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METHERWEME (0FV, LVEEN) CHRESNTVWDIE I RTr—ATHs. HH 1D
X, ZEMOPICHEICIEERNLEANFIET 275 — AT 5. BEMICE, ZHEMo >
Lo ZEMITFHFRKENFRRE THLOICX LT, ED O —EMOFRKEN ETHEWE
B (2F0, XVIEEAER) IRESNTVWDLEIRT—ATH 5.

I TIEIFRKEL N T A =L LT, BEENED LI ICELNT 200 EHRTHD Z
ClIZLE Y. BIBEDr—AZBad 57201, OL@DHFRKMEL 050 ITHTEL, ADFF
KR 0LICRET H. ZOHA, ANEVDOITERENRENR LD, BEOTr—A %K
AT 270, ODFRKHEEZ 050 IR EL, @L ADHFRKMEL 0.LICHET H. 20
B, ONE VLI EERNREM LD, vk, TRLENOERITATBICHE 025 TF
FEFTLHEICL, WTINHFFAKAET 0.40, BEIE 1T 30 [B] & Vo 72 56T 30 B OFITIZ
FoTHEONEEHEHE LTS,

T, ~HEHTEINERNTHD LI R —ATONBEDOELITKRD X 52k oT-.

ENEN BEAT P EEE =0.46
BEtk V¥)0EEE =0.65

"0 BB V¥ B =0.45
BEtk VF¥0EEE =0.69
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‘@ oAl V¥R =0.46
BEtk F¥0EEE=0.70

‘AT (AW BEET S EERE =0.42
Batk V¥HEE=0.52

Wiz, —HHTETREERNTHDL LR T —ATORBEEDOELIZRD X H 12> T-

XN BaEha ) BERE =0.46
Bt Ay EEE =051

“‘O7  CGERAM) Bo#T B =0.45
BEhtk B =0.55

‘@7 BEHT V2 HEE =0.44
Btk VPR EEE=0.47

“N” BENET S EEE =0.44
BEht: LY EEE =0.48

ZORERMNG, W —ATIEBEICL > THl - EENRAETIREN R -TDH L
Wbnn (1=7.14, df=29, p<0.01) . WA REHANDVEIRIC R L7 —2 X0 b, FEENZR
HEHNDBIRICR D 5 —ZAD TR EEORETLIRENMILS AN TS, 2L x
TAMNREHTH > THOEROIFETANRER BT T 2561308 fE0 Tt
AZBEEZAEINTLEDLIDZ 2. LML, BANBRERKRDOTNEL oz Gh
21, RICERESICHFERNREAREGEN TV E LTYH, Dlf-EFo ot 220
ZIATe Z EMRAEEIC S, INb E, <IHESHEHREDORRIZLEWV->TIWNEAD.

=
B
gl

A
BT, KO REE LD, TOFEICOVWTHBEICHH T 2 &L L.

e UV T PRHLNI LTEEEOMALTH S [ ERRTEKEEZ > TNTH, A
BRBEh 2 IRT Z & CHMERDBE - EENRET D LVWIBREZARBOETNVIZL -
THHERT DI ENTE. LM LENEFRFC, FAKELZE L TIEZERIZSE T
BE-EEOBRENMRLL D VI BMEORBRRICIER s T RN EbER Iz, 7L
ELARMTHWEET LTI, FRKERD DEMEBZ D LT LANHE-EEDORE N
FoTW. WhIFZE, <HES>EEDORREFFATHLIVBERTHASS.

T/, EMOREZZIZENHIHEICHL0T0 08 - £ENRE S, Lo, oBE-4£E
DR E N 5L, “EHOGA L ZEMOSRE L TIIMBIc > Tnd. “HEMOY

Pl
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A, ~Ya VT o EMOSBEE LD F 0 EB(LE T, ~1 VT 4 EHODBEEN KX <
BT D28, Fle~vA 2 VT 4 EHOBBEER~ Y a ) 7 1 EHOBEE % ERl> T\ 5
ZEND, A VT A EHPEEEZIILDLZ L THEENEKR SN TWD EHIE T 5.

LovL, ZHEHOEAEICE, ~4 7 VT c BHAOSEEEIX~Y a U7 £/ O3B % Tl
STEBY, LAY a VT B~ A VT 4 ZHRT 52 & THHE-EEDEHRI N TH
HEHWTE L., BT DR - EEOBBICEENZ Lo TEY, “HEHTHTITES
A EZ LU EOGAICLHTIIDL I LIEFMTLLETERWVWI EAHALNCEINT.

WMLUWSBENE LD DIFEMOEN SN0 THY, EHOENEA D5 LItk - T,
TROLEEROZEMENE T Z L1k o T, /0l - BEORENITE 50 TIXRW & HFE
SINTDR, PR ELARBOET NV TITHBRITH IR -T2, LA, ZHEHDOLEDTN,
BLUWDEE - EEREAELTWVD. ZOFEERE, RIKOZEMENER IR ORI KIET
WEAZERT LB, HERARBESATNDIEEZLNS.

B, BB CHRKERRL ZHAITHONT, TRDBLMERA~DEREDELVRE
LIRS THWAGAEICOVWT UG Lz, TORE, Mt ZREMICHENT & X,
HEMOER ST 0HE-E£EOREZM O IF 2082 o0, nlf-£EZBHZ LETIET
ERVWZEEMR L. UL, BERLRENDEEOSZEE HD 5 & E121%, FIXIEERZ
HEHMREC > T e LThH, ol - BEORETFVLOICE EFEY, ZZIHLIEERD
[RA A2 RSN TE.

(]

1) BB, AHTyIial—rarilbbnie®T UL, VBAEZ LW T Excel ETY a2 —h&hi.

2 Y2V 7 OoETATIE, BEREEEZ2EETESHMOFPTHEFTELTCWEFIEHIZHL - E BTV
BIZBEIT5Z LEEZFHEICL TS, LAL, KDOET/ATIEZEDO LI REIREZB TR, K
RTIE, RUNCAOD T EBEMIIBEIT A0 L L TWE., ZOHEBEIT 2 2H5. O L2, K
TILEXcel DVBAZHLHWNWT Y I alb— a3 VEIToTNDH7d, FEICAMBL»NDTEDHLE0)
HENELDE0THD. bIV0EDE, BHTH2HEICE L TCax B3N D BB, #E
KEIZL > TBET20E»E —HBIZRETIETABNARBYIC 220 THD. BHIOa A NE2X
HBoTTHLEBELIEVWEBZATDDOFMHNHTRKETHING, BHEHICL > Tax s ns
LT EBEEHICL > THERKELLLTHEEZDZEFBBERICRD. LrL, ZOREITY
VT DETNLVERALNICELZ>TVWDL, FHI0&EMBERMTILIICETLEZERTLTCLE
FIEETNDOL - TWEHHMS bW N kbhTLE ).

[ k]
B Ansk. 2004, T7WZER L2 CTHUHAEABERNATE 200 THFMME [(ttsx<ET7 V> TH
o BEtRF~OHG)] EER
Schelling, T. C. 1978. Micromotives and Macrobehavior, W. W. Norton.
Zhang, Junfu. 2004. “A Dynamic Model of Residential Segregation,” The Journal of Mathematical Sociology 28(3):
147-170.
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BAKER T — MR IT AN EE L1EE]
— Abbink Bk D B RIZRBITABROBI—

R Db
(AL FHERF)

([#E]

B AR 7 — L (ultimatum game) D EER S BT A HARIREG O T (307 — a5maelff) &K
SRR ERMOENTND. ZHIZH LT ODOFHB SN, ENHREHTIERW.
AT, PEETLVE, PETIHRWEIITEIET VA2 IER$ 53R E THARDKFZAEXIGICER
ATV, SEATARZE SRR A L TA-. BREICH L TL, A% RRZBEORBR THTFT 5
ISHFEET NVEHTE LR, RYSREESORRII~VA TRACABECHFES L, RYFRESZH
DR AEIZT T AN TE Y REOME S TR EZIFHFL TV, M T 200 RR D
BRHLNTZDOTHET .

F—TU— R E&HERES — A (ultimatum game), 5 H 5 (adaptive learning), 23 (fairness)

1. 13C®IZ

AR E 7 — D (I Tk B REZ — L the ultimatum game) TiE, 7 LA v —1 (IBEH) 8, &
HH5Z0NTEREOSHZHFICRETDH. b LAY —2 &L BT AN D
BEIZE -7 LA Y —OMELEBVIIHEIEND. LT VA Y20 EREZLEL, @
FIIMHHE LR, J 07— L5225 E 5 72 O & Jw#k Backward induction %
HAnsd &, RENISELT, LA —1ITIFELEAE0ITEVEEE BIZIT1IH) 2714
T2 ICRBEL T LA Y2 ZZNE2ZHETIHILERRLICEIND. TORKRIFLEALT
RTCET VAT =L PBEOLNDZ LI D.

L LK 2 — R L OEERIHFFE(Guth et al. 1982)LI3K, KRR T — LD FEBRTIL, #5
T— LR T I E 070 B SFERPETHND ZEREHMBILTND.

Bl VTR RH O A BRI T DL (EDL BWVWORETHET 200 EREFEOE N T
BEzoNdE22T25E) BEHD 60~80%IF /31D 0.4 005 05 < HWVEHELNT, IHE
FEDOIBTO2UTOREEZZITANDDIZTDOTHI 3% TH D 7% E TH 5 (Roth 1995).

COFEEBTAREEBREROTIILIZO 20 FEMSETIFICRINTEY, EITF —LHH
IR & BN EIC K230 E L TE & L TE 7= (Roth 1995). L22LZ 2 10
FIE, BEIROXLITRORKREEZZEZ, WOz O o TRhRENDHLIITR-TETL
—OF T LAY -1 BLO2 O@ELHFEICESHMA, b O —2iF Q) A v—20D
BEUTENC L2 TH ).

VUBEAT O T & 7= ERITEISH S L EEOFHRWAO LS 502 RENICT 5 H DR,

S\
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WEZRDIX, Z OFEBRN O SO % 5> FL B LIZERICR > TR E NS 2L
ThD. FEmDEEO DI, MIGHTFE & EE 2 IO L - EREITOLERH -
7.

Abbink et al. (1996)(2001) D EBRILIZ D BT OHER T RXREHATH L. A&,
Abbink 5O EBREZ AR TERLZLOTH D, RO KRBT Abbink 52 LHET25HL0TH
o7, L LW O0OBEHETERWHELALNTZDOT, TRElET 5.

2. FRATEBR OB E

2.1 RS

Abbink, Bolton, Sadrieh, Fang-Fang (1996)(2001) D& 2 #AfiT L TH KL 5.

RHEEREYT — D FEBRICE D 2 B IT BRI D 7 — L5280 Tl L EEo 7 L A
EOHIEENDHE LTS Z LTk B0 THDH. Abbink HITHKRKIEE S — 2B
Ty 7 — DAY R RN T 525G 2RI T2D, UTFTO=20REXB<.

Pl: 1T4% O X EEHT, KAKOLSBNFELESL - L
P2: 1TAHIL, HFEOBEL > TS
P3: 1TRFIX, BHOOKRMERITAZHETRDDL LN TED

T EEG T — LERBENREBT DLWV FRITRO X D ITERsnD. L1 v—1
ERDEIICEZD. TAY—21F FRENRDIRNE D ZvIE D ZifTe ) (PL, P2). /N4
ETLAY—2I125%Z, BOVEZAZOLDICTDHEERETRETHDHPI). LA Y¥—2 1%
FiEWR S ThaZitEd 5 (PL, P3).

BEMRILTIL, b A Y —2 0, REYERBRIIKHT I ARFEEMO T 57201, HR
ETLHEVIBHAET L. AP -1 bEONR N L AN TEAHERES L
VWMER Z S OD TH 5. FFIZ Bolton(1991) 138 47 O A LLEIZ K » TZ ORFELAZRBL L T
W5,

2.2 TSI F B ARG

HIGHFEGETIE T VA OB R2WE N RERE T — LB T 21T80# LS. Z0
BRERIC I D EE e MF T, Roth & Erev(1995)iZ £ % & @ & Samuelson(1997)i2 L % & O3 &
L. BEFEIZOVWTUTAK - &H Q002 TEEZED TCELE L. TRENORCRR 2%
BT7NITY ZLEHNTHNDLR, EAMIZIXIZERCET LV THD.

T BRI IRTEE T VA V=T O T — L TIE, EOMPEIRE T LA T D
DATHONTO EH7\] 2R TWDHERET D, F—L2ABBVIEINDZ ET, ZOMnI
HIGEREEZE U CEREIND. BEREIEWEOEBE RIOF —LTOD) /75—~ AT
FLTWD., 2F 0 EWVHEEEOLNAMIKIT LV BWEICEERS LN L ThHhD. £
DFER, T A Y =212, >THO_ODEE, bbb 7 LAY —1 15 DEWAEEED R
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IRDZFHEDFE L AR EFEOIRROZFEOEE TiE, BEOFEHOIZ O NIEV. FiE O
FEOREVAIBESGONINL THD. ZOZENT LA T —1%, REERBOERND,
TULAXY =2 IR T AN T WVEERZORARA~LANDEDL Z LIRS, T72bbIE
ISEVFEB AR T, EBEOT L AR T 20 (7 LA Y —1 BNESOREREL 725
LOREMAE LD L OB ETHIEIN, A Y —2 NREERREZHT DRI Z 72H
THEOEEN ESEREN) | 20D LIRS,

F LD L, WINHFEEIGRIE, BRI D OB, PLAZ%ZIT AN, P2 & P3AZLITD
IIOCEERELIZbDIEENH) Z LT D

P2*: LA —II A — L DREIE, W ONDHMPEERIEIZ OV T, 222 LAaOEm
(propensity) Zf-> T\ 5.
P3*: LA Y¥—IX, P2*OfHA % & 5.

sER¥Ifr L g Uiz a, BEMRIUIP2 L PIIEZOFHICPLEZLUTOL ) ICEEHZ
bDTHD.
P1*: tHF (LA ¥—1) SHBLTEFITNESNWT =T LG bNRNEE, LAY
—2 XM FE A HERVINED ZiFde. 9 ThWied, 7oA Y—213H L ORENKRKIC
D XD BB S

BEVGH TR R T — DB DT VA LT O X D IZHAT 2. ZHTEERN R ER
B AR L IEIER U HFE TR ST b,

TLAY =117 VLAY —2D&fFE2M>TWN5 PI*BEWP2) . LA ¥ —113FE0
BNEVY, LAY -2 OFFHFAORELZTHZLa®ES (P3) . LA v—21FZh
BT ANRDS (PI*B L ONP3) .

DRliRE7p | 238 & THEEE 2 | EET O ITIT, R0 B S TATEI A W = X ABNFET D,
ZDZEN, ZTO200MMERSEITARNEIT) I EARRETLIETTHY, T,
Abbink EBROBX T2 L ZATH L. FERBIIHMN I A T I 7 2 HAT L (P2 - P3
Z P2* - P3*|ZiEML) 23, BAE 7R A ORISR 2B (PL) OFEEMGEIZREEES LS. #E
WRLXZ KL, A Y —OEKICER 22 2% (PL % PI*ICER) 23, e
BRI 7 7 L — LU — 7 TITEN A FLR T 5 Z E RN A[RETH 5.

23 FEBRTH A

Abbink EBRITRAERE S — LA BEMRMEE (K1) 12O L7 BT, REREREZEAT
L. Thbb o0 —AFE({reat) D EL L RITHOILTWDDOMNICETAE®RE LAY
2T ETLHOTHD.
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5
TLAr—1 5 0 8 ? (BEART—LF0, ERGES—LTIH0)
TLAv—2 5 0 2 0

1. SN ICFHEEE D HDHE HHIEIREYS —L (cardinal ultimatum)

(VEARF — L BATERICERT S, A Y — 11 %5 0% (a:a=8:2) |
H LT TARYEER5%E (aiae=5:5) | OWTHPEERTHENTES. RIZT L
AY—2FINEZHET LN, EETHILENTES.

(2)Ei72 L4 —2 (impunity game) : il 7 — A, T LAY — 1 NARYESEZRRZ LT
BE, TUAY—1IIRECET X TZITIMS. SHICZ ZICABREREEATS. 2
DI HTEDEINENTHD. 23T LA T — 2 DAY ERIBREIEH LIZSHA 0,
TrA Y —1DOFFEZRI T TH 5.

LOOLNTWRE - BIZITFANCLLTOL S RiFWME L2 5.

Q)2 DEIZT L2010 O WVWTRNTIRESND : REN T LA T HH5 —01T
ERTF =D& LT —L200NThnTdhy, THET7 X AZRESTD.

O)?2DEITT VA Y —2ICDAREZ LN THROLT LAY —1ICEBEELLD S —
LETLALTWVAENZONTOFERIZE 2 LU,

OFEBIIME DT — b Zfid TTV, ZEMHEFIIRELEDL Z L. —ERWBLET LA
Y—LHRTLATDHT EEF R0,

(d)? DIEIZ—FOEREZE L CARETHD  RFITEAS — LB EMED, b LT
SR LT — DB EATENT VAT 5.

(EBREN —E L 2 NI EENL —EIOFERAZE L TRE: b LHEHREIXTER:, 71 A
Y—1D#H, bLLITT A Y —2DHLERRTDHZ L.

OB 7 VA Y —IITERK TR, V= 2OFBIE U8R b,

Abbink 1T Z DEBRE LR — LD R, il LT — ADHTEIEIS FE(session)T 21T
S7-. ThELIE, Abbink B LIRS, —[EDFEBRIL 16 ADO#EBRE NS L, 8 [H(8round)
D7 — L% 1session & LT LA L. 4 H lsession DHDENITdH % . Abbink 8k CTlI#k
BREFET 160 N, FA Y DORF ORI THE S HRERG DI A EFOFH LT 7.
PR F 1THE /R S VTS5 PT & BE ] C 1session DA D EBRICB N L=, 16 AOYWBREILT o & A
T LAY =17 LAV —2ICEVIRON, ZOBRITEHITEZ O, FEHBRILPC O
HIZK L EFREDOY ) —DRINERIND. A A NT T a0 OFEMIE Abbink
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et al. (2001)® AppendixA (2, 47 — % 13 AppendixB IZHH ST\ 5. 20fEIZ 7 L A ¥ —2
OEETIL 0 HDHWNE 10 EHRENTWD., LA =1 & RTL02% T TT LAY
—2 2NEE _ETEINAZ LT lround 234 5. 8round T LA 1K T L, RIS a0
WERF Kbz,

SERBB O TIEZ OARZEEEROEANFENLRBERE LAV, 2877205 2 Ol
X7 LAY —2 OFFICIIRBEEZEZ RN LTHD. @27 VAT —2 OITENCEEE
27203 TThb. EehiE, A Y —1bFEL?2OEEITEBERICAYEREREID
OFEBEHHETE S, LENR-T O treat DFERICENH 2 VI T TH S.

TIHEISHEE T T L EEEET L TILE 9 D

EBROFE1Ey haeBEZTHD. ZOLE?20HEICEADLDLT, LAY —1IZIERLY—
LDZRZDZEND, 2ZTOT LAY —1 DT LA IIFERFIALON2NETTHD. —
FHTA X =212 DEEZF>TNDDOEN, WISHFE RIS ? OIE7T LA v —
2 DHIBHCHBELEE 2720 T THDL. PETT LAY —ICEELZEX D037 LA DRT
F =< ADBE (BOR_RAAT) EnbThD. RICHE2BNLE 1 ROEREEZEZRT S
DEMNL, ZITHLELERFIEVVNIT THD. TREE @EHFEEETLTLIO D
D7 —LDOFERITENITRNENS Z LTk d. L LEelEmoi@E ek, mr—2akt
RKELL B> T0BITTTHD.

Tk L CEETET VTS — AR EREN N2 Z L2 PHT 5. Sl L S —La TR
LAY —2 DRBERIBELZRETH L3, BEE L THEELRVWET TR, Thiex
HTDHED LT LAY =111t TIHFBICR-TLEY. L, A Y —213%i%E
BIRT 1T THD. WoT, BAF—LLHEBELTEHR LY —LAICBWT, 22BN L
DEBETEDLLOTEBKY LD, DF Y EEET VB W CTIHEFOH RN EEME A
Ho.

3. BHER

3.1 EBROBEM
Abbink FER O FFELIT 2002 I BIE BT R & BA R TITbin . Bk 2 0 R4 ER
&S

BT, @0 EET VO FMRE OEK T session & 2 fFIC L7cERE, BTV
AT D701, A EEES A EEICE T 2 EMHEEEZ I Lot 217072, 2
NHOHF LWHERIZE L TIBIRICEM Lo THRITEIZT 5.

Abbink F2B% TliX cgi Tlid72< 77V 7—3 3 > (Ratlmage software) Zffi [ L T\ 53,
BRTEIASZOEUEROMETLZZBE LIZIEFRCANED cgi v 7 7 L% CEiETHB L.
BRICEELTCE LV Z =R ETar S L, Ly Z L =N EICHES
7= 2> 731 Z % gee version eges-2.91.66 19990314/Linux (eges-1.1.2 release) Th 5.

BRI T 8 EAT 2V 128 ADWERE 2 s TIE/2 S RFD T A A FEED FHE 2
WoTHEHE L (T—X XX b THE LOIAOH 7= 1 EIZERWZ 7 [0 &2 5T AV
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7). BALHUR R E OIS, EBROADBSMOEE L 725 TV 5 Q).

% session DL U OIZ, #EBREIXA A RNT 7 v a v &iATe (Abbink 5% H ARIZEIRER
L7=bo) . 0%, BREEEARA L (oY y FTHEALZEB S HEHE) . HEHRiE
MENTREEZ OB CHA L., HBREIIS LI ETRESEFFONICER L, £HODF
B LR ERE T — L& {T o 72, Abbink R TIX/ —ADOKNSEEIZHL D2, BRT
S E L (F%) | REFIROMEE A7 Y —0 ETRRLTH DB REEITIT
FARLTWARW., 1 8% 20 & L, AR 900 [N % 7=, Abbink 8 T FH A4
#1X DM18.44 (35 X 2$14.75) THrERMITFE 45 43, ZHIZKH L THARTOBERA T
BN FRIE Tsession § X T ORI SFANVER (EARKG & T) 1588 [, FrZEFR X %) 60
1EoT-. Abbink HEERE B L0 T TV r— g VR WL T T <, WERIZ PC
TR EHEHZH N2 L TH50).

32 WROBE
BRTIE, B ORKIERT — LB IR EREZHESF (15-20%) (Roth  1995) Kb 72
NEWEL RIZAS>TWA. LLF, Abbink B LB O R OX AT,

?7=10 0.0% 1.7% 3.5% 12.0% 12.3% Y 59%

7=0 3.4% 16.1% 25.0% 25.5% 27.8% Y 19.6%
?=10 0.0% 2.8% 11.8% g 5.3%
?7=0 43.3% 45.5% 65.0%  72.0% 1) 54.6%

WA D —ATHS Abbink FEBR DO EAE (4 session D FEIE A /NS WIEIZ 72 5 X_72)TH 5 3).
Abbink & DFEBRTIX, Z @ Ssession D ¥ treatment ] (?2=10 £2=0) THEEMN/RW &
T L AREIEFER S 4L 5 (permutation test A7l p=0.020). [FEERICAMIE TH A EEN RV ET
2 IREIFFEAN & #u 72 () p=0.000).

2 B XU 31%, HGmSCK 2 1Y 35X %, Abbink EBREBRTHELIZLDOTH
5.

o .
.‘.‘.”.-‘“- /
(] _ R

o <)
[} ©
A
\

—e&— ?=0(Abbink)
- - -®--- 7=10(Abbink)

o
S

o
N

cumulative proportion of second
movers

o
o

T T T T
0.2 0.4 0.6 0.8 1.0

unequal offer rejection rate

o
o

2 TA Y2 OREFREIEGR RO REEL (Abbink FE5R)
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o
=Y

—e—7=0(RR)
---0--- 2=10(HE)

cumulative proportion of second
movers

0.0 0.2 0.4 0.6 0.8 1.0

unequal offer rejection rate

3 TLAY—2 DRYFREBIEGROBBEL GEBR)

B2 L3 ITT LAY —2 DRBERZEIHES KT D0 OME NS DN Th 5.

2B THEI. LAY =2 DEERORBFEEHIT=10 DHEIT?=0 LV L&, 72
B, LAY —1NORENTEAREERED 20%LL EEEET 25 D1E, 2=0 DAL 24%7%
DIZHK LT, =10 TIET LA Y —2 DO TN E%IZT /2. =0 DHFEDT LA ¥ —2 DIF
9 MIEDEA N & < (z-test 1l p=0.046), VA E &V (z-test |l p=0.013). ?=10
THEAELEANIAD DD 2 AT NEHEEH L Tz, 2k LT?2=0 OLEIEL 16 A
DIEGRD 5 H 9 AR EEEHEH L Tz,

D Z L %X 3 (BR) THTHD L0 DA ERNRKELEHIE-TND I &
DEEIND.

H ) —ORDHEAHRTHE S, round T EIZHTED T —L25%E (LA ¥—1 BARY
HREEL, TLAY 2R ENEZHETDHLEVIMAEDYE) OHETHSD.

—@&—— ?=0(Abbink)
- -@- - - 2=10(Abbink)
100 ~
.8
S ]
E 80
o
5 60 |
€
[0}
o
%5 40 A
=
.9
5
é 20
o
&5
0
1 2 3 4 5 6 7 8
round

4 FEEVIWET LA O (Abbink FEER)
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—&—?=0(AR)

--@--- =10(FF)
100 1

80 - R

40 | o

0 N "

proportion of perfect equilibria

round

X5 seeffi7 LA OLRGER)

4 T3 _Toround T?=10 DHFAMN?2=0 LV L@V, L LZ DL round DFEIT 72
HIEFEHEND XD THS. Roundl Tl treat M D ZE 1T HIME TIiX72v (0.65 & 0.60 TENE I
40 Yo7 v, Frfl p=0.322) . L2>L&% D round8 TIEZDEIZIZ-Z D LT % (0.83
& 0.63, Al P=0.023) .

X 5 0EROGE L FEIC, 33To round T?=10 DFEN?2=0 LV b EV. Z 0 EITK
WD round 2> B IEEERIIZ > E D I TER Y, %I D L LD HIYEDX 91272 %, Abbink 2k &
BROEWINWLS D20 H 5. £TH [ H THEKTIZ?=0 £?2=10 TEEHHE 7 L A OLRN
MgV R STNDZETHD. ZORNHIE, BEETANRIFEINDLZ T TR, =10
D treat IZH T HFEN RV PFEICALND L) T S.

WIZH 6 EHTIET LAY —1 L 2DITB A BBELT-bDTH S.

100 1
80 - —@—— First Mover Offer:
?=0(Abbink)
s 60 1 - - -®--- First Mover Offer:
£ 2=10(Abbink)
Q
g 40 -
a —&—— Second Mover
Rejection:
---A-- Second Mover
Rejection:
0 ?=10(Abbink)
1 2 3 4 5 6 7 8
round

X6 1AV —1DORYEREL T LAY —2 OIER(Abbink F5R)
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100
0..
80 1 N .". —®&—— First Mover Offer:
’ ‘o 7=0(FR)
s 60 1 - - -®--- First Mover Offer:
£ =10(RR)
S 40 -
a —&—— Second Mover
Rejection:
20 7=0(FR)
A- oA ---A -- Second Mover
AT Ak LA Rejection:
0 ; ; ; ; Y ‘ 7=10(R[F)

round

K7 TLA YL ORYFEREL T LA ¥ —2 DIEEFGER)

6 CTi%, ?=0 TOHERITIT round ZFEAATH trend LA SRV, —52=10 OLA XA
ZENQDL T EICHESHEANT £ > T X HICHZ D DHEHBIICTHE TIiL 7V (Abbink et al.
[2001:11]).

FE—HLT?=I00LEDIEIN=0DEE LD bEWVAZEDEIT/NE L (86%& 81%)
HEHICA B Tl 72\ (Abbink et al. [2001:11]).

ZHICH LT T OEBERTH?2=0 COERITITEEBIIREWH OO, round % E1 T trend
XA B, —2=10 D & X :UwMM%%EH% ICHESEm N E > T < Kok
2D DEFHHNCENL TIE R oo, A Y2 I0iZFEERALA LNV ENI ZENRZDK
THbWNXZEIHIThD.

=0 DL ET LAY —1® trend (X Abbink FEBR & RV 020 To& Y EFLTWHWDH LD
IZH R D, # U TIBRTIE Abbink D355 X0 &, 720 DA L ?2=10 D& TIEZ LA v —1
DITENZ R ERBEVWRAOLNDE NI ZETHD.

ZIZETIE, 720 £72=10 TOT LAY —1BILOT LAY —2 DITEHZW L DD TR
EREBVWADHDLZEEZR LTV, T2bLEISHFE CIIREIRE S — 2 OEBRBEROT

A TE RN nH 2 ThD.

LU 6K 7 CHEBMTIERWICELRALLD trend NABND. ZZTTLAF
—1 OFFIZONTUIBI DG 25T 7 e —F L TH L H (Abbink et al. [2001:12]). #7 a2
BIX7 VA v —1 Dt BHOE (RY%ERRE=1) T, Zhz t-1EETOT LA EECTH
ELIZDOThD. BEITRO AERTHS.

Rici=t-1\HE CTICABEREEL LT, LAY —2nbEEIN=EEK
A1 =t-1[H B F TICARBEREZ S LT, A Y —21C%iInzE%
Eivi =t-1HH E TICABEREL LT (i) B

Treat;= ?2=07251X1 2=107251X0
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Abbink & OEATHFTRIZHEV, $RERFE | O EE M (heterogeneity) Z#t35 7 > & L35
EMZT=7 ey M aiTWARAFIRE LB EORR CHI 3 28508 7 L& H#f
L. BEHITEFH 56 A5 (Abbink 5 DOFEBRTIZ 80 N) OT, RbHDOEAMDZE
Bl BEE LT WEBOMRE ST 2L ERH LN THD.

Abbink F—#2IZ& 57 OE VM T D#ER (BER)

Parameter Estimate Pr>|t|
R -0.49 0.030
A 0.26 0.000
E -0.04 0.782
Treat 0.05 0.862
Log Likelihood -218.2

# 1 Abbink BBt v vy hybr CAKUIZ K 5 )

Abbink FEBRIZBI L C. JEBEEIZE T 2B ORI O/ FILHISHFEET VO B I
2o TNDN, Ej v ODREIIAEE TIE e o7z, Treat Bl COZEBRNBZN EHERE LTV,
BB ZOMIZAER B INTEZHET 200 HHRLEETH D GiXoB#EE s p iz
nZr, R= -0.51[p f#=0.003], A= +0.26[<0.001], E= -0.01[0.916], T= +0.05[0.862], Log
likelihood = -218.2) .

BART—AIZLDBTAEVR I OIER

Parameter Estimate Pr> |t
R -0.3975 0.0536
A 0.2592 0.003
E 0.1488 0.1738
Treat 0.5352 0.1335
Log Likelihood -250.30

*2 BROFovr vy MO

BRTLERIC, RYSERBIESORER R, X~ A T ACHERICHS L, RAVRER
OB A I TAEEICT 7 ATV, A Y —1 OITENCITEIS N FE RN A LN D
EWVWS T ThD. EE LETHETIIAFREEITAETEROBFEEN~YA FTATH-
TEREEERTITIT 7 R0 T (FETIEHRY) . A v =2 blHE SRR
X7 LAY —1 ORYEREEZHDEE, T AV —2 PARYERREZZHELEZRRIT S L
AV —1 DARHEFERZZHMESETND.

FDSHTH B D L REFOITBICE L TRTRLE DR X REVIEZHTH D).
(1) BREH OWERERS .
(2) JEEH DIEBERNE .

(3) Treat BENNTW D ATREMVED B D (7272 LIEEIAIICAH E TiX 2w p>0.1) .

(1) & (2B L CTIEZ 5512 Abbink 528k & D LEEIT TE 72, HHWHIESRERIE K/ 2T
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WS ONDFHERHLNDND THD.

OUZOWTIEARIDOT —Z SHTIZITE Do 720, T2 3R TlX treat O E N
FHCAEIC 2D 2 ERBIRINT. BREDOFRNLE 2 D E 2 TEs S (adaptive
learning) 721 T2 <, 7 — AICBET B 5 &% M L7=%%% (belief-based learning) 73 % &4
W) ZLEERIRLTND.

335

BT, Abbink EBRO MW, TabbA) T LA Y2 RIS RE I T E
RUVMTENIZ LTS, 7272 L7 LA Y — LIS FE 217> T\ D 2 EIER T X 9 I
RN TETz.
RERFOHFERERVISEFOHEEFEOMIEIZON T, BEFAETHEM I TWD X
LR Z R E D Iy, BRT P A VR ERICHE —TEAVOTHmA T2 &IXTE 20,

LAY —20 & ICEALT, YEFEOQNFIEICET 2@, —RAGEEMEZR &R
BBRLTWAOTIEH AW E TAEL, BRCIE— O EEAEIE» O AN EME 2 BRI E
IZEkoTsmATWnD., IO ABEOERIZL2HEL, 70X LRET NVICKDHEE
WL AEEF LY7oy N ERNZIT /5T,

T LAY —1 O FEEICONTIE, BRTRBINTZ, 7 LA ¥ —1 O belief-based
BEF ) LGB ET L OREBBRFNLETH 5 5).

KDL HBDFE LTIE, LAY —2 DITENIFEEET L TIERW [EE | OME,
A Y —1 OITENIFEHET VOREILE WO FATIEE L WS Z LT dIEAD

ZOF— AT ARGV OBIERE E L CHEBETRES— A7, ST VA E
AL TKREBIZT—LZOLDORAZI O > TWV5. BEOEROBFHLER, 7 —4
D REIGHOMBENNEZZH L LEEBbNS.

(]

(3) B A7eMrge & LTt 4 2 i Henrich (2000) TlE, ~L—0 7 <Y > OFFFE R Machiguenga Indians (2
BEIBER T — A28 2 b EBIRWEE R3S 5T A . Machiguenga TIXTFH ORI ZENE TD
EBR LD LRV, AT 40 7 U3IFIE 20%IE T, 15%ED LIZ LIS I AN D EGRRITIE
WIS oz, 2O Lo U b Mg E S Z 2 AEH M L TV 5 (Henrich, Boyd, Bowles,
Camerer ,Gintis, McElreath & Fehr 2001). = 9 L7=Z 2R T3 TEICAFEER ) & TBERH ] oxir
T~ AF—REE N TLW., £, T#ERE] —DEoTh, LAY —2 DESTOAI=XA
2 TAEHEREE ) 2o, TRE] 2o, 774 K1 (B 2003) 2Oh, REWVW DL OBE
LN D, ZNEDOFHIXOYV— T = A (FHIEOEA THIBR L7, L0 AREMARRIERLZE LTF
K7 b= (1998) IHRHEIBES—LDICBT D7 L= V7RO ENS, FEAERO
HEARBEZ DS OB L WFEROHFEE L Tn5b.

(4) Abbink & B TIXEE 1 % 50pfennigs (H A 72 &40 20~30 1) ICZE# L Cibhiz. Zhicsk
Ho TIERTOIWE, BE 1Sk LT20 &Ko7z, LA L ZAUERd&E4 900 Mz TX
HBohfebDThsd., RECTOBEEOBIIKEEEEZIHRERIER OB THD.

(B) WMRKDOA L H—T =2 —2AEEFETICEREITIICE, DRbNITEBROZOICEHBICFHHTE 50
KELEE AEOERIZI6HR) AELR2TNEZRL20. ZRIERFZOFHABELFE, LH
JV L7z http —NIZHEBRE DO PC 2T 7B ASHDLZEETEL TR, LrnLleXxaUT 0 - R
R PO LV FAREIRIND Z ENEL, BRITHEROBE, 1 ¥ — 72— A5 #WES
Dweb 77U ETRHATLZEE L. BEMAISN TODEHERICIZIZEA L web 77 7 ¥ MH
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MMARAENTRY, EAMIZITI web 77 U RV ELTHHEZIZEALHEZLTND., ZOEET
VEEREEIZ CGl 7 u /T AR AT S himl 2 Z<K 8L ET 57200 Th o7, BRMICITERER
DETRHBIZH > TmRRICEEL L, — R EEETEO web 7 7 VBN TE 720 html % 77 (b
bho7a 77 M CONLFHLTWARY) 27 XA NT 575017, 2L T, #BREFoEER
BICRD & D RISEBEREZMT AT T2 A, web 77 U YRR A AIEREHEEFLF-TIoN
LHOR] . ERBENMAEZABZET L OEBRELNENCHEL T 5120, bhubiid#bag & 5
LT DR TEREZEMT DI ENAREIC 2o 7. HBREICLERE L LTy MEEHE BRE
@ EfEEl 100 M) X o728, EHEEMOFAE, EBRZ21T5 ETORKNERY AV, S HITEE
BErloEEELL I bOE L. BRELT MELEERVATAFIA VXY —T=z—ADa b
—NVEER)ZERL, AAINT p—< U RAEBEMEICBWTREFR LD Lo, T R
CGl 7urZ anFEFT20bE, BHEFLETEHET LA 04— T =2—AFMEET LS. ZOER
AT KITHIBR D LN IR EER SV — I B e b O Th B

(6) JFimXOiE Y ZE L THD. FHik LT — Z 1T Abbink et al. (1996)F X T8 Abbink et al. (2001) TAFK Sh
TWn5.

(7) 7 v A Y —2 OEILHIFE X Abbink EB L RERERTL Aol BROT — ¥, BB Pt X,
Fa sl s ny— 2 TEE L.
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TOBERIT, ARVl FOEBROFEREXICELLEAS>TVET. AT Y27 MNCBWTHEINZZMO
HRHZREL TCOWEENEA U A—CBILER L EFEY. EROT v 77 M3 EER (RRHKS) & 3EFECF
KLELE.

393



TTRIEBOMBEERICEE T 5 58
—ERRE - SIcE SN T—

T
(BERZE R )

[EF]

WA, MRISENIERIEL L TETWa. MRIGE S IIERYTEREZ BIIZ LARWTTRIC L 5768
L, A7 07 4 7iE#E 4D, NPO, NGO, HIER/ CIRAVIEEIAEEN 5. K80 — 72
EFIC TG BNEEN D0, ECHIEICHE SN2\ B B2 0ES) 2k S8 5 ZRIC >V T+
FIRBRFR 2 EN TR, ZZTARRILTIE, TRIGEHICET2EMMEL L, HEIOMkE
FICB 2B 52T o7, BARMICIE, {EENCRE 59 2 HERMOMAEIEH Lk O BB EZFAET 272
O RIEB~DS5HExEmL, (1) #EhE L ERE, Q) EhELEIEOHEERZN 1
07 AMICIEYBIE L, MEERICET AEMEER Lz, ZORE, ()IFEISINE OITEI S NEM
VCWETHD, QEESMENIFEEE MBS NHHRME 52, &) 2 FRD, HEIOMkE 5
% RAFE T ATREME DS RIS Stz

¥—U— N TRESOME:, ARHM, &, WEHOVE, HRHEA

1. 1ICHIZ

A, MRIEBAERILL TE TV, HRIGE &L ITEREATERZ HIZ LWTTRIZ
L BmEEIRL, BT 7 4 TiG# & 44D, NPO, NGO, HIAE R FIRILVIFEI NG £ 5.
MHRIGEE) & 1X, TRIC K D A%, MM RtSIEE <, BFEZ NS LRV LDEET
D LEbRAERIC, HBIO —RIRERITIE ki) naxhseng @ @) ¢
O DOIEEN—FF R Z OHIRY OBFLTE L, BRI UL RBMENDHFEITRD
TEBRDOLENTND., LLEDO—F, IERHEICHE SN RWVWARRIEE Z kI ¥ 5
BRNIZOWTIERZICHFAZRBRE R 2 SN T, Blx1E, BT 7 4 TIHEh Okt
MRV A A LRI, —E0WMA S AD R, BEOH D, ke, k7
EENC SN D EENH D (FE 1999) ZEE2HENML, BALIEIRT V7 4 TiH#hE EH
e 2 NZBRTERED D REEZE TV D EEETWD Z EEH LI L (EA, )1 2000)
2, AEIEEBORA N TE LT, BEIXEH T I2HEADORIED L ThoTz. 22
TARMFFETIX, BV FEONTI o ERMOMAEEREZRY EiF 5. BARMICIE,
EENCBINT BRT o7 0 7O RNFEM & T 5 BRI Z A L, 1RIEES O ERN % %
HL T ZEET 5.
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2. MAEITIE

2.1 MEFIE

IEENCR 57 2 FARMOMAIER Lk OBRERE T 2720, 2 H5BIEICLD7 1 — L
KU —2 %23 L. 2H5BIREEZRA LD, BFORT T 4 THEO FiEE LT,
T4 =)L R = NERIZRY 22855 (Clary, E. G. &Snyder, M. 1991; & A, FEJI 2000) ,
T — FRBRREMNRBEZOBIZIIAME TH DS (ERE 2002) REDHBNL TH
. (LT, B AMOALRNITTXTRATHD. )

2.2 74— VEDER

1. MR 7Z2TE BN 21T O 72O I2iE, MM 2EEBA LI d 2 8, 2. NOHAEER%
RO RIZL TWDHTD, KOEEMNICAEAMEHALLOWEH THLZ ENEE LN
L, REOBEMIZEY, Wk 1T FEOHRLZHIEL CHRAHEHLZED 5 A Rortamut
ENORSLBSG 2 7 ¢ —/V FIZIRE Lo, IEAARIL, HiEEEHSEIRR T, @i
PEMERY & M AEIE X B v 4 — DR T ESNTWND.

2.3 IEBYDINE

WEOREFIIB BREFOFHIATHD. MENARAMXIIEELTEY, Lo
RBEELZITONDEE D2 LT, ZOMXTHMEEE OFALMGK OREREZELZL TV,
UL, A TIIEBERORHIZEWGTEORITEZEET 22 Lickhd. Z0HE, FA
ZHWLT, AROBHIX THESMHHEANZERE L TV D/IKREAERBIIND. MRS D
5, TRAUBHMXT—FIZEEZ LELLY ] EFEZNTONTPTHIAL A#MKXNS B
XA~ ERSN T EMEZET L, /MRS ADH O T, EANDOFESLIEE S ARG S v7-.

2.4 {ERNVNALTEEIAL N —

74—V RS YEANOBRSLOB” O, Fi-HIRENEITEE M CAEMICE
HEXTHDL., COEWEOEREZFEHEEI—T 4 7L RBTHN, ARIEA V74—~
NTHDH. =T 4 IR EAE, 77 IV —LV X T, BENE (AT, 6
FDBEICHEE L TV A @ukiisk 72 Ehkx T, BERFMORICRE > TR, £/, 2
A4 VT OBIITERI S bEER D VRV L, R ONKLEE FIELS OGBS £ <
Tz,

T4 RICBRGT DA A=, BEOTHI A LIRS AEZPLICL THEDS Z LY
BANAT, BEMTIERD. 74— b RO A N— L, FIEHFITMOE0O T2 A
WEETHIANATHD. WHEOMA - KNS, REFESFTE, REPTIRE e & 23%
BLTL 5. 72, WAkhisk OEEHESCIME N A Y AN—HICFEET D720, T OMigk % FIH
THANLZE T 4=V RIZBEET D, KFETIE, RODOALXERETT 41—V RO A IN—
ELTHEZD.

IV

=
)

p=it}
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AHFZETIE, 20034E2 A226 10 HOK 9 » A OIFENEEZ T —% L LTHWD R, Z
DORENHFFEZ N7 4 — v R THE > T2 EE OBIT KA 12 4T, NFRITHR 104, 47
BB 24 THL. RO B, IEBPIHIC—EI -7 4 7SN LELETOBEBI AL,
KRR SNTemi I S 2 W, R0 842 FEA L R—LRBTD (K1) .

A BEE
mR TR

Ba

B 1 HRBhE Ak

25 AEFE

FHAIIMIL 20034 2 A D 10 ADK 9 » AT, REMICHES NS I —T ¢ v ZITHI%E
FRHEDZM U, KEEIZEVWRETIZIE 1T H (8 KMREE) , HWET 2 KHERETHS.
WD TOSNMIL 2003 £ 2 AT, LU, AIZ 1 B~2 HOX—2THEHCEMLE. &5
DHFTIE, WFEHE S b IITIHFENITSMT 5 active participation ¥V T, IF#HIIEILET
— B EAETHICED, REBR T Ty 7 b EFAL7 4=V R/ =Y &2 7. AR
ICITEH ORFEORBBH LT, NOFTA v T r~— e A A E2a—%{TIHLH-
7.

3. AEMER

MEREHICSML TEZ R T 2R T 7 4 7T 23, BYENSOIEEZ TS
AN THEPOFEFICLY ZEEHLELTDHAN) 2EEHLERL, (1) EIHELERY
F, () BIELEMEFEOMEMAMNZBIE Lz, BIF L ERHFOMAIFEM IV T,
BEFWN D OBIR L ERIFE WS OBRENEZOND D, AR TIE, BIHEMLS O
BLEZ D FH T LTz

3.1 EEWE LEEBEOHREIEM

74—V RTCIE, & L ERIFEOMIC, LK E NARMOFAENBIE ST, LT
EEBVE OW RN, FINEHRE O LRI, EIEHOSFECEE & ERIE BB
DIRY DR NSRBI NTZHEDTHS.

ek o B

KIEENCEBE LEEEERA L AN—DW L, ROBEY ThoT-.
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ZEALN—DER (B B BrEETDEHEZTEDAEDEDLY)
INR A - BRESEO-ODELARRZEE. FHESOIRNZIEZS.
hH: AFERELE BHEFTOSNERAS.
WH: FHHEEERERROBE. FAESERASIRAN:.
R /DIMOBROBE. BHEZEOHNEIRZS.
EH ER BHEZFOERNZRAS.
A MMEEEELERREEE
INAKIF HFAEHEAERE. BEIC BEEOBUBREHRITLTLS.
BHEEES 8 &

b X5z, RISk SR & R E RO ABEEIZE ORI HFEL (63%) ,
INHOHEDN, BEEMES~OHBIZ SN VEMEOTENCHELRIFTL TV DLIENRH X
7. TOXHIT, BOOBEORBRNEEL T, tEFB~OBMP5ISEZINDH0RE, 7
AT 4 ADMMEBIET NV (FTA T 4 & 1999) OF O TEEIG GEf) —SZRIE (E
AWBIZRFER) -8B G ABIZREER) | Lo r— Tl Tnsd (K2) .

TA T 4 AOFMBEIE T ML, HEMEEOENICERTL2ET LV THD. ZOET LT
X, REE, SRATSRME - R - ANBIZREE R - S AR, LW 4 oY T I —T
WZhionsd. [HRITHRME) L, RAO2MHFORE, Bk, hEfE) &if, A
MBI RFERE ST OT XOBRFFEDA D=L, £ LT MEARNBRRR] &I,
RAMOHFIZA T DG, TRIABZRFER] &%, P L TRT SR 2TEINRIGZ E
L CTWa. MfEiET X, NEfg) < MEANBZRER) LW O EADTORIRR, #
BIRBBEL VWS TEHFEADOASIEEZRET HOICFEHRERZHE WL EEZDLET
NTHD.

4OV T T N—TI120E, ENENFEMRr—AREE SN, BlxE,  TEANRE
F2ix, WATHY, MUTISER R EIERRE R &, P AR E#E XSO0 8 I O JERE B
N 5.

74—V RTEIE SN0, N Zv—7o&E s, MEANREER] 71—
T OISERIE, T ARER] =70 Tho7- (K2) .

FEIRAT X, ADHYOBEORR EHTOBREDRREEOMNIT DT, HTICE
BhEGZTOVLEREICHL LASPHE T HMIEE IR L DD, LERNICHEGBRT )
(TAT 4 A 1999) OZ & ThD. IWEILEE T TRFCHLE, WEORERSSES
FILMEENTELELDOTH L. £, HEPPBEESTZHRVEZ T TWVD 0% RL7ZERICRER X
NAHLEHRZDEZNTHD. ZOEDEAETYH, RAMBE G ITHEFEO I &35
Db DR, HEORBRIZOWTOEENRKIETHD. | (TAT 1A 1999) LFMAS
NHBENIETH L. REOEMIIZSEDOEY T, ho A& 12T Sz Flfhiy 72178 o
HTHD.

BIFEO—NIZL, BHOEHEHEZ, RO LI IZHETND.
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T L, BOBRUSLYS (FHEFEOADILLE) Eolcb, LEXIFIT> TRITRW.
FEMbBAOMLFEL L TE T E, FRx REFOTTY, HEEEH BT 2IEH EIX
—HENTWT, fTELLOEMIEZT TIEIEEEDOANEZ 577 TE TR, L)

RPN HLD. 72005, T OfikzR L XL o EB->Twnws. ] (FH)
STEH BFE BARBRLGRE HANLGHRR
5PN REAFHIFER
EYIRIREN W 1THY
BAZE BEN
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KiRDRE EPN:OE:
RAAI/MBFOLELIE FFREIFRIFER
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[RABIEBIER RIS
EEH< R hE
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EE:3oES aelby HLMEH
EEpES
IRYLG
BEDORHMHN
SEENMNES
BEHIRAMRYET—H
#EIME
2 MHREET L (v—27 cHe FA U1 A[1999] L 1)

b L, BRWBR U (FHEZFEDOADZE) IZo726, LRZITE-> TR, |

EWVWDBEND, KEIBRFOFIATICK DISENIEDORISNHA 5. FIZFEERIZ,

By il

Mifk ZfXSLT 5 ) LD BRI TEI 2K Z LT\ a 2 &b, Jealk o TREIHS (i
) =B (MANRZRRER) —&E GEARZRRER) | Lo REAESHIN

2.

WEICHICHEMEES L ETIRE R A XL, FEOEELZRZ 5 AN LT,
BEBASRISER BN E TR <, TN RIOFRE /I > TOW L AREENH 5 D TR

W2 A D D,

PN 2

7= KT, BB & B R A O AR A8 L, B I PRI R S
DRFPHBS NG, S OWNHERMOGETEE BT 570, BHHE S ERHFIZoV THE
SEEREMNT D, ZZTOBEEMFIL, RENREN TR, FEOHT, LY —
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i s b SN EEFICH L THRITONTEEETHS.

1. J/kH#

[FAlEA, EELDIH>TESALLLL, BADITCEZES>TLARNATHD. I BIToHh
TWBERS. (BBHAZE)FHRNIEADRRCOTNEMNDS, A-WEREEREMBLTITEZLERS
TWa. |

2 HH

T#HALE (BEEEE)DD, BALELDEEZZATHET]

3. EEH

[—DRSUTATDHEZENERICASTLBDILT, BN TERESALRSIUDTATD AN
LR EEIC, BREOKRESRHOINIEV SRR ITHONDEIICHSIZATT. 20D
FOLERREBELT MEICHEERNEL, RADDHBENMIGES>TLDKIITELET. ]

4. gl

[ (EFEEEHFTIEACDOT)ERITHELHENIEF>MYLTET &—. HIEIEIE. ]

BEEO TBhiFohnTcnd] FATWHWSD] TLRENIRD) HEOREND, HoNHE
EEEOHMAEERANS, MLPONHRIMZETWLIERFEZLD. £/2, 4. O B4
RERNZE] LWVWIRENDLL, BETIIRVUNDIFELZIE L HENTE D,

32 BB E LEE O AEER

W, EIELEMEOORNVIZOWVWT, HRARZELHD. FH~DBHEEZEL, #8)
HRIEN LR L85G, EEBICBOWTHNABRBMN AR SN2 EREEI N,
B A

TS VO MEANABZRER] 12, WITHREEma Is2EERH L (K 2) .
WATH 22 0L TR MOFEDRHFOREE &L~ v F LIEEIREARBR L2V, R CEERN
THLMANCAETED T2 X9 2EEMRELZRBRLEZY TBICEEZD) (FA4TU 1R
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Abstract Two apes species, chimpanzees (Pan troglo-
dytes) and bonobos (Pan paniscus), show a peculiar
contrast in their social structure. The contrast cannot be
explained simply by the differences in their ecological
conditions, as has previously been suggested. This paper
presents a mathematical model to interpret the contrast,
through a competition game within and across groups.
Two alternative strategies, dispersal and association, are
applied to the model, in order to represent within-group-
competition (WGC). Two more alternative strategies,
Hawk and Dove, are also applied to the model, in order
to represent between-group-competition (BGC). Math-
ematical analysis is executed for the frequencies of three
mixed-strategists: dispersal-Hawk, dispersal-Dove and
association. The population dominated by dispersal-
Hawk and dispersal-Dove strategists, or by association
strategists, is assumed to characterize the social structure
of chimpanzees or bonobos, respectively. The model
predicts that each social structure can be evolutionarily
stable under the same ecological conditions, and will not
easily recover once it has been replaced by the other. This
stability is through a bi-directional influence: the influ-
ence of BGC on WGC and vice versa. The model suggests
that the possibility of fatal violence within a group
strengthens the robustness of each social structure.
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Introduction

The two species of the genus Pan, chimpanzees (Pan
troglodytes) and bonobos (Pan paniscus), have been
studied for several decades by many researchers (Goo-
dall 1986; Nishida 1990; Kano 1992). Both form male-
philopatric groups in fission—fusion societies (Nishida
1968; Kano 1982). Their social structures, however,
show a peculiar contrast (Nishida and Hiraiwa-Haseg-
awa 1987, Wrangham and Peterson 1996). Roughly
speaking, chimpanzees are characterized as violent apes.
Their competitions are aggressive both within (Fawcett
and Muhumuza 2000) and across groups (Nishida et al.
1985). By contrast, bonobos are characterized as
peaceful apes. Their competitions are relaxed both
within (Kuroda 1980) and across groups (Idani 1990). In
particular, infanticides and lethal raids have been
reported several times among chimpanzees but never
among bonobos (Goodall 1986; Nishida 1990; Kano
1992).

The contrast is often attributed to the stability of
female association which, according to one hypothesis,
is caused by the food distribution pattern (Wrangham
1986). It is said that the food patch of chimpanzees is
small and seasonal, and females cannot associate with
one another because of their strong competition for food
resources within a group (Wrangham 1979). Therefore,
multiple males occasionally patrol the boundary of their
group to guard dispersing females against males from
neighboring groups. Hence, when males or females feed
alone they occasionally suffer lethal raids from patrol-
ling males from neighboring groups (Wrangham 1999).
On the other hand, it is said that the food patch of
bonobos is large and not seasonal, and females can
always associate with one another (White 1998).
Therefore, females as well as males usually join a large,
mixed-sex party, and do not feed alone. Hence, they only
rarely suffer lethal raids by patrolling males from
neighboring groups (Wrangham 1999). In other words,
it is assumed that the food distribution pattern influ-
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ences within-group-competition (WGC, van Schaik
1983), which in turn influences between-group-compe-
tition (BGC, Wrangham 1980), in the two ape species.

The hypothesis of Wrangham (1986), however, can-
not fully explain the contrast between the social struc-
tures of the two ape species. Different chimpanzee
populations inhabit various environments, from rich to
poor. They nevertheless maintain a more or less similar
pattern of social structure, within and across groups
(Gombe, Goodall 1986; Mahale, Nishida 1990; Kibale,
Wrangham 1999; Budongo, Newton-Fisher 1999a;
Fawcett and Muhumuza 2000; Tai, Boesch and Boesch
2000). Furthermore, the environments inhabited by
bonobos are not necessarily richer than those inhabited
by chimpanzees (Chapman et al. 1994). Each social
structure seems to be robust against changes in ecolog-
ical conditions.

One could hypothesize that BGC and WGC influence
each other. Hence, each social structure has robustness
against changes in ecological conditions. I present here a
simple game model (Maynard-Smith 1982) that consid-
ers mutual interaction of WGC and BGC, where each
social structure has robustness against changes in eco-
logical conditions. A game model is useful as a heuristic
device to elucidate the condition causing the robustness
of social structure (Matsumura and Kobayashi 1998).

Assumption of the model

Both chimpanzee and bonobo individuals are assumed
to be variants of the same game model. All individuals
are assumed to use one of two applied strategies, dis-
persal and association, which represent their fission—
fusion societies. Dispersal strategists feed alone. Asso-
ciation strategists follow their group mates. Because of
WGC, association strategists are assumed to suffer cost
Dg (Ds>0). Furthermore, they suffer additive cost D¢
(D¢ > 0) proportional to the frequency of Hawk strate-
gists (see later sections) within their group: Hawk
strategists are assumed to inflict violence on association
strategists.

When two individuals from different groups see each
other, they are assumed to have a battle. The battle
follows a modified Hawk—Dove game (Maynard-Smith
1982) which represents BGC. Their group-mates only
support the two attendants if the attendants are associ-
ation strategists. Association strategists suffer WGC
costs, but gain BGC benefits, since they thus avoid being
involved in battles alone across groups.

There are three battle patterns possible across groups.
If both the combatants are dispersal strategists, the
battle follows the usual Hawk—Dove game (Fig. 1a); the
winner gains benefit V, and the loser suffers no cost if it
is a Dove strategist or suffers cost C if it is a Hawk
strategist. For simplicity, I assume C is larger than
(C>V>0). If one combatant is an association strategist
and the other is a dispersal strategist, the former always
defeats the latter, via the support of its group-mates

00 1P 09
. O . ’ .. O ’

Fig. 1 Scheme of a battle across groups in three patterns. The two
dotted circles represent two neighboring groups: each of them
contains its members as solid circles. The dotted square contains
individuals who are attending a battle. a Both the attendants are
dispersal strategists. They execute the battle with no supporters,
and the battle follows the Hawk—Dove game. b One attendant is a
dispersal strategist and the other is an association strategist. The
latter always defeats the former with the support of its group-
mates. ¢ Both the attendants are association strategists. The two
attendants, with the support of their group-mates, execute the
battle in a Dove-like manner

(Fig. 1b). The former gains benefit V, and the latter
suffers no cost if it is a Dove strategist or suffers cost C if
it is a Hawk strategist. If both the combatants are
association strategists, they execute the battle in a Dove-
like manner (Fig. 1c). Both gain benefit V/2 and suffer
no cost. The group-mates who support the combatants
are assumed not to gain benefit or suffer cost, for the
sake of simplicity of the model.

The mathematical model has four parameters: Dsg,
Dc, V and C. This paper considers the value of Dg,
rather than that of ¥V, as representing the ecological
condition for a population. High and low values of Dg
mean poor and rich ecological conditions, respectively.
Ecological conditions are assumed to change continu-
ously from rich to poor or vice versa. The values of D¢
and C represent severity of WGC and BGC, respec-
tively.

Mathematical analysis is executed for the frequencies
of three mixed-strategists: dispersal-Hawk (DH),
dispersal-Dove (DD) and association (AS). Dispersal
strategists can be Hawk or Dove strategists at battles
between groups, since they behave independently from
their group-mates. On the other hand, association
strategists follow collective behavior at battles between
groups, as described above. Accordingly, the three
mixed strategies are possible for individuals. The fre-
quencies of the three mixed-strategists are denoted as x,
yand z (0<x, y, z <1, x +y +z =1), respectively.
Now (x, y, z)" and (X, Y, Z)T are the vectors of relative



frequencies of each mixed-strategist in the focal group
and the neighboring group. With the dimensionless
parameters defined above, I can describe the profit
function of each mixed-strategist as follows.

Wpn 0 0 0 x
Wpp | = — 0 0 0
Was Dc+Ds Ds Ds] \z
V-0C)/)2 Vv -C1/X
+ 0 vi2 o ||y
v v vl \z

All groups are assumed to have similar sizes. Therefore,
it is plausible to assume that they have the same fre-
quencies of the three mixed-strategists. Now substitute
X, Y, 20" = (x, y, 2)" and z = 1-x —y. The profit
functions of the three mixed-strategists are equivalent to

Wpu =x(V+C)/24+y(V+C)-C
Wpp = yV/2 (1)
Was =x(V/2—=Dc) +yV/2+V /2~ Ds.

Fig. 2a—f Dynamics of x and y, representing the frequency of DH
and DD, respectively (the frequency of AS is 1-x—y). Two isoclines,
Eqgs. 3a and b, are represented as dotted lines and broken lines,
respectively, on (x, y) space. (x, y) converge to each of the three
points P1: (0, 0); P2: [2Ds—V)/(V-D¢c), {V(V+3C)-2
(V+ C)Ds—4CDc}{(V+2C)(V-2Dc)}]; or P3: (V/C, 1-V/O),
depending on the values of Dc and Ds. a When Dc<V/2 and
Dg<V/2, (x, y) converge to Pl. b When Dc<V/2 and V/
2<Dg<V(C+V-2Dc)/2C), (x, y) converge to P2. ¢ When
Dc<V/2 and Dg>V(C+V -2D¢c)/(2C), (x, y) converge to P3.
d When Dc>V)/2 and Ds< V(C+ V-2D¢)/(2C), (x, y) converge to
P1. e When Dc> V)2 and V(C+ V-2Dc)/(2C)<Ds<V/2, (x, )
converge to Pl or P3, depending on their incipient frequencies.
f When D> V)2 and Dg> V)2, (x, y) converge to P3

(b)
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The population dominated by DH and DD, or by AS, is
assumed to represent the social structure of chimpanzees
or bonobos, respectively.

Results of the model

I can assume an evolutionary dynamics of x and y as,

X = XWHD/{XWHD +yWDD + (1 - X — y)WAs}, (2’&)

¥ = yWpp/{xWup +yWpp + (1 —x — y)Was}.  (2b)

The two equations, x">x and )’ >y, are respectively
equivalent to

2(D5 - C) — V+X{V + 3C—|— 2(DC — Ds)}
+2y(V + C — Ds) — x*(C + 2Dc) — 2xy(C + Dc)
>0,

(3a)

2Ds — V 4+ 2x(C — Ds + D¢) + y(V — 2Ds)

—x*(C +2Dc¢) — 2xy(C + Dc) > 0. (36)

Fig. 2 represents the two isoclines (see Appendix 1). By
following the dynamics of x and y, I can investigate
whether their equilibrium points are QUERY ESSs
(Maynard-Smith 1982) or not. The dynamics depends
on the values of Dc and Ds. If Dc<V/2, three ESSs
appear, depending on the value of Dg. When Dg< V)2
(Fig. 2a), the Evolutionary Stable State (ESS) is

P1 = (0,0).

When V/2 < Dg< V(C+ V-2Dc)/(2C) (Fig. 2b), the ESS
is
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Fig. 3a, b Changes in x* (solid line) and y* (dotted line),
representing the frequency of DH and DD at ESS, respectively,
along the value of Dy (the frequency of AS at ESS is 1-x*—y¥). As
the value of Dy is high, ecological condition is assumed to be poor,
and the sum of x* and y* becomes small. d1 and 42 in the figure are
V2 and V(C+V-2Dc)/(2C), respectively. x* and yp* change
differently, depending on the value of Dc. a Dc<V/2. (x*, y*)
are Pl, P2, or P3, when Ds<dl, dl<Dg<d2, or d2<Ds,
respectively. x* or y* can change bi-directionally at any point of
Dg within the region of d1 < Dg<d2.b Dc> V)2, (x*, y*) are P1, P1
or P3, or P3, when Ds<d2, d2<Dg<dl, or dl < Dg, respectively.
Once the value of Dg has increased over the value of dl1, so that (x*,
y¥) becomes P3, x* or y* will not decrease until the value of Dg
decreases below the value of d2. Once the value of Dg has decreased
below the value of @2, so that (x*, y*) becomes P1, x* or y* will not
increase until the value of Dg increases over the value of dl

Py — 2Ds —V V(V+3C)—2(V+ C)Ds —4CD¢
- \V —-2D¢’ (V +2C)(V - 2Dc)
Local stability is proved with an analysis of a Jacobian

matrix (see Appendix 2). When Dg> V(C+ V-2Dc¢)/
(20) (Fig. 2¢), the ESS is

P3=(V/C, 1-V/C).

On the other hand, if Dc>V/2,
appear, depending on the value of Ds.
Ds<V(C+ V-2Dc)/(2C) (Fig. 2d), the ESS is
P1 =(0,0).

When V(C+ V-2Dc)/(2C) < Ds < V/2 (Fig. 2e), two bi-
stable ESSs appear. They are

two ESSs
When

Pl =(0,0) and P3 = (V/C,1 -V /C).
When Dg> V)2 (Fig. 2f), the ESS is
P3I=(V/C,1-V/C).

Discussion

Figure 3 represents the frequencies of DH and DD at
ESS, along the value of Ds. Each frequency is repre-
sented as x* and y*, respectively. If Dc<V/2, (x*, y*)
can be each of the three states of P1, P2 or P3 (Fig. 3a),
corresponding to the case of Fig. 2a, b, or c, respec-
tively. The frequencies of any mixed-strategists change
gradually along the value of Dg. That means the social
structure of chimpanzees or bonobos replaces itself

continuously, through changes in ecological conditions,
as discussed by Wrangham (1986). If D> V/2, (x*, y*)
can be each of the two states of P1 or P3 (Fig. 3b),
corresponding to the case of Fig. 2d and e, or 2e and f,
respectively. The frequencies of any mixed-strategist
neither increase nor decrease without drastic changes in
the value of Dg. That means that once the social struc-
ture of bonobos replaces that of chimpanzees, or vice
versa, the original social structure will not recover until
drastic reverse changes in ecological conditions occur.
Hence, the present model shows an existence of the
robustness of each social structure against changes in
ecological conditions.

As the value of Dc becomes higher, the bi-stable
region along the value of Ds, or V(C+V-2Dc)/
(2C)< Dg < V/2, becomes wider. Thus, the possibility of
fatal violence within a group, such as infanticide, is
predicted to cause the robustness of their social struc-
tures against changes in ecological conditions (Kano
2001). In fact, party sizes of chimpanzees do not increase
flexibly even if the sizes of the food patch or the numbers
of estrous females increase (Newton-Fisher 1999b).
Chimpanzees could not change their social behaviors
flexibly according to changes in ecological conditions,
unlike their feeding behaviors (Yamakoshi 1998).

Each of the two social structures is maintained as
follows. Once DH and DD fill the population at the
frequency of V/C and 1-V/C, respectively, only two
individuals with no supporters execute most of the bat-
tles across groups. Since DH and DD do not suffer
collective attacks from AS, their frequencies are main-
tained at a high. Since DH gave high costs to AS, AS
cannot invade the population. On the other hand, once
AS fill the population, other group-mates always sup-
port combatants between groups. Since DH and DD
always lose battles between groups, they cannot invade
the population. Since AS do not suffer violence from
DH within a group, their frequencies are maintained at a
high. In this way, the manner of BGC stabilizes that of
WGC and vice versa.

The model presented in this paper may oversimplify
the social structures of the two ape species. For example,
it does not distinguish the two sexes explicitly. In fact,
males are more cohesive than females in chimpanzees,
and the contrary is the case in bonobos (White and
Chapman 1994). In chimpanzees, a party composed of
multiple males (not a mixed-sex group) commits lethal
raids against males of the neighboring group during
boundary patrol (Nishida and Hiraiwa-Hasegawa 1987).
Our purpose, however, is not to construct the two social
structures completely but to find their robustness.
Through the robustness identified by the model, the two
social structures might have evolved through differenti-
ation of the two sexes (Hemelrijk 2002). The model also
assumed that two neighboring groups are similar sizes.
In fact, a group of larger size would destroy the smaller-
sized group; the males would be killed and the females
recruited from the losing group to the winning group
(Nishida et al. 1985). Since extinctions of groups are rare



in chimpanzees, I believe my model is enough to con-
sider the contrast between the social structures of the
two ape species.

The mathematical model would appear plausible if it
could explain a similar contrast in other species. Spider
monkeys (Ateles sp.) and woolly monkeys (Lagothrix
lagotricha) form male-philopatric and fission—fusion
societies (Symington 1990). The two species are wide-
spread and sympatric in the western Amazon region and
are similarly frugivorous (Iwanaga and Ferrari 2001).
However, they show a peculiar contrast in social struc-
ture: party size is small and relationships between groups
are agonistic in spider monkeys, while party size is large
and relationships between groups are peaceful in woolly
monkeys (Nishimura 1994; Strier 1994). Some popula-
tions of woolly monkeys try to maintain the cohesive-
ness of their group by feeding on insects, even when the
food quantity and quality is poor (Di Fiore and
Rodman 2001). That is, two species of atelines, geo-
graphically and genetically distant from Pan, show us a
similar contrast as that found in Pan. The same model
presented here could also explain the contrast of those
two social structures.

Chimpanzees and bonobos have been used as the
models for reconstructing hominid social structure
(Wrangham and Peterson 1996). We do not know
exactly which type of social structure the early hominids
had, whether similar to that of chimpanzees or that of
bonobos. Chimpanzees are assumed to have acquired
social structures suited for poor ecological conditions
when they scattered in various environments. Although
some populations now inhabit as rich environments as
bonobos, they appear to maintain their robust social
structure suited for poor environmental conditions.
Bonobos may also maintain their social structure, even if
the ecological conditions of their habitats become as
poor as those inhabited by chimpanzees. Hence, our
model suggests that either type is possible as the pro-
totype of the early hominids’ social structure. In any
possible habitat, they could have kept their social
structure stable against changes in ecological conditions.
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Appendix 1

The two isoclines cross each other only at P2 and P3. P2
is within the region of 0<x, 0<y and x+y<1, when
Dc<V/2 and V/2<Ds<WV(C+V-2Dc)/(2C), or
when Dc>V/2 and V(C+ V-2Dc)/(2C)<Dg<V/2. P3
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is always on the line of x +y =1. To analyze
the dynamics of x and y, it is enough to investigate the
six cases of (a) Dc<V/2 and Dg<V/2, (b) Dc<V/2
and V/2<Dg<V(C+V-2Dc)/(2C), (c) Dc<V]2
and W(C+V-2D¢c)/2C)<Ds, (d) Dc>V/2 and
Ds<V(C+V=-2D¢)/(2C), () Dc>V/2 and V(C+V
-2D¢)/(2C)< Ds< V]2, and (f) Dc> V/2 and V/2 < Dsg.
Now transform Egs. 3a and b into

29{(V + C — Ds) — (C+ Dc)x}

> (1 —=x){(2C+V —2Ds) — (C + 2D¢)x}, 4)
y{(V — 2Ds) — 2(C ‘l‘Dc)X} > (C + 2Dc)(x —Xl)

(x —X2), ()
respectively, where X1<X2 and X1, X2

= [C+ Dc—Ds = N{(C=V)YC+2D¢)+ (Dc+ D)} (C+2D).
The shape of Eq. 4 depends on the relationship between
values of 1, (V+ C-Ds)/(C + Dc¢), and (2C+ V-2Ds)/
(C+2Dc¢). The shape of Eq. 5 depends on the relation-
ships between values of (V-2Dg)/[2(C + D¢)], X1, and
X2.

In the case of (a), simple algebra shows that
1<(V+ C-Dg)/(C+ Dc)<(2C+ V=-2Dg)/(C+2D¢) and
(V-2Ds)/[2(C+ Dc)] < X1 < X2. Therefore, I can illus-
trate the two isoclines as Fig. 2a. The ESS is P1. In the
same way, I can illustrate Fig. 2b—f to find the ESS in
each case.

Appendix 2

To analyze the local stability of the system at P2, I derive
the Jacobian matrix. Hereafter, it is assumed that
Dc<V/2 and V/2<Dg<WV(C+V-2D¢c)/(2C). Now
rewrite Egs. 2a and b as x” = F(x, y) and y = G(x, y).
The Jacobian matrix is

OF (x,y)/0x  OF (x,y)/0y
9G(x,y)/0x 0G(x,y)/0y |
Now substitute x=2Ds-V)/(V-2D¢) and

y=[V(V+30O)-2(V+ C)Ds—4CDc]/(V+2C)YV-2Dc). The
characteristic equation of this matrix is

PVHV? +3CV —4CDc — 2(C + V)Ds}
— 2rV{2CD§ + (2VDc — 2V* — 3CV — 2C*)Ds
— (4C + V)VDc + V(V +C)(V +2C)}
+4CDs{(V + C)V — 2VD¢ — 2CDs} = 0,

where the eigenvalues are represented as r. Now sym-
bolize the left side of this equation as H(r). H(r) has its
minimum value at its axis, since the coefficient of r? is
positive. The axis is

{2CDE + (2VDc — 277 = 3CV —2C?) Ds — (4CV + V) D¢
+ VP 43V2CHVC? Y V{V?+3CV —4CDc —2(C+V)Ds .
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Simple algebra shows that the axis is larger than 0
and smaller than 1, and that H(0)>0, H(1)>0. There-
fore, the absolute values of the eigenvalues are
smaller than 1, as long as they are real numbers. The
discriminant of the characteristic equation is
(2Ds—V) (DA + DB+ E), where

A=2DsV* —V(4C+ V),

B = 4DVC — 2Ds(V + 2C)(2V? + 3VC + 4C?)
+2V(V 4+4C)(V* +3(VC + C?),

E =2D3C* — D3C(4V* + 13VC + 12C?)
+2Ds(V* + 5V3C + 10V2C? + 91C3 + ¢4
—V(V?+3VC + C?)

Now consider the equation I(Dc)=Dc*A+ DcB+E.
Simple algebra shows A4<0 and 0<-B/(24)<V/2.
Therefore, I(Dc) has its minimum values at D «=0 or
Dc=V/2. Simple algebra shows /(0)>0 and 1(V/2)>0.
Therefore, the discriminant is positive. Accordingly, it
was shown that the absolute values of the eigenvalues
are smaller than 1, and that P2 is locally stable.
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