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P-15 % & Evolution of cooperation in the generalized division of labour
with a single output

Md Sams Afif Nirjhor (Meiji University, Institute of Science Tokyo)
Fangyue Liu (Tokyo Institute of Technology)
Mayuko Nakamaru (Institute of Science Tokyo)

A general division of labour has an arbitrary number of subtasks, and
asymmetric interactions among the subtask-holder groups. Cooperation
among the subtask-holders is essential in division of labour. We construct a
general division of labour network model with a single output, where the
process never stops for a defection. We consider that cooperators and
defectors exist in each subtask-holder group initially; cooperators in a group
pay a cost of cooperation to upgrade the product or service quality, defectors
do not pay any cost, reducing the quality. More cooperators can upgrade the
quality more, thus all the players can obtain a better reputation defined as a
bonus. We found that the division of labour with a bonus confronts the social
dilemma. The evolution of cooperation in the division of labour were
investigated through replicator equations. The network structure of the
division of labour never influences the dynamics because the cost of
cooperation influences the dynamics, not the benefit. Sanction on the
defectors induces the evolution of cooperation and co-existences of
cooperator groups and defector groups. The effects of the length of the
division of labour on the evolution of cooperation depend on the bonus

functions.
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Ml EREBRFY M7 — 7@:!:1—744‘%1_75\I:—+I//\—75\$[/
DHRE+HEHTHY, BRICEILARKBHROFEKRCEBEND IT+9FHE
ICTERWZEZBELONIZT S,
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P-22 % WEDARFEELHI2F TN EREN AT ROAEENARRIND

HILE (UK ZF)
Bixs (hINKF)

KRBT, EF220—FICESHM MBI ICERME 5 X 5 NH ERIERK
ECBMAICERMNEZEZ2BRIFFERNEREZRETT 2L, Z<DEM
ERIREZES, LELLSHBM2EST 20 SMEORER A Y N—TH

CBAT D E MMEEMNBERPETEEINCICBDIEEDLANONT
W%, RTRTIE, A ERNERKD, 2O FEZRINT2L0TH
NITBENCTVWEWVWSRREIL T, RIAEDH, FBMBEAL X7 DORIE
AREILCEZEENBEEIALAVADOL, 2FOKMEES & LI EET
FEODETDERRZITo7c, BEXAIVRTRKICSNEIC, BH LY SHWE A
STE1IZOERBIHEESERBICTIF22AL LAVAENRLY . F
—EELTE2ZORKBIM2IRZIERLALY L, R, ZFOERD
RNEED DI T ERMNERBEA TN EENTE S & VD FED. DA EED
BRIk ZRBIEFDEGEBERICELST I I LN DD o7,

P-23 % REBEDMEFAHICERBEOEBEBUENSEZDIEE . > S U FE
BRIC L 5T

GEE=S % (LEXH PR AP RRT)
@ (LEEEMZRMAFZRRS)

EE, V=2 v AT A TOBRRBERBICHL., EBBREEEBERIAY
BLoTIHEHINDS A, REBEMHZBICHIT2BRERIIZABECLENERD
FEZZIIRITLLRY, RBoHCESENLTEZI RIS I ENH
%, Zhang & Wang (2024) . BAKREROGENHM 9. Hi5ME%
E@ﬁﬂ“ﬁ‘b‘bf%ﬁéﬁ% EHEBLTWS, AFRITFUFEREBRIZOWNT,
T}i*ﬁ ICX T 2HABRIFHREZIERL, TOTEAICOVWTHRET 5, BEHFEH

. TE%E’G?%IﬁiﬁtTéﬁﬁﬁ’C“%7?&L\’I‘?iﬁ%%t‘@iﬁ(@%iﬂ%ux;. L. =
%LiZﬂb0)4?%%’6"%%&@%@@tﬁT%%iﬂ'J%:ﬁoto . fmElEHE L
TERBICEHT2MEFHNZIT o7, PITOKR. BHREFODEVOEENR
‘ﬂf—b“ REBELEETCOMBEFRAOEVIRoON A>T, TOHER

IREBEICOVWTHEBRTAMERL LY ITEREGROEEZZ TS Z
t%m?%@?%6o
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P-24 % & Variational Autoencoder ICZ £ % disentanglement & 28 @ %% B
BRETOBEBRICEISZYIaL—> 3 IR [(EEHE]

=B A (ERKF)
HEHRE (RRKF)

RAorDENT IHEEORGEREZNN T 2ENTZORHEI—NELd 3
oo, HEEBEETTILABLLNTE 2, 72— THIC Variational
Autoencoder (VAE)Z EB ¢ T2 4B EBEZZTTILH, AT —x0EH%
ICHBMILL-BERZHDEET 5 2 & (disentanglement)Z BIE L TEERINT
=7,

KAWL disentangled B2 — FZ2HA WS Z ¢ A RFBEROEERETICER
BOTIEBRWANAE WS BRICE D, Locatello et al. (2019)IC & % & &AI T —
X FAWI-HEN 7% L ¥ 8 O & TIlE disentanglement OFER IZRIE S LA L, L
» LIRICR L disentanglement "R W RBERETHERZEKRT 2D THN
I, BRANANR=NIA=ZPEAB— FETIHINTEHRDOET LD
L IEXFRYIC R UL disentanglement Z3ERK L 72 ET L2 R EERNABRAMO Y
YTV ERVWTRETAZ L, SLICXTDETLZRAVTEKRAOY Y TILD
RMBERZETIAIENARICED EEZOND, TORBZRIAET 572
HICHKEDOEAY I 2L —>a Y EVAERREFEETLVICL D20 EAT

Do
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P-25 % & IR D EEFIR O XL EAL [#F 5 ETiE )

AIEE (RBRF)

WTEH (EBKRF)

@ (LEEEMZRMAFZRRS)
FEREK (KERKZF)

BEE (KERKF)
METO0 5 & (RBKRF)

IhWRIFRT IHRBED A v FEEFEEL, 7P T7EWTEELEATEES
NEEIICH o7 ILMEOBEIZZFOMBOERICLS LIEHINTWVWD
(Tsuchiya et al., 2007) . £ 2 CAMHETIE, LEROEOHIFEEZF S HIC
TH5EMNT, HALGET HWE ORI 200 ADOEEEKRIC 189 DT~ KN~ —
JEREL7TAI AT AEHMEEN L7, PERMANOVA OfER. LG DEE
FEREEEERICE--TERICELRY, MEOEZBIEIRENTH-72, TN
EYENZERLY) DECPERICE XN - DEMNZERMLAGROBRIRIC
FETLAREEZTRET 5, Sk, AFETIE TABIIREAICMZEZ £
VIEFET 5] &£ WS IRKR (Soferetal,2017) (IS EB L. {ARTH A DIER
NEoNZ2HrZL0EBERETCHLONICT S, I HICABOERIK., &= TF.
EREOT—REHFAELTCEBITL, LMROBICEEZS5X2Z/]EZHRERT %,
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P-26 % NEARBEOREES L OHRM L 0EE [HFRETE]

hHER (RREXFKRF)
BHERXR (RREZXFKRZFE)
KEZEBE (RREXFKF)
BLH0OA (RREFKRHF)

SHEABORBCREICETIBRREEFER TCHIAZTARRIE. BCEHPMH
EANOHBRICEELRZRBARZLTCWED, TOEEBEFHESHOFEM TR
TH>d, NZRBBEIEBUEAFE O LA RBINTE Y, HEEDBEEIC
DVWTHEH—HLEEBRBIAESONLTULWAWL, KR TIE. BORAEIC K 2040
BEBENM(HEP) [£BFNEE] . 0B 74— PNy 7REICKZ [EHE
] . BREKICKD TRERSM] A2 —I10k% [WEHE] 0420
BORNZARRBEEZFAL, FEEAPIUCHARERELOBREZRE S
5, £7-. HEP IZFBCOBHRBERICEEZ AT 5 LIRBEANERT 24, fbE
DEERBFBRANDEEN HEP ICRIFTHEEIMoNTWLAR L, KFFETIE, B
COLEER., thEOLEEFR, DHETERVWEEZRRL. SFEFBICE
|75 HEP OLE®Z1TS5, & H I, HEP DB ZEEHOBAEZICEB L. HE
MRELOBEZFAET %,
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P-27 % BHRBHROEEIRRIBHEICKITTEE [HRTHE]

BHERXR (RREZXFKRZFE)
hHER (RREXFKRF)
KEZEBE (RREXFKF)
HE-#hERE (REBRF)
BLH0OA (RREFKRHF)

NZRERBIIEANMOREICETIREBRTHY . BEOEREMEMHIFIC
Bha7ZiFcimd, RKINEE~DODADNZNLTEHICEY, BEEHECMHEE
NOHBICHEET D, HEAFECII 227 —>a VIl TZEORMED
REEISEE2IEAMONTVED, EOEERABOBRICEEZME T
ZZEDMEORMAEICEDL I BEELZHT-ZD2DNIETRBETH D, A
RTIE. B2OO0REE, EOLHEE., GHTIEAWEREOZNLZNIC
FEABUTA2RAICEVTCRMEZEREBAAZITVL., BECMED BEKIER
NDFRDVPHEORAMICEZ 22 E%2FMT 5, /-, ZHFOHLESIAE
M, HERERE, BEPHSTHICEDL L I EAM o N TWL S HAMREE
%E@%%ﬁﬁ?%gh%%ﬂ@ﬁ%ﬁ%¢éozﬂbw%ﬁ%ﬁUf\%
HTEROEBICL2MERAKOBRELZRET 2EREZRTT 2%,

P-28 %< HEHNRBICBITE2REMRMBE R TR & FMT RO LM
ICEB L7-eT— [ EtiE)

Etd (LBEKRE)
BEEE (LBEBEXS)

EFOHESNRBICEVWT, EERBMOBRIILT LETIRTIEARLL, KA R
%i#fftﬁ% ZDEDLIERMAZHIZHE T, EW##%%AEK
RHT 2HENE. EFEROTEH (RECHEL L) PRAOFE (&
PW SR E) | %%?5 FATHIF T UL, z%@@ﬁbﬁ@@EEE#AE
MRAMIH L TRIFTIEEICODVLWTHRET SN TE S (eg., Cook et al, 1988;
Molmetal, 1993) . LA L. AEMRMOBRERPTIMIRNEZHETH 5 7-
WICHBNAERT IR EINTEST., E FOXEMRAMA D ZX LA VAR
5H5DTHHBNIEABEETCHS, £ 2T, AR TIFZOMVZHELOAICT
70, BITHETRINGE, REERMOBER & SFMTREZERBIC
HARATRRERRAERT 2, AARELAEEROMIPHEBRICKIFS

FEOMBICAMIT T, EIANEBRORHZBIETLIOTH 5,
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P-29 x & BZFFMoRxRT R2FMEROERDDITICL 25 (IR
=HiE]

hAFEE (LRERBRZRIMAFERKFE)
At RETBEMEA)

KEBEF (bEXLHERZRMTKERKE)
NRE CEELEREMZRM KL RKFE)
@ (EEEEMZRMAFZRRS)

BMEOXERICENT, HREBEOA VLT 4 T IE X OEBENITEICKE
CHEET LERTH S (Smaldino & McElreath 2016), AR L. Z 5 L 7=HF
REDA T4 7ICBLELZHARFIMOIBFICOWVWTEHENICHNTT
5, BAEMIZIE., KECHEKBEO N7+ —< v X2 MT27-00H
- WEIBE - by T 10%mXEFEE VW EBROBENMALLONTWS,
AHRIE, TILEETHDODHY —ILTH % SciVal % A LT Times Higher
Education HR KZE 7 v F v VLA ETERICERAINTVLWAIRFEZ L DFHlA
MREEZET —2ZINEL. ERDAWICLY INOHWITHRWVWIEEZEFEORT
HIB 24T\, AI8f L7z, DM OBRICE D EFMEEF O - R -
NRMEZEZERL., FLARFAMELEZERATHI-OO0ERNAMEORH%
AA B,

P-30 % RFHETOATREFFTAHK mtDNA ZERHOI X<y FAT X
FRTOYEBHOERBITE - MEROBEEICRIZTIEE [HRFTE]

BINRF (ELHRFRTRKFERKE)
hoE (LEXEMZRMAFZRRS)

AARIE, A7 X MY —BHBICEDZHI2BERORBFD r/KEEED < v
F-IXTYFOBEAHNSTAIMNRATAOVERBITHOBEEX2BRTT 2, B
HTHICIZ, RRABEDENAEEZE (AMRTOXTR) EHREERORBHE
BE (TP FUT7DNAZE) AoiERINDIRBO r/KEED< v F -
AT FAR, BUHEOT A MRTA Y ERBITE - ML OBEICSEZ 3
FELERTT D, HMICIEKEOT—XE v b (NHANES) ZFH W3, KEZE
HIIXERE - ENEEE - MEgEEch Y, MUZHIE [ TXMXTAY
EEEEFR] & [AMRFOX7REIFIVRUTDNAZE DT Y T/
IRy TF| OXRBEERET D, ZEERMICEIY FRCEERE. 0B
SMIERAHEF LS AT, BHERKDOIFA 7EX M) —DHEAEDLEICL D
SHOEEHEOABEELZERT 5,
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P-31 Wi 227 A ROFMEICRBAIEET D2DH?

/J\EE]JL, (’I/%E I%jﬁ%)
HEZTF (REEIEKRFE)
Bk (FaEIEKXRFE)

BIL NVEARERL O, FAtEE I L—-T RO NS L T — T
DDA REVEBHICEVWTELRLI A ZENAFEINDE, RERIC, £ MiE
ARCHR, BELQEABUTVWEBEFICHLTLYFMBIICHRSE Z A, L
KOPDRABPERICBVWTHLAICA>TWVWS, AR TIE. ThzEE
OHFEII 22T 4ICBVWTHKRIELZ, IRTICBEVWTIEIEHETAND 3D
DEXICEETITR. IR2ICEVTIIHEAEEE THESH D EZ X
RIS, BENICEHLY 0L 2B II 227 DAY AN—FHDED LD
RELUEDN, 32T ABREOBRSEII AT A AOHMBEDOT S ICEH
ELTW20rABL, ZOHRE, —20HRICHEBELTEELTWED
id. PELWORWEZAZELULELY W) FEHRDEBITH 7=, 7.
BFELWORWEZAZBELULELYD EWLWHDFHKOBIE, 312 =T 4RE
DEIZNLTCAI2=2TANOFMEICEEL T,

P-47 AT [Z8#S | EEP ERBDOICKITTEE . AARBS & OMBEME
ICEB LT

AXEERZE (BRBEKRKF)
fERE (Y7 IL— b2 P X by Ya—23vX)

RYHMNEMBRNAEZZD AN ALD—D2E LT, #ERAED (L] =
B H D, EHIOEBRANPRRTHREBICHZ2ZIF2EEL TN, BAN
REINDITEAS, AFETIE., COTAEREERBRNICKRITT 27012
[ A% 51 (AAP: Artificial Afterlife Punishment)| E&2 % £ERBEICEA L
oo BAERYICIE. T/74/%%®ﬁm%_ﬁULLAﬁﬁf—A%ﬁb
ﬁxﬁﬁm_r TOERKRTHR, BAENEWEFEERKRESENYOIC
%ﬁﬁmiéjt%TLto%%1Ti %T%ﬁbﬁV%ﬁﬁt%@
Ltﬁ% AAP BURE DO AN BRICHODE @EHL -7z, S HLICER 2 Tl
NHEH T — LEICEABS AT i%ﬁk}ﬁl’é‘ AAPEEEIHIBEZ kIR L 7o & &
A, EE 1 EREERIC MWﬁ@ﬁ#%ﬁrﬁmﬁotoit\ﬁﬂﬁ%®ﬁ§
ICHBETEREZR AL 72D, AAPE O A D THHEE (BB HE~DE)
NMEEIN, REESE (BHABE~DS) 1 IFHIINE] EWSERINRED
btz
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P-49 FBET Ep SELIRBIIREFRTRL LD HAEIEDNOE
e ERATCZRT — XD

BEET (LEXF)

BEMANE (HIIXFREAKRE)

BFEkA (BHNZFKXFE)

HREBLC (BEXF, mLKE, ERKF)

EPOHREECTIEIMBGEICMA CHMBELIEERRI AV, MEZE
BEFICOTLEFAE AN, FETICEIIRR, VB, SRR 3 ERM
DEEDAFIZ. HEFBFETEHREADZEWVWHIRHEILIT, ZEUR U Y —7F
RAVY LT 4 v I 2020 FICEHLE [FETCXEOH LB EDER %
M27-00ERBEEICHEDIAE] OT—FOZXRDFWICEYBIEL =, /¥R
FRTOERELTIE, RTEAERBEBLZ FENCTHABLAZBRIC, ELA
STmUMELTHEL D O BRBREAZVIEZIE, FETERLZTINPESI DT
FR, HE2ENBELIZTWCZ RN E VW) RE, AR
NEHE->TW, FEFHTIEMAT, RET AT EBRBIPZVWIEIETFENDIR
ZEVICHLTERICAY, TNPZTRREZED I LV BENRLEFEL
oo RFERIZ, 2022 E0EKFEEFISEAARDICEVWTHEERLA-HRTE (F
BEfb P36) ICEDCHDTH %,
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Session2 : 11 5308 [H] 11:30-13:00

P-32 ¢ NI FEAELEFAN Ty PERMICEBRESEZY v 791T7E)
SO>Il —>3 v

BRAM (kEXimR2RMTAZERKE)
@ (LEXEMZRMAFZRRS)
MRER (ELHRFRTRXFERKE)
ME (AEFEEX T« THEFRE 2 —)

HENFEOMEICEINIE, ALWEFE TV EFLTIERLABECXIRICIE L 7-52
HMNATREFED, THILENATRELEDRRCEREAICHIFZES S
EEZOLND, LALRKROLEET —XIFTHBERICELON. BARFECR
MPBEOERFTIIRETCHE E WO HELH -7z AFERTIFAI T -2 v
PCkbaYIal—2arvaz8Ad 52 TCIOMBAICT 7R —F9 %,
PAARS 7 L — L7 — 7% (Mansour et al., 2025) %5 &2, BRI Y F1E
WEEZTZAIT—Yzr bl EBOAAICRTLELEERAKONAE % 1R
TTBHIET, MUBRELEREZRHL Y v 71782025, ABD
BERARAEELOLEICLY, RILVLYFOEMEZRIET 5, ZNITE>T, Al
IV bzAVERAMEECEAREZART 2 ECOERELDER
TRWTHI LT, SEROXLELCARBITHRFICET Z2MEZED Z &
*ERNET D,
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P-33 XAALEBZOMOD [HE] 1 T4y NN=7 v OBBHICEEBEERE

Bt s (LBEBEXRE)
ATHEE (BEXF)

AFEEOENIZ, REOXMLEFZOZENEEZ., BIYTHFEE=2 - T
4/A~7/®F@0®ﬁﬁjwﬁﬁ&%%%bfﬁ m EL\%wﬁ
EfmERT L THD, TITE—EBEIC, ROHFRLPEICRVIEBAT
%tw@tm#®F$Lt YE] AUEBEDOT %, %—&Bfi TnonE
EN [BE] ELEOPENO>DOERI»SKERFTT 2, 1. ERERAEKRTT 5
DIFXERERFETHY ., DENEROMR - FBNA D= LZRS, 2.
BEBEREZER S O’ HSERELEETHY ., XMMBFEEN R LB E 2 ELD
BISOBER DN OKREFTT 5, 3. REZRIIXMEEREREZNEL, £EREZB
LaXttoNEBREZ DN T 2, 4. FRELCERIILELF TS L.
XAZEDODEELN 7O X ZEBRT 5, REIC, INoEERZ@%EL/-E
ﬁ@ttf—x&vh&:—ly(m%)@r%%wimjﬁ%%mUL
. REROXMLEBEFOREERT,

P-34 & BEEEBSEOXLENICEBITZ2HRALEFEL DRI DK : EFR7F
BEEEER

FHEXR (RRKF)
RHET (ERKF)

ERBVEE. BELREDOE FXMEICIE, BRNABAF Y I ol 2BEERE
NEoLND, TNEFTOMRTIE, WEEZBLTIH L-BEENFEHEN
BRI BN REINTER, LAL, BEOXNMUEFEEFOEELREBWFTH
5FED %ﬁ%ﬁt LEz#FRIED W, KRR TIE, REBREIREEBED X
L 1L IS HETRAT DD, RART, FELRT RA—TFEH
%ﬁ%~@%@®ﬁ¢$%%ﬁoto%®#%\T&T®%#T%E%ﬁ
DEIFEINERIND, BARTREFFELRT LY IBENEET, BRI
DNRNE—=rE—DICPNRILL2ERIPEDL 57 —A. RA—F EH T DR
ANlE, FEBRKRICNAZ—VZPRIEoNT, BEDEES %TEETLJ‘:O
:ﬂb@%‘—“ iF. FEBLBNEATEIZENHMIEHRAICEFEDICEFEETINIC

. XL ECDOBETRFINICCWI L EZTRERT 5,
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P-35 ANERICBT2EHERDOBE U FNERBZ Lo TEHMA X A=
PN

RIFR (RRKRP, BERAMRESR)
HEKRE ERAKZE, BERZMIRER)
KIFEN (RRKF)

HE, e bPOEALICEIT2ERBERERAD., —EBMNLABICEKDT S [ U
FR| OB EW- -AIEEENER ST WS (Rutar, 2024) , ZDBRRD
MBICKRZAVYE YT RIFECD, BHOBBCEROMKILE Lo oEER
BREOEZEBEDIT CERINTCEL, AR TIE. ZHONBED
LDEORKBHEANEREINZIERICEBL., ChoATERBRENDHE U F
BREZJPTH EMBETILEZIRET 2, BENMKAEINIBRETIE. &K
BEHIRKELBDZIETENT1ELY)OBREIPILKRTI2MREE. F5BED
BB ETRADBEENBL T I2HENMERL TEL, YT a2l —3
KD, ZD2O0ODMEAFEUFERR—VEEAET L, FLETNDEK
EOHEBRECHEBENZHFOHEMRICLIOTHBETHDL Z L 2R L, K
ROFERIT, £ - BGAFREROZ/AHI B TH, AERBOIL KL TER
MEADEUFRICHEBLELZZZRLTWLS,
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P-36 BYXFTBOTIAN by HHO=ZRTT— X b bDOEREEE
BIRICBIT2B OB a5

HREBLC (BEXF, mLKE, ERKF)
THBAKX (ZEXZ)

F)IE (ZRHEKRF)

BFTER (LINKF)

AAEF (RIKFE)

EABE CGEIEKRZE)

hER (BLXF)

tE FORBERIRICBEIZ25E0BHICOVWTRZLLDEEMNHEEINTS
V., Z0—2HMN 7 TX b+t v 7t (Waist-to-Hip Ratio. AN WHR) T®»

5, WHRA 1 LW HE/NhEW, Thbbey 7ICRHLTTIX AL UNTZIE
Bozld, aVWEBAEEEHLRVWVEEREBZLE LB AN THI EEZ DN
TW?%, WHR OB RIZFAEZOHLDICE ST, £ b ERBLAEZELDKE
BbEENnNd, AR T, BXBROELBO=ZRXRTT—X%HLTWHR %
AL, EEHROALADODBABCERR T ECORBBICEIER 72, H
EMARFEREL T, BXEBOWHRIZ T LY AhEWHDAEZ L, 7T R b
DLUNIFBEETH -7 (ZRICLZEH. AoRIICEDCHER - 5=

0.74, SD=0.14, WEABEICEODCHER  F19=0.64. SD=0.21. n=%

471) ., RZ &2 —TlE. BROWIHICLZ2ZRICOVWTORMLEHER L 7=\,

P-37 W=+ F A EFEHEEEALLLMYLFI Y P ETIICE
% RS A — LR

M H—# (ekELimRFRMTKFERKE)

AR TIE, KREEBET )L (LM) ZAVEYLFI—Y b Ial
—> 3> (LLM-MAS) 23U\ T, BEDFEE (CH) )@/\"~‘/7LU?M—%'I‘$
(Big Five Personality) Z 70> 7 b THRET 52 & T, ABICEWVWITERR
NalgEr ZHeT L7-, ¥ —LEBHmODEAI VTR F’?‘—A% 100 —>y v
P CERBLAFER, CHOATRPENIEZRBEISEVWD, 7Y FEERD L
T8t L7, —A. @ (Extraversion) #2535 ¢, &7 7> R TABE
B2 (Lietal,2021) o0& —47 v MEIEDE, FEMNEL S E2EAPE LN
oo TNICEY, EATAVYTFRAIMN TS —LIZEWVWT LLM-MAS (2/8—Y F 1) 7 4
BYEEBATEIET, SUABOLLLWERRAEEAROBRENAETH S Z
ENTRENT, SHRIZMBOBEEOEELBRIIL TW L,
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P-38 HROEEFAARELPHEEESAEICS T 2BERRRICKITITEE

HLEHEF (KHXFKRZE)
BEHET (BLFERKE)

RAonhE~OHBNITEHOENEZHBT 2EmD—2H, FHICEDCH
BEAEBETH5H (Nowak & Sigmund, 1998) , MEAEBE O EXIAMETIE. BER
BORIZLAW [SREEFERTIER20LVWEF] ICHHT 2BOBERE
RICEAPEYTONTEL, LAL, REHETIE., 20 L5 ARRTHEH
BHREZBEOICERLTWVWD EEZZICCWL, LA, FROICHE/ERS
ROBEIPEFINIBFICH L%, FHERELERT EEOL’H DT
55, APRTIZ. SEOREFATEECERERZRIEL. BEFERALH 2
ZHETHHBROBRRENZ WA Z, HBEBAEEICL2BE57 —LERTK
L7 LAOL, BREFAICRL, SEBOEEERAPNEVWEREDHD, FF
HBEBRERN LY Zh o7, i, EREEEROBERI/AFTTEI2RA
Tl BFOBAEZTFHERL OHEHANT 2L FZEIMMET Lo EZ RE
ERAE

P-39 ¢ RTEVYH—RFRFBICBTI2EEOA DXL FHYRTLE
BE-EHETHE OB RIEEEE

BEEMR (RRAF)
KIFEN (RRKF)

BHMOIERNTHETICENT, WHAILLTEETE2WEHFZERT D
e BEXZNXBANDT2EBEBNOMBEICT L. AHITELHICTH
VT EB=ZFRICLDFENRIEE VWD ZDOBRRZHKEIETEL
(Greif, 2006), LA L. A H XL OMENBERICET 2 KRET —XICEL
ZRAMNRIAEBTRL T WS, T ZTAPRTIE, eBay ICH T2 HBHHD
RrEYH—FBREIT—22BL, FFHC AT LEB=FETEFNEOKEDN
BREZRIA LT, PMOBR. MANDZXLAPRBNICKET 22 EHVHEL
NEmolc, REBEEMMTIITY FHHPERTLITLZmH., mEDNH
CHELWS F—T7r—70FEEEIMLEI LR, —A. BEXFAHEm TIE
AHOMBREBREN TH o7, INIF. GIENRIENEES 7 F e L TEH
BBz L, DFY. FHEHEEFNEI KRBV LERERIEXA DAL ELD
ZEETRET D,
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P-40 MHESNABERREZECERRE2OFM | REEFANTEREZH
W BRRE 2 AT

I A (ZHKF)
BAEX (KERAIZKE)

AR TIE, HEWMmELERKE (SVO) BEAICSLW AL EDFEINE
AL DEBRREBEZRENICON T 2720, SVORTA X —REZXTHOD
EBRESMEOBRBBOHZICIOVWTTA NI v H—FHWLWTEHRLE, 12380
EMEDT —REDMLIER, MEMNBRERRESE (824) dmBE I
BREBREE (414) LYHSVORBILZCORKMZEY L TW i, £z,
BETEOESMEOITRBEADHLIZEZA. 1) SVODREICH DS
. BNEBERIBEFONELYLEESOANEEZ IR IERAIH D L. 2)
—A T, BASNLEEBRAREEIZAEBCHNABRRREE LR L THF O
mEMENWICERTZ2MERALPHD AL -7z, TNHLDHRE X, SVO IC
PLTHMHERNENEINDI A4 IE, BCHRDOALLTHEOHNIEZ L E
BLI-)ZATCEBMHOAZOMORARItZERST 7L —V—THBZ &eETr%E
T5HDTH 5,

P-41 FEREY TS
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BEZITOLEND D, #HF ﬁ@tb@:XF#LmT%ét\ﬁ®%ﬁ
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Wi DR ETDHFETDH %,
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EICRRE LR ZEZH O THESNITHTH 2 EKXTAOIIEIC, BE
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HH,2009) . LAL., COMREEEREICREINI2ARKELERINT
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thEANDOFMITEIAE Y E > THOE=ZFILRBINITHAZHEER
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2 EEBFELTVLS,
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AL DFFHABRBEERICL > THARNEL, BRFOKER, £ OFMIZENIC
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RICEFMmIT 2ER’IBH D EHDD 27,

I, Z0TY - MR-V ZRAEANEZEEEREZHITFTZ 20D
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P-46 oMo RYRYE D LEARZICEERDL?
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BALBTHEE. BOOELEZ T DOEFOBELELERTIE21TH
THY, BEICARMEHES O, Bl XA AL HLTRELRL AR
W RIRTIE, R—EEI BV RLBEEFAT 2RI ZERE L. E1LT —
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EAEF (BAXFKRZE)
haEER (ABERERZEXRE)

BHEAENARICHLTET EE, RAICHTIHELAICKESR, FAaa<
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IC@<, IDSOFHERLEZ. PEERMICL 2% (MEIALE) ~D IDS 12
NETICHRESIN TV, FFMBEARA~D IDS EAHF R THH TEI SN
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RESFLFHALAVWZ ENBRHINATWS, —HIRE, EBAXAINL,
ICREONBICH T2 EEZOFEVWTOEMUINEROBBERERE > £<F
BT ENRINTWE, 7L, THLEEEBREZAILHIPEBRBHEERIRIC
BLWTEDEIRBHREROFLNY &L THEELTVWILIEITBEETHD, Z
CTCERMETIE. (1) EBARAEXAINLO—HEEBEERGFEDOREE, (2) FiTH
ROATTERBERRCEET 2EH (EEEECRE, MEHLL) 558
ZAZANDOBEE, BLY B) EBRAEZANDOD—HAEEUEIELHORBERR
BT B2EAMTIFICOVWTHRET 5, BRRTIIBREBONTVLDS FHEMARE
REHRES 5,
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AICE 2T, RBEUANDEMEDOFE COXRECHEIC LEOF S (B Fo4k
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FTREEROBEISEICLIYVER T 2HIEICEIEL CHEZED S, BRICD
WT, EITHRTREINTW-SREILERGS. T L TREKEONIRET
ZEBEEAEERRE VD 2 O2DRFICOVWT, FEEBORTEVWVEREAE L
DHADEIET —RICEDERIAT 2, AMICIE. BERFTCPEEFTBEFIC
FoTEBEEIN, " RIELABHINTWET—22F03, BT 2ZHK
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P-54 Variation in Toe Depictions of Jomon Figurines (Dogu):Implications
for Early Numerical Cognition [#f%CstiE ]

Miki Kakinuma (Nippon Veterinary and Life Science University)
Maika Kakinuma (Keio University)

Sayuri Aburakawa (Tamagawa University)

Mikihiko Wada (Hosei University)

Juko Ando (Keio University)

This study investigates the relationship between numerical cognition and
bodily representation through an analysis of toe expressions in Jomon
figurines (dogu). A total of 114 figurines from the Middle, Late, and Final
Jomon periods, in which toes were clearly represented, were examined using
photographs and excavation reports. The results show that 43% depicted five
toes, 27% four, 16% six, and 14% other variations, indicating a notable
diversity that cannot be explained as a simple imitation of the human body.
Previous studies suggest that dealing accurately with quantities greater than
three requires “cognitive technologies” such as language and tools (Frank et
al., 2008; Overmann, 2016). The observed variability in toe numbers therefore
provides insight into how numerical understanding may have been embodied
before a stable counting system was fully established. From an archaeological
perspective, this diversity likely reflects an early form of numerical cognition
expressed through bodily representation, suggesting that quantitative
understanding was emerging alongside symbolic and representational
practices in prehistoric contexts.
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P-55 A Study on the Formal Regularity and Transmission of Kaen(Flame)-
Style Pottery —A Comparative Analysis with Katsusaka-Style Oval-Segmented
Pottery [#FZEETE]

LHEER (BEERZKRF)
fAERL (BABREEHRFEKRE)
fEEEZ GEBAF)

The Kaen(flame)-style pottery, created about 5,500-4,500 years ago during the
Middle Jomon period along the Shinano River basin, is remarkable not only
for its artistic excellence but also for the striking similarity of its motifs, which
were reproduced continuously for roughly five centuries. This study tests the
following hypotheses concerning these decorative patterns:

Hypothesis 1: Compared with other contemporary pottery styles, such as the
Katsusaka-style with oval-segment motifs, the flame style maintained highly
standardized patterns over time.

Hypothesis 2: Such stability reflects the presence of normative instruction with
high transmission fidelity, conducted through oblique and horizontal
transmission within specialist groups.

While craft skills are usually assumed—following anthropological research—to
be transmitted vertically within families, the mastery of complex and rule-
governed techniques like those of the flame style likely required exceptional
innate abilities. Under a polygenic framework, such abilities would not
necessarily cluster in particular families but occur probabilistically across the
population. Individuals possessing these traits may have acquired basic skills
in childhood and, during adolescence, received specialized instruction from
experts and peers, allowing technical norms to persist over centuries. These
hypotheses will be examined through mathematical simulations and

transmission-chain experiments.
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