72513 Y original S:FD 0 KR L DED
FEEEDS A BICHA 3 2 A2 R 57 (patch shuffle
et 0 T = —1.19 x 1073, median slope = —1.35 x 1073,
p < .001; phase scramble 554 1 T = —2.29x 1073, median
slope = —2.33x 1073, p < .001) .

0.08

(1 - CosSim)

N
.
=

21 27
Layer Index

B4 FEERZROD original Foff 0 ZHUE L U 7= EOEERE

6 EE

AHFZE D FEERFRTE Tl MLLM O HARE({G D 5 v
Y NRED 1-6 D HAB D ERGIZ, BUERNHE %
FER L Tz, BT T, BB DN R R ERR
IR [13] M7 Z & OFEERMEIE [15] TH % 2 & 23R
HINTED, MLLM OABREIZ B W TIIBIERRT
Mg & o7z, ZAU, AT EBR ClE R 7 F
AMDBDETANEL, ANEXV T 412K DN
HMERDBEVERMLTWE EEZ NS, £/, K
WEBRDBERIIBWT, 0 DRRIZZDHAKD
BEHR»SIZERLTVWEH00, L LR
BBZebhol. ZhE1-6 L DEELY LTO
HETHE b, EPEBESERT M LD
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73V OWHE & 2 RIFCHZ THAERROBETH
ZYMBIRTE 2. X5I12,0 2T 2 BIGFHOES
T, 0 DRED R 2 &M TRAE IO, 374
Ob, B PuDEKRIEL 25 Z e BiEID LN
7z BAREGHICEZ B R BRI R 0
0 R Y, HBIZIERS 2V 0 RETIE, FL 0TH
Z2H5DDHEMICIIERZBDTHEEEZLNS.
ZNSD 0 DREPENEOIIEL 25 Z ikl
BliE X4, Bl7z 0 DBBKEFFO X 518k 5 Z I, &
POoERDOMENRRINZ B R TE 3.
IS DFERIZ ANN THOBENENHL 5
WETRRINLH][6] L bEGLTBD, HAK
CODWMREIRRINDIZA IV IDRRLDZ D
D, BPHELS B DZIZLICRRIND VWS EKRTIE
PEEERZ S 2 5. 2, 2D &S REENE
Uk, BRET VIP R A 2 UL L PFC 23K
BrLTOO0ZMET 2 WS FEEN (4] &, LR
JEIZHES RROTBRL L WS BATHRIELTED, O
PHORROMFE T 2MHEEZRKRTH52HDTH 5.

7 HARDORFLSEORE

B, AR HE —E 5L (Qwen2.5-VL-7B-
Instruct) DAZNRE LTW5B 728, —fD MLLM
WEBANC AL D SLORER TR WATRESED D 5. 5
BIE, e TR LB L, REME D OREE — b
TEDEMETT 2REND .

B2, 0 ZEAFE T SR & LT patch shuffle %°
phase scramble X T EHRZ K E S BHET 5729, (0
(A WO BMERREIZ T TR, THEMNIIC
HWTREE ) (RS 2 HIEONEA T 2 RREEEDL D 5.
SiE, To (BEE) ) M EES 2 HTEET
FIZED, 0 RRDOBNE BET 20EDD 5.

8

AWFFEIE, MLLM O HARERD A w7 > hEfEICE
WT,0 % 1-6 DHAKODRROBEGRE, 25 0D
BEBEYD LI ICRFEIN D% EBRINTHE L
7z. ZDFER, () 1-6 ® HAKBDORRIIBUE LRI
EEER L, HICSHEROERICBVWTIZ, 0 DER
FEHABOBERD 5 I3EF L TWE D DD, AT
LERReRZZehbholz. 51, (i) 025
5 2GR O BRI T, B 2 RS T
b 0 DRRDVEIEHICIOR, 205, oo
BRI 725 Z e DED D STz, THISED S
LoD ERERRINZBELERTE 3.

This work is published without peer review and
is licensed by the author(s) under CC BY 4.0
(https://creativecommons.org/licenses/by/4.0/).



BE Xk

(1]

(2]

(3]

(4]

(3]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

Andreas Nieder. Representing something out of nothing:
The dawning of zero. Trends in Cognitive Sciences,
Vol. 20, No. 11, pp. 830-842, 2016.

Ben M Harvey, Barrie P Klein, Natalia Petridou, and
Serge O Dumoulin. Topographic representation of nu-
merosity in the human parietal cortex. Science, Vol. 341,
No. 6150, pp. 1123-1126, 2013.

Sumito Okuyama, Toshinobu Kuki, and Hajime Mushiake.
Representation of the numerosity ‘zero’ in the parietal
cortex of the monkey. Scientific Reports, Vol. 5, No. 1,
p- 10059, 2015.

Araceli Ramirez-Cardenas, Maria Moskaleva, and An-
dreas Nieder. Neuronal representation of numerosity zero
in the primate parieto-frontal number network. Current
Biology, Vol. 26, No. 10, pp. 1285-1294, 2016.

Khaled Nasr and Andreas Nieder. Spontaneous representa-
tion of numerosity zero in a deep neural network for visual
object recognition. Iscience, Vol. 24, No. 11, 2021.
Percy K Mistry, Anthony Strock, Ruizhe Liu, Griffin
Young, and Vinod Menon. Learning-induced reorgani-
zation of number neurons and emergence of numerical
representations in a biologically inspired neural network.
Nature Communications, Vol. 14, No. 1, p. 3843, 2023.
Bhavesh K Verma and Rakesh Sengupta. Emergence of
behavioral phenomena and adaptation effects in human
numerosity decoder using recurrent neural networks. Sci-
entific Reports, Vol. 13, No. 1, p. 19571, 2023.

Manoj Acharya, Kushal Kafle, and Christopher Kanan.
Tallyga: Answering complex counting questions. In Pro-
ceedings of the AAAI conference on artificial intel-
ligence, Vol. 33, pp. 8076-8084, 2019.

Muhammad Fetrat Qharabagh, Mohammadreza Ghofrani,
and Kimon Fountoulakis. Lvlm-count: Enhancing the
counting ability of large vision-language models. arXiv
preprint arXiv:2412.00686, 2024.

Ivana Kajic and Aida Nematzadeh. Probing represen-
tations of numbers in vision and language models. In
SVRHM 2022 Workshop@ NeurlPS, 2022.

Hosein Hasani, Amirmohammad Izadi, Fatemeh Askari,
Mobin Bagherian, Sadegh Mohammadian, Mohammad
Izadi, and Mahdieh Soleymani Baghshah. Understand-
ing counting mechanisms in large language and vision-
language models. arXiv preprint arXiv:2511.17699,
2025.

Benjamin Heinzerling and Kentaro Inui. Monotonic repre-
sentation of numeric properties in language models. arXiv
preprint arXiv:2403.10381, 2024.

Ulme Wennberg and Gustav Eje Henter. Exploring internal
numeracy in language models: A case study on albert.
arXiv preprint arXiv:2404.16574, 2024.

Fangwei Zhu, Damai Dai, and Zhifang Sui. Language
models encode the value of numbers linearly. In Pro-
ceedings of the 31st International Conference on
Computational Linguistics, pp. 693-709, 2025.

Amit Arnold Levy and Mor Geva. Language models en-
code numbers using digit representations in base 10. In

[16]

(17]

(18]

(19]
[20]

(21]

(22]

(23]

(24]

(25]

[26]

(27]

— 1582 —

Proceedings of the 2025 Conference of the Na-
tions of the Americas Chapter of the Association
for Computational Linguistics: Human Language
Technologies (Volume 2: Short Papers), pp. 385
395, 2025.

Tsung-Yi Lin, Michael Maire, Serge Belongie, James
Hays, Pietro Perona, Deva Ramanan, Piotr Dolldr, and
C Lawrence Zitnick. Microsoft coco: Common objects in
context. In European conference on computer vision,
pp. 740-755. Springer, 2014.

Charles R. Harris, K. Jarrod Millman, St’efan J. van der
Walt, Ralf Gommers, Pauli Virtanen, David Cour-
napeau, Eric Wieser, Julian Taylor, Sebastian Berg,
Nathaniel J. Smith, Robert Kern, Matti Picus, Stephan
Hoyer, Marten H. van Kerkwijk, Matthew Brett, Allan
Haldane, Jaime Fern’andez del R’10, Mark Wiebe, Pearu
Peterson, Pierre G’erard-Marchant, Kevin Sheppard, and
... Array programming with NumPy. Nature, Vol. 585,
No. 7825, pp. 357-362, September 2020.

Alex Clark. Pillow (pil fork) documentation, 2015.

Qwen Team. Qwen2.5-vl, January 2025.

Peng Wang, Shuai Bai, Sinan Tan, Shijie Wang, Zhihao
Fan, Jinze Bai, Keqin Chen, Xuejing Liu, Jialin Wang,
Wenbin Ge, Yang Fan, Kai Dang, Mengfei Du, Xuancheng
Ren, Rui Men, Dayiheng Liu, Chang Zhou, Jingren Zhou,
and Junyang Lin. Qwen2-vl: Enhancing vision-language
model’s perception of the world at any resolution. arXiv
preprint arXiv:2409.12191, 2024.

Jinze Bai, Shuai Bai, Shusheng Yang, Shijie Wang, Sinan
Tan, Peng Wang, Junyang Lin, Chang Zhou, and Jingren
Zhou. Qwen-vl: A versatile vision-language model for un-
derstanding, localization, text reading, and beyond. arXiv
preprint arXiv:2308.12966, 2023.

Thomas Wolf, Lysandre Debut, Victor Sanh, Julien Chau-
mond, Clement Delangue, Anthony Moi, Pierric Cistac,
Tim Rault, Rémi Louf, Morgan Funtowicz, et al. Hug-
gingface’s transformers: State-of-the-art natural language
processing. arXiv preprint arXiv:1910.03771, 2019.
Nikolaus Kriegeskorte, Marieke Mur, and Peter A Bandet-
tini. Representational similarity analysis-connecting the
branches of systems neuroscience. Frontiers in systems
neuroscience, Vol. 2, p. 249, 2008.

Max Klabunde, Mehdi Ben Amor, Michael Granitzer,
and Florian Lemmerich. Towards measuring representa-
tional similarity of large language models. arXiv preprint
arXiv:2312.02730, 2023.

Ningyu Xu, Qi Zhang, Chao Du, Qiang Luo, Xipeng Qiu,
Xuanjing Huang, and Menghan Zhang. Revealing emer-
gent human-like conceptual representations from language
prediction. Proceedings of the National Academy of
Sciences, Vol. 122, No. 44, p. 2512514122, 2025.
Andrew P Holmes, RC Blair, JDG Watson, and I Ford.
Nonparametric analysis of statistic images from functional
mapping experiments. Journal of Cerebral Blood Flow
& Metabolism, Vol. 16, No. 1, pp. 7-22, 1996.

Thomas E Nichols and Andrew P Holmes. Nonparametric
permutation tests for functional neuroimaging: a primer
with examples. Human brain mapping, Vol. 15, No. 1,
pp. 1-25, 2002.

This work is published without peer review and
is licensed by the author(s) under CC BY 4.0
(https://creativecommons.org/licenses/by/4.0/).



A {33
A.1 COCO02017 hSHELI-EIRADCMIDY VT

A.2

giraffe

original
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