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FIGURE 8 | Exploratory analysis of the whole brain. Comparison of the
“w/prior” and “w/o prior” posterior sentences. In both cases, the correlations
between the preplay-like activity (in Day 2 pre rsftMRI) for the posterior
sentences and the understanding rating for the posterior sentences were
calculated for each voxel. Then, these correlations were compared. The
significant voxels (p < 0.05) are shown under the FWE- and
Bonferroni-corrections for the number of voxels and the three conditions
(rw,"pnor >0, T'wjo prior > 0, Fwjprior > Twjo pnor)s respectively.
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Kenett, Y. N., Anaki, D., & Faust, M. (2014). Investigating the structure of semantic networks in low
and high creative persons. Frontiers in human neuroscience, 8, 407.
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Kurashige, H., Yamashita, Y., Hanakawa, T., & Honda, M. (2018). A knowledge-based arrangement of prototypical neural representation
prior to experience contributes to selectivity in upcoming knowledge acquisition. Frontiers in human neuroscience, 12, 111.
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Gilboa, A., & Marlatte, H. (2017). Neurobiology of schemas and schema-mediated memory.
Trends in cognitive sciences, 21(8), 618-631.
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Sumner, R. L., Spriggs, M. J., Muthukumaraswamy, S. D., & Kirk, I. J. (2020). The role of Hebbian learning in human perception: a methodological
and theoretical review of the human Visual Long-Term Potentiation paradigm. Neuroscience & Biobehavioral Reviews, 115, 220-237.
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BOMFMICE I ATV bD<

Which is the odd one out?

ra ‘77:
@- 1

broad sampling large
of images
(1,854 objects)

=
,._._.-]

2.Compute proximity
—»  foreach pair
{dot product)

B mw
sl |/

, : Soiosd
e O iﬂ/’ z
x
?— 5. Update model weights using error hac ion

Representational

embedding Predicted choice behavior

%/
P

3
) Predicted object simiarity]
& 2
< o}
\ 3
8
vy
<
object 1,854 objects
dimensions

3. Compute choice
—»  probability for largest
dot product (softmax)

w l:o >/ 7\\

E/ P MOEKRRBEFAZARTZTFD | DEER~R—2X

Hebart, M.N., Zheng, C.Y.. Pereira, F. et al. Revealing the multidimensional mental representations
of natural objects underlying human similarity judgements. Nat Hum Behav 4. 1173-1185 (2020).

E/PAMOERIBIEMAFZNRAZE D | MEHR—X
BREZBHOBUMICESKA TPz by S

P pattemn p
stimuli matrix scaling

i$ similarit;
{1 comslation)

taces bodlos objocts places

Charest, |.. Kievit, R. A.. Schmitz, T. W.. Deca, D., & Kriegeskorte, N. (2014). Unique semantic space in the brain of
each beholder predicts perceived similarity. Proceedings of the National Academy of Sciences, 111(40), 14565-14570.

Movies were shown

10 5ubjects

Response to aach
category was found
using reguiarized
Inear regressian

Natural movies

Movies were labeled

,@‘&\ | A1 ‘ [ 04 07
@ | | 21 32
«o:,\ | | il i x 01 -27
FAULLLL L () e
el 11 Ll 10 -18
‘8&@ 120 mnutes
Category labels
weights

Category model

BOLD responses wers
recorded from the whole
brain using MR

= AN A W

4" pc

KR WA
v el {Blue changel)

20 rictess 1

BOLD responses

3 pg +4% at

(Graen channel)

badypart«

RGB colormap
for the group
semantic
space

+ 2% pc
ed chernel)

T/ XA OBREBRMAMFNRBE T | WEBHR—R

MBS EOT AT A VITETNCEDKA TPz by S

L9
o L]
;
o 3°
-

L4
0] communicate 829
et ¢

X
mave

{iramkire] CoNBL

biriire

85 stmospharic
B Phenomencn

e o

g

ool tormarin

¥
vehiclé strugture Beithng
o R

B o’i/

Rbuikding

Ooast

/
grossiand  matorial  hamboo

vahiclo

Huth, A. G., Nishimoto. S.. Vu, A. T., & Gallant. J. L. (2012). A continuous semantic space describes the representation
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E/RAMOERBEAZNRBEED | DEER~R—-X E/ P MOEKRRBEFAZARTZTFD | DEER~R—2X

BRERRBICEDCHEFROBKRS Y F7—7 BLMFMICEIKA TV bDey VS

b
Which is the odd one out? Representational g
Predicted choice behavio =
- - 5 - - -
N e | 5 3 L
! /
o B 1

v

Predicted object simiarit

1,854 objects

Hebart, M.N.. Zheng, C.Y.. Pere|
of natural objects underlying h

E/RPAMDODERIZEMAFEHIRIT

al mental representations
bav 4. 1173-1185 (2020).

NS DHEEIFER DECED
‘MEERZSICIETIL

HRRIBOBBIMEICE D (F

A experimental repr

stimuli

r 7 b~y T

gyl pagdr

oasure

@ gorganiem

dant
.
nln_l;fm
- & g
ool tarmatin
08 -37

+ &
) th p,
o el IR B 4" PC 4 RGB colormap Jouce

(Blue chanpell for the group
semantic

contoiner

Sy,

120 st

{FTANTAE TS0
BRLLLI .
Category labels Category model BOLD responses
weights

pr— e =
3

space
strugture Bething
2

R=tuilding

(Graen channel)

faces bodies objects places
Charest, |.. Kievit, R. A.. Schmitz, T. W.. Deca, D., & Kriegeskorte, N. (2014). Unique semantic space in the brain of
each beholder predicts perceived similarity. Proceedings of the National Academy of Sciences, 111(40), 14565-14570. of thousands of object and action categories across the human brain. Neuron, 76(6), 1210-1224.

Huth, A. G., Nishimoto. S.. Vu, A. T., & Gallant. J. L. (2012). A continuous semantic space describes the representation




‘SRR DKRIEEE” & “REIRDKEIEE

(R)KHRBEEFZET V& ADF;

@ A~ Dfine-tuning

@ pre-trained LLM

RXDOBEEEDDIER " Z2ESRET 2D 7?

-1z

S D FRIUE [ SLR

@ LLM%® > DE{RANE D Hh

}

@ BRI DIEDHIAH

'

@ BIRFEIEED Z ER{EM D FRE

}

® BEFRMEDL SREB T2 £

® ZEZEEZDFE(LLM fine-tuning)

@ %’“*EEAG)—?—E‘(I: )

\7

SEIBRDIEE - #PH D SR
> ETFEZ L -miERIEOZ
> etc.

REBZDESM - ZHRIELOMUEL -




“SEEOKIHIBE" L “RIEDABBELN ROBELZED IHH"Z2ESRAET 5D ?
(R AMESBET N & AOHHHEE DL I IR

BARANG = Mai H ICmBEt L7 7 b
@' B A Dfine-tuning @ pre-trained LLM cEM L, LLMAYE T B AEA T 3 £
(Jiang et al., 2020 Trans ACL)Z FB L\ %
| @ LLM# > B3R5 > % IRa& b BIHRr THEIEN 2 M
l Bl (a,r,b)y=(RAHE4TH 5, HF)
3 BIRIANFDIEEHIAH
l ® ZEZEEZDFE(LLM fine-tuning)
@ BIRHAGE D ZR{EMDRE
l @ QEZEWEAGJ—?—E‘(I: )
® BRME,I OREFRTE LR POTI S D EEAME .« IR DITB L -
> RO - 1%l 0 BR

> ETFEZ L -miERIEOZ
> etc.




“RLIRDOKREEE” L “REIEDRKEBBENRDBEZEDSXHF "2 EIRETHH?
(R)KREEFBET NV & ADFHEE DT (S ILH

@ A Dfine-tuning @ pre-trained LLM

translational embedding* CRARF 0 Z X7 ~ L
@ LLM?D S oBG®RAFBOMME | | ZFITESHAD

1 % (a,r,b)II L Covg+v, = v, 2R BRXHEET 5
& 5 ITEdEl L 7= 1A # (Bordes et al., 2013
| @ BHRANGEDIEHRAH Adv NeurIPs)
l ©® EZEBL=DFE (LLM fine-tuning)
@ BFRIFEDZIREMDRZE
= ~l —— @ REB=0FE(E )
® BRME,I OREFRTE LR POTI S D EEAME .« IR DITB L -
> ELIEDOIEE - I0H) DR

> ETFEZ L -miERIEOZ
> etc.




“RRORGRBIE" L “RIROKEBEL ROBIELEDHDULL " ESRAET 5D ?

(R)KREEFBET NV & ADFHEE DT (S ILH

@ A Dfine-tuning @ pre-trained LLM

@ LLM%® > DE{RANE D Hh

}

AR R AN 20 R a, r,x), (a', 7", x), - TR o N 5522
| WS i x4 5,
= —= 1. BRABIBEDHEE (v+v,. = vy+0v) &
@ BERMEDZHREMDEE REEDIHE (v+v, # vy, +v.,) Z1EN S
1 2. BLHDGE, WAxldSEHEMEII—BL
— T-fiBv, = v, +v, = vy, +v,, ZFFD
| ® BRI > REBSE £k R TR SR TUTE S ]

> SRR DR - I DR
> ETFEZ L -miERIEOZ
> etc.




‘SRR DKRIEEE” & “REIRDKEIEE

(R)KHRBEEFZET V& ADF;

@ BA~Dfine-tuning

@ pre-trained LLM

RXDOBEEEDDIER " Z2ESRET 2D 7?

S D FRIUE [ SLR

Z Dfine- tumng’C%ﬁ%%@?ﬁ%iﬁci
EDEDIICEALT BN ?

@ LLM%® > DE{RANE D Hh

}

@ BRI DIEDHIAH

!

| @ BIRAEO S EEMORE

}

® BEFRMEDL SREB T2 £

©® ZRZEB=DFE(LLM fine-tuning) I

@ QEZEWEAGJ—?—E‘(I: )

\7

IR DR - HIH DR
> BT L %EB L 7-mRRIEDE
> etc.

REBZDESM - ZHRIELOMUEL -




“RRORGRBIE" L “RIROKEBEL ROBIELEDHDULL " ESRAET 5D ?

(R)KREEFBET NV & ADFHEE DT (S ILH

@ A ®Dfine-tuning @ pre-trained LLM

@ LLM%® > DE{RANE D Hh

}

@ BRI DIE DA

'

@ BAFRAEDZEREMD[E

}

® EZEBE=DFE(LLM fine-tuning)

@ PEEFEDEZ(E M)
DL - ZRRAEALDAE L -
> IR DIEE - I DR
> BT L %EB L 7-mRRIEDE
> etc.

® BEFRMEDL SREB T2 £

TDOIIL—THELI-E R,
B DESECEZREALDMNED T8

SNDBRV—BLTIFEoNDD?




“RRORGRBIE" L “RIROKEBEL ROBIELEDHDULL " ESRAET 5D ?

(R)KRESEETILE ADHE

@ A Dfine-tuning @ pre-trained LLM

AH

$18 18 D FALUE (3L

@ LLM%® > DE{RANE D Hh

}

@ BRI DIE DA

'

@ BAFRAEDZEREMD[E

}

® BEFRMEDL SREB T2 £

%g(x, t) = —2Ric(g(x, b)) —F) ThidrFng 4 —

® ZEZEEZDFE(LLM fine-tuning)

@ EEFEDFEZE(E )
DL - ZRRAEALDAE L -
> IR DIEE - N5 DR
> ETFEZ L -miERIEOZ
> etc.




RiEOKRINELE.
FREOVA 7914 A NRBICFIEAELL.

€L TRBORRICIRENE SRAH SN
ZRSNICLER



RCRDREEICEDBEN ESHDLB N ?



iREVMREZES

HSHHMBOBELNEBEZED S

« BT HEHECEOBELIEICOVWTOMBINEHENEICEEZ SR 5

Sad Surprised
1.25 4
1.0
0.75 1 Study 1 Study 2 S 3
g 1.0 y 1.0 uey 25 - ey
> . . ®
0.5
0.9
0.25 - Low conceptual overlap 0.8 é’
l - High conceptual overiap ®
° . i i i ; i . . . = =y -
10 08 06 04 -02 0 02 04 06 08 10 g 0.7 g ~§
x coordinate
g 0.6 % §
Conceptual knowledge Emotion perception % % g
8 o5 2 4
Studies 1and 2 Study 3 2 > K]
Fogy D , 2 04 2 E
w | ~ g g 2
| 2 g .o . -
t { 0.3 g = —1.0 1 . c e
_—r — 2 . 3 .
Greater conceptual 0.2 g 15 ‘. .
a
0.1 0.1 4 -2.0 .
0 0 T T T 1 -25 T T T 1
0 200 400 600 800 0 200 400 600 800
Conceptual dissimilarity Conceptual dissimilarity Conceptual dissimilarity
(pairwise rating) (squared Euclidean distance) (squared Euclidean distance)

—
JOR ORI AU R

[ — ]
/\9 }& /e!b»? oF Ot o®e®a®
Study 1 conceptual DM Study 1 perceptual DM

Brooks, J. A., & Freeman, J. B. (2018). Conceptual knowledge predicts the representational
structure of facial emotion perception. Nature Human Behaviour, 2(8), 581-591.



iED’EBZZES

BN OBEDLEIEMICEEET S
o SAIEMELIFEAPEMREICHER, NX—OlL — a3 VEBARIOTVEKRRY P —2 %D

low semantic creativity high semantic creativity

A 100 | |

—HSC

--LSC
7]
Bt
(=]
=z
©
2
£
=
z

i S————

0.05 0.1 0.15 0.2 0.25 03

Threshold

Kenett, Y. N., Levy, O., Kenett, D. Y., Stanley, H. E., Faust, M., & Havlin, S. (2018). Flexibility of thought in high creative
individuals represented by percolation analysis. Proceedings of the National Academy of Sciences, 115(5), 867-872.



BEDI-HICEEFELOND

BEMEZIE T EHAIEIRNICESFS IS
« ERGEDEIERET, TIHhoDRMBICERNKEZ ST WVE DO EIRNICERSIND
(RREBESDORRE) "

. p = 0014 c
©0.175 it p=02
A , — — 2 = 0.40
flash presentation task | N-back task | memory recognition task | essay composition task | § 0.150 =
=1 Eo3s
£0.125 ®
@ 5460 £ 0.30
Exp. 1| mask 20 words 20 words 20 words mask § 0.10 £ s5e
° .
0.075 o
Exp. 2| mask | 18 + 5x2 words | 18 + 5x2 words | 18 + 5x2 words | mask | = Gies _ =090
. @©
B ‘paint ‘body text’ ‘paint body text’ £ 005 S 2 o5
% o~ .02 i
BE + AN = FEKRX
o 0.000 " [50, 75] (75, 100]
£ [50, 75] (75, 100] memory confidence
memory confidence
c D
B
p = 0.010

frequenc

N

presentation -
interval

155 16.0 16.5 17.0 17.5 18.0
0.2s dot product between vectors of

description lengths and confidences

Kurashige, H., Yamashita, Y., Hanakawa, T., & Honda, M. (2019). Effective augmentation of creativity-involving
productivity consequent to spontaneous selectivity in knowledge acquisition. Frontiers in Psychology, 10, 600.




€5 EbaEDEEL L ?



sCiEDEEE & 13 ?

BRED —HDOERE : n—Fyz7PERELa—-FEE
B IL CEERTNE (A AN ICERLTAMNELS ZE] THY, DF )
ZRFOH DI

y =F(x;0)
DEZMICESGRTZFED,

REBRRRTCHLIEEZNIE, FTT—2xTHYUEDD, AAEORAL O IZBEH A TEERT
BINTGA—=ROIZHLEBENES.

N—FyxPERE d—FER
Turing s T EETuring it
| controller |

I universal controller I

!

11010 (1 (1 ]1]-- el 17010121 }1121010(1 (111
data tape code tape data tape




sCiEDEEE & 13 ?

BRED —HDOERE : n—Fyz7PERELa—-FEE
B IL CEERTNE (A AN ICERLTAMNELS ZE] THY, DF )
ZRFOH DI

y =F(x;0)
DEZMICESGRTZFED,

REBRRRTCHLIEEZNIE, FTT—2xTHYUEDD, AAEORAL O IZBEH A TEERT
BINTGA—=ROIZHLEBENES.

N—=FIxTERE 31— FEE
;- Turin - FEETuringéin
1 .
: |contro|ler| Won : v |un|versal controllerl

ey mp———— A
I_I-iux$¥ o EEFEBRGE l

10(5111~- ---1001111100111
data tape code tape data tape




F—5 L LTORBOMWE L BEOHMREEZS



BB ELEEEDEREEZEAD . T2 LTOEREDEE

RIEERT—4@EL LTEF LVLWREIBEZF >N ?

WHHZERIAND T — ZIBHAAIE, BOAAZEREZBERTHLTE S - T—XDOEEEBEEEZ KX
IR L 73RO AD AR &, X L Wz,

ZDEOLEKRT, BROKBEEIZTT —4BEL L TELE LWEEZRD/1ZAH 7

i § =

3 = 2%
B s ™ o

- =8
H )

o P A i iiin p—y—
7 e Bebect b Lo —
5 - > W x
——— .' ;: "‘ -
, o
oA 2
' A P P ;
3 R 1) i l ‘u
/ : ,{‘ 2 '
/ u-v ; ‘t
X “ . A b . carn
) S e , P ] : 5
(a) Geodesics of the Poincaré disk (b) Embedding of a tree in B2 (c) Growth of Poincaré distance 7 S N ) . T \ N j'
" Y ) { Ccz‘l_r ..v:-,;” '..x;v.-m»;.n
L% ! A ‘\\\\ ;
"~ Deagh
y f .;,,._.. \\ ".A
L SRR vy oy T o>
LY R — .- . —

(a) Intermediate embedding after 20 epochs (b) Embedding after convergence

Nickel, M., & Kiela, D. (2017). Poincaré embeddings for learning hierarchical representations.
Advances in Neural Information Processing Systems, 30.



AIEDBE L HEDEREEZRD : T— 42 L TORENSS

HEET—2EBEE LTEE LUVLWKEBEZF >N ?
By T =R TCEZ LIEREZ 2 —J Ly MEITHREXR 7 CREBWICER 2 EBEXRIREA
B15d 5,
HAEHLZDLIAELWKRIE EL-oTWBTZA DI DY

Classification Start Text Extract J—- Transformer Linear
ﬂs}, o Mask L \ /ﬁu /@@un StartEng span\ Entailment Start Premise Delim | Hypothesis | Extract Transformer Linear
| ' \ ( [ ( \ ]
T ) | e
Ed - P 1
BERT LR BERT Start Text 1 Delim Text 2 Extract | { Transformer
Similari - i
] =] =] EIEED- i 7 )= Linear
Start Text 2 Delim Text 1 Extract Transformer
(ea(me] .. (o] (oo )(mr] . (o] a
T | T . i
Unlabeled Sentence A and B Pair . : : tart ontex Delim nswer Extract | = Transformer = Linear
\ \\ Question Answer Pair / S C text li A 1 Ti f |_
Pre-training Fine-Tuning .
Multiple Choice | Start Context Delim Answer 2 | Extract | == Transformer | Linear
Devlin, J., Chang, M. W., Lee, K., & Toutanova, K. (2019). BERT: Pre- : 7
training of deep bidirectional transformers for language understanding. Stat | Context | Delim | AnswerN | Extract | = Transformer [~ Linear

Proceedings of NAACL-HLT, 4171-4186. -

Radford, A., Narasimhan, K., Salimans, T., & Sutskever, |. (2018).
Improving language understanding by generative pre-training.



AIEDBE L HEDEREEZRD : T— 42 L TORENSS

iEIET—21B&¢ LTCEFX LVWKEEERZF >N ?
ZbZHRBDOETEIIZEITIEEDH B |5 DEARFRIEDFELL
self-attention CETILIL TERL LA ?

EAEIN L TWL BRI

(:: | Y
Add & Norm
Feed Scaled Dot-Product Attention Multi-Head Attention
Forward 4
1 Linear
MatMul
N Add & Norm i ‘ Concat
X SoftMax
Multi-Head p
Attention Mask (opt.) I Scaled Dot-Product JZ o
A 1 y) : Attenltion l o
k ‘ J [ '8 s
Positional ! Linear Linear Linear
Encoding v r r r
Input KT
: ) R . V K Q
Embedding Attention(Q, K, V') = softmax( )V

I

MultiHead(@Q, I£, V) = Concat(head,, ..., hea.dh)ﬂfro

Inputs where head; = Attention(Qﬂ-’fQ ) Iﬂl’f{ , Iﬂf)

Vaswani, A., Shazeer, N., Parmar, N., Uszkoreit, J., Jones, L., Gomez, A. N., ... & Polosukhin, .
(2017). Attention is all you need. Advances in neural information processing systems, 30.



EULTDERIREDBELBEDHREETZD



iCIEDEE L HEDEREEZ S ! & LTHOREDIHE

O—F & LTORBIRBFRBEAENICIRAONBEWEASS H?
O—FZTHBIEZERETILDNTA =R ETFDH D Z EICHIGD NI, BREMFD
XFRICHENIED,

& 22 2 — A% ERER(Amari, et al., 2006. Neural Comput) TIEEI I N TWARE B ESDORE
IZEERH Y Z D ?

I universal controller I

1

110102 (1|12 (OO} 2T |1 }|1]--
data tape




PRBOAXKA L NIRTFar:

selglFECICITTH 0N ?



information

information

information ation

ation

, , active selection
information

information

information

slBORBIBENRAM 1T I 7 RICENDHHENHEID.
selBICIFEETEG L VRPRDIR S ENIHIE



> >
BELR/LLH

slBORBIBENRAM 1T I 7 RICENDHHENHEID.
sRlBICIFEETEG | URPFTHID S EIISIE




AIDHICDOWT



Al & % M DI

o ANCKBHMOTEFTRELE V- EIL, ALRLU(BLLCIEAKY RN ZRE EICHIR
INdD, ZIHhORUVHZIHPDEWVIEIDELELRREICESTIHKEL

« AtERTED, EZKHIRENATVWEINRIEETHS




SZLANIDHDIFR



HELRIVOHDIFERICHEH =FIEHLH

%

EZ RIS OB OWZRE

« BUAAVOF—LIFBEMERITHERBEEZ, TEAA OF—LIZZERITHRIBZ I B 4EM
e IFXIFLRAVUEROEZZZZRELTH ZOERIXIERS

« HARFBIEIXRFZOMRE L TCEMEICR-THTEZITOX Y FEEAHT

- HAREBEZHZLEMLZ WD, THERITRBAOZEMII+THICERI NGV

A Inventions from male-majority teams B Inventions from female-majority teams C All inventions

—
W
o

150 - 150 4

—
o
o

100 1 100+

N me\”
0_--!--.'._-III|I| II I 0

| | | . hh
i NI (V) Ml TN
&0 J -50 A -50-
100 - 100 1 1004

o
o

o

Count of female-focused minus male-focused patents
W
o

-150 A -150 4 -1504
200/ 2001 2004
250 250 250
1980 1990 2000 2010 1980 1990 2000 2010 1980 1990 2000 2010
Patent year

Koning R, Samila S, Ferguson JP. (2021) Who do we invent for? Patents by women
focus more on women's health, but few women get to invent. Science 372, 1345-1348.



HELRIVOHDIFERICHEH =FIEHLH

ZDENE D IC— ML AL S I
o HERILSN - EYMERRFAFRELUMNMIL —fRILS N ETD
« PIZIE THIE] EWDHDDORERBICH—MLINDILHIE

BIRIE THIE] ORBICH—BILEND %S IE-

o ax o i



HELRIVOHDIFERICHEH =FIEHLH

ZDEDE IS RRICTTEES S IF---
o MHERILS - EMERGBRAFELMNCL RN/ T5
- BIZIL THIE] LW b0DOEBICHE—MbLInsa ol

BIRIE THIE] ORBICH—BILEND %S IE-

i-} I
v v

pA=E 2748 7049k
B 5 EEE



PRBOAXKA L NIRTFar:

selglFECICITTH 0N ?



AFEHDBETREHEBRZIRL WV
&
thought-as-it-could-beZ%1D 7c\L)



ANED BE A RE LR Z R T BT ?

ZHZHLRADPEZICESHIBREINTWAEIHLZ2HMBALELRHS(EEZNT7A—F)
> SEDOEFEEHIZINIZOVWTE -7

HIRONZIEAMT AAIZLTY XL H B E LW (ITEHT77A—F)
> FEOHRESAEEEITELEL AEIZE R D
> LA LIRIRTIE TEEERLTULWAWL] & [HERTEAL] OXFIA DA AN
> “NIETCZXBZ3ETIL"ARD—FH=71E B S

FEL @A




i &Rt HAIDEREZEHET

i B FEAIDFEFEICOBEDY FHHAR

« Contrastive Audio-Visual Masked Autoencoder(Gong et al., 2023 ICLR) DB EZ % %5 L,
HHF3/P3 EEGREE = #H] 9 5 &£ ’5 —EE_f_’ﬂﬁ L 7=FhiER = A B L 7=

« INAWEREICIETRT DL, ELICF3BROEENICERTF I N A2INFIHEHNEER I N/

(FERESDORR)
qﬁ}».._
-

- g
optimization

VA

| Ridge regressmn e future plan

WWQ

AME
|

<
<

/ " A B = o
/ A AR R R EEGINZ
{
.................
= subject 1 = subject 2 = subject 1 = subject 2 ‘ 'UJ)
Z o0 Z oo Z oo Z oo é
> > > >
G —0.5 G 03 G ~0.5 G -0.5
é -10 § -1.0 § -1.0 5 -1.0
E -1s 50 T s T .. x0
k9] G 2.0 9] g — N
g 20 2 s g -20 2 20 ETIAR—RRERIEFEAI
5 20 5 —3.0 g 25 & -25
§_3'0 5_3'5 §'3'° §—3Ao
i o o35 3
e optim. for inhibition  inverted e optim. for inhibition  inverted =) optim. for inhibition  inverted 2 optim. for inhibition inverted

Kurashige, H., & Nagata, E. (in preparation)




PRBOAXKA L NIRTFar:

selglFECICITTH 0N ?



5

Collaborators:

Jun Kaneko (ex. Toklai Univ.)

Eichiro Nagata (Tokai Univ.)

Kenji Matsumoto (Tamagawa Univ.)

Yuichi Yamashita (National Center of Neurology and Psychiatry)
Manabu Honda (National Center of Neurology and Psychiatry)
Rieko Osu (Waseda Univ.)

Yohei Otaka (Fujita Health Univ.)

Takashi Hanakawa (Kyoto Univ.)

Hideaki Kawabata (Keio Univ.)

Yuna Koyama (JSPS Overseas Research Fellow / Harvard Univ.)

Funding:

the Leading Initiative for the Excellent Young Researchers (MEXT, Japan)
the Grant-in-Aid for Scientific Research (C) (21K07264)

the Grant-in-Aid for Young Scientists (B) (26870934)

the JNNS30 Commemorative Research Grant

the Sasakawa Scientific Research Grant from The Japan Science Society
Tokai University Research & Information Center Project

Tokai University Institute of Advanced Biosciences Project



\

> Ek(1/3)

*  Amari, S. L., Park, H., & Ozeki, T. (2006). Singularities affect dynamics of learning in neuromanifolds. Neural computation, 18(5), 1007-1065.

* Audrain, S., & McAndrews, M. P. (2022). Schemas provide a scaffold for neocortical integration of new memories over time. Nature Communications, 13(1), 5795.

* Bordes, A., Usunier, N., Garcia-Duran, A., Weston, J., & Yakhnenko, O. (2013). Translating embeddings for modeling multi-relational data. Advances in neural
information processing systems, 26.

* Brod, G., Lindenberger, U., Wagner, A. D., & Shing, Y. L. (2016). Knowledge acquisition during exam preparation improves memory and modulates memory
formation. Journal of Neuroscience, 36(31), 8103-8111.

*  Brooks, J. A., & Freeman, J. B. (2018). Conceptual knowledge predicts the representational structure of facial emotion perception. Nature Human Behaviour, 2(8), 581-
591.

*  Charest, L., Kievit, R. A., Schmitz, T. W., Deca, D., & Kriegeskorte, N. (2014). Unique semantic space in the brain of each beholder predicts perceived similarity.
Proceedings of the National Academy of Sciences, 111(40), 14565-14570.

*  Devlin, J., Chang, M. W., Lee, K., & Toutanova, K. (2019). BERT: Pre-training of deep bidirectional transformers for language understanding. Proceedings of NAACL-
HLT, 4171-4186.

* Dragoi, G., & Tonegawa, S. (2011). Preplay of future place cell sequences by hippocampal cellular assemblies. Nature, 469(7330), 397-401.

* Dragoi, G., & Tonegawa, S. (2013). Distinct preplay of multiple novel spatial experiences in the rat. Proceedings of the National Academy of Sciences, 110(22), 9100-
9105.

* Fischer, S., & Born, J. (2009). Anticipated reward enhances offline learning during sleep. Journal of Experimental Psychology: Learning, Memory, and Cognition, 35(6),
1586.

* Gilboa, A., & Marlatte, H. (2017). Neurobiology of schemas and schema-mediated memory. Trends in cognitive sciences, 21(8), 618-631.

*  Grob, A.M., Heinbockel, H., Milivojevic, B., Doeller, C., & Schwabe, L., (2023). Causal role of the angular gyrus in insight-driven memory reconfiguration. eLife,
12:RP91033.

*  Gruber, M. J., Gelman, B. D., & Ranganath, C. (2014). States of curiosity modulate hippocampus-dependent learning via the dopaminergic circuit. Neuron, 84(2), 486-
496.

*  Hebart, M.N., Zheng, C.Y., Pereira, F. et al. Revealing the multidimensional mental representations of natural objects underlying human similarity judgements. Nat
Hum Behav 4, 1173-1185 (2020).

* Holtmaat, A., & Caroni, P. (2016). Functional and structural underpinnings of neuronal assembly formation in learning. Nature neuroscience, 19(12), 1553-1562.

* Huth, A. G., Nishimoto, S., Vu, A. T., & Gallant, J. L. (2012). A continuous semantic space describes the representation of thousands of object and action categories
across the human brain. Neuron, 76(6), 1210-1224.

» Jiang, Z., Xu, F. F., Araki, J., & Neubig, G. (2020). How can we know what language models know?. Transactions of the Association for Computational Linguistics, 8,
423-438.

* Kang, M. J., Hsu, M., Krajbich, I. M., Loewenstein, G., McClure, S. M., Wang, J. T. Y., & Camerer, C. F. (2009). The wick in the candle of learning: Epistemic
curiosity activates reward circuitry and enhances memory. Psychological science, 20(8), 963-973.

» Karpicke, J. D., & Blunt, J. R. (2011). Retrieval practice produces more learning than elaborative studying with concept mapping. Science, 331(6018), 772-775.



Karpicke, J. D., & Roediger III, H. L. (2008). The critical importance of retrieval for learning. Science, 319(5865), 966-968.

Kenett, Y. N., Anaki, D., & Faust, M. (2014). Investigating the structure of semantic networks in low and high creative persons. Frontiers in human neuroscience, 8, 407.
Kenett, Y. N., Levy, O., Kenett, D. Y., Stanley, H. E., Faust, M., & Havlin, S. (2018). Flexibility of thought in high creative individuals represented by percolation
analysis. Proceedings of the National Academy of Sciences, 115(5), 867-872.

Koning R, Samila S, Ferguson JP. (2021) Who do we invent for? Patents by women focus more on women's health, but few women get to invent. Science 372, 1345—
1348.

Kozlowski, D., Dusdal, J., Pang, J., & Zilian, A. (2021). Semantic and relational spaces in science of science: deep learning models for article vectorisation.
Scientometrics, 126(7), 5881-5910.

Kurashige, H., & Kaneko, J. (2022). Correspondence between the Video-Learning Deep Neural Networks and EEG Brain Activity during Naturalistic Video Viewing.
ICIIBMS, 200-207.

Kurashige, H., Kaneko, J., & Matsumoto, K. (in preparation)

Kurashige, H., & Nagata, E. (in preparation)

Kurashige H, Kaneko J, Yamashita Y, Osu R, Otaka Y, Hanakawa T, Honda M and Kawabata H (2020) Revealing Relationships Among Cognitive Functions Using
Functional Connectivity and a Large-Scale Meta-Analysis Database. Front. Hum. Neurosci. 13:457.

Kurashige, H., Hoshino, H., Owaki, T., Ueno, K., Tanskanen, T., Cheng, K., & Cateau, H. (2021). Brain-mimetic Kernel: A Kernel Constructed from Human fMRI
Signals Enabling a Brain-mimetic Visual Recognition Algorithm. Proceedings of ICONIP, 271-283.

Kurashige, H., Yamashita, Y., Hanakawa, T., & Honda, M. (2018). A knowledge-based arrangement of prototypical neural representation prior to experience
contributes to selectivity in upcoming knowledge acquisition. Frontiers in human neuroscience, 12, 111.

Kurashige, H., Yamashita, Y., Hanakawa, T., & Honda, M. (2019). Effective augmentation of creativity-involving productivity consequent to spontaneous selectivity in
knowledge acquisition. Frontiers in Psychology, 10, 600.

Milivojevic, B., Vicente-Grabovetsky, A., & Doeller, C. F. (2015). Insight reconfigures hippocampal-prefrontal memories. Current Biology, 25(7), 821-830.
Moskaliuk, J., Kimmerle, J., & Cress, U. (2009). Wiki-supported learning and knowledge building: effects of incongruity between knowledge and information. Journal
of Computer Assisted Learning, 25(6), 549-561.

Nickel, M., & Kiela, D. (2017). Poincaré embeddings for learning hierarchical representations. Advances in Neural Information Processing Systems, 30.

Radford, A., Narasimhan, K., Salimans, T., & Sutskever, 1. (2018). Improving language understanding by generative pre-training.

Roediger 111, H. L., & Abel, M. (2022). The double-edged sword of memory retrieval. Nature Reviews Psychology, 1(12), 708-720.

Sumner, R. L., Spriggs, M. J., Muthukumaraswamy, S. D., & Kirk, 1. J. (2020). The role of Hebbian learning in human perception: a methodological and theoretical
review of the human Visual Long-Term Potentiation paradigm. Neuroscience & Biobehavioral Reviews, 115, 220-237.

Sweegers CCG, Coleman GA, van Poppel EAM, Cox R and Talamini LM (2015) Mental Schemas Hamper Memory Storage of Goal-Irrelevant Information. Front.
Hum. Neurosci. 9:629.

Tompary, A., & Davachi, L. (2017). Consolidation promotes the emergence of representational overlap in the hippocampus and medial prefrontal cortex. Neuron, 96(1),
228-241.



Tse, D., Langston, R. F., Kakeyama, M., Bethus, 1., Spooner, P. A., Wood, E. R., ... & Morris, R. G. (2007). Schemas and memory consolidation. Science, 316(5821),
76-82.

Tshitoyan, V., Dagdelen, J., Weston, L., Dunn, A., Rong, Z., Kononova, O., ... & Jain, A. (2019). Unsupervised word embeddings capture latent knowledge from
materials science literature. Nature, 571(7763), 95-98.

Uddin, L. Q., Yeo, B. T., & Spreng, R. N. (2019). Towards a universal taxonomy of macro-scale functional human brain networks. Brain topography, 32(6), 926-942.
Van Dongen, E. V., Thielen, J. W., Takashima, A., Barth, M., & Fernandez, G. (2012). Sleep supports selective retention of associative memories based on relevance
for future utilization. PLoS ONE 7(8): e43426.

Van Kesteren, M. T., Beul, S. F., Takashima, A., Henson, R. N., Ruiter, D. J., & Fernandez, G. (2013). Differential roles for medial prefrontal and medial temporal
cortices in schema-dependent encoding: from congruent to incongruent. Neuropsychologia, 51(12), 2352-2359.

Van Kesteren, M. T., Rijpkema, M., Ruiter, D. J., & Fernandez, G. (2010). Retrieval of associative information congruent with prior knowledge is related to increased
medial prefrontal activity and connectivity. Journal of Neuroscience, 30(47), 15888-15894.

Van Kesteren, M. T., Rijpkema, M., Ruiter, D. J., Morris, R. G., & Fernandez, G. (2014). Building on prior knowledge: schema-dependent encoding processes relate to
academic performance. Journal of Cognitive Neuroscience, 26(10), 2250-2261.

Van Kesteren, M. T., Ruiter, D. J., Fernandez, G., & Henson, R. N. (2012). How schema and novelty augment memory formation. Trends in neurosciences, 35(4), 211-
219.

Vaswani, A., Shazeer, N., Parmar, N., Uszkoreit, J., Jones, L., Gomez, A. N., ... & Polosukhin, I. (2017). Attention is all you need. Advances in neural information
processing systems, 30.

Walsh, C. R., & Rissman, J. (2023). Behavioral representational similarity analysis reveals how episodic learning is influenced by and reshapes semantic memory.
Nature Communications, 14(1), 7548.

Wang, A. Y., & Thomas, M. H. (1992). The effect of imagery-based mnemonics on the long-term retention of Chinese characters. Language Learning, 42(3), 359-376.
Wilhelm, I., Diekelmann, S., Molzow, 1., Ayoub, A., Mélle, M., & Born, J. (2011). Sleep selectively enhances memory expected to be of future relevance. Journal of
Neuroscience, 31(5), 1563-1569.

Zadbood, A., Nastase, S., Chen, J., Norman, K. A., & Hasson, U. (2022). Neural representations of naturalistic events are updated as our understanding of the past
changes. Elife, 11, €79045.



