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Fls, A3, FEM Dictator Game, Trust Game
Ultimatum Game, etc.

a—F 4 x—Ta ., B, HEV AT AREF . Mechanism Design
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Bl (1) : fFEEVDEE
Tit-for-Tat (TFT) B

A BHEFEIFZET S (#7192 Cooperation, C) = A BRIIHEFLT S (C)
S BMEFERRZBIT vy (B L7ev  Defection, D) = B HRAUIHEFEZBIT 22 (D)

= HFELIZZEFR A ZEVORE (COHEE) ZERTED
HLTHLENRVIZRSTWIT S
Axelrod (84)



B (2) @ BIZ AT X
C-Society vs D-Society

C-Society :  [BhiF& 5> (C)] BEEH&E (VL)
D-Society :  THEF =— (D) P&

C-Society D J5 45 D-society & W N7 —~< XX\ = C-Society ~B1T (URITHEZ)

NTINVEDOBARREE R : [J-Society (RFREH. FIF5) 1 vs  TA-Society]
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C-Society {Z A>T D-Play 95

EDEZNL

D-play (2L D&, C-/ VADRRE (TFT?)

HOEDELZNM, EOECEDE® NS ...

HY 3 oD 722 ONVERIEE DB SE A~
EHE 2 AR

S BREE TR, FABBRRICOWTOREEET VIR L TR
MR, FRBABH, 27 vvahbl T4V A —T 4 — I ?
RUEBRET, FLORRY AT AOBA, 75 VA~OIOR : Ao —7R2 i ?
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WEDOITE) (XF—) ZFHELT, BEfTE (O3F—2) 28R
FovaBH: HFEICHTIFE = HFORKETE (RXF—2)]

B - k& B VT v

TANNAEFEL, 2 MEEHESFESODEL LI
s GEW) g ESITHNEL & 9 |
ZDRIRIZIFONDN?
DB o HERIETHNIE. BEIAZV XN END, ]
(2D NVT AR ZBR->T LXK D,

= [Stick and Carrot (R8¢ AF) | THNLTILVESTFLHE LD
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Example : NAD T L < (Symmetry + Additive Separability)

i VIR
c (cooperative) d (defective)
c (cooperative) X X X-Z X+Y
d (defective) X+Y X-Z X+Y-Z X+Y-Z

Y. BT3B (701 &h»rsEH
Z: TBhirens] AUv b
Z>Y 2V v rREn

(C,LO)BRZAIZE->TEELW
UL, —ERY OF—ATiX, (d,d)BSME—DF v =259 FICREHEIZ S & -5<)

MORLA—ATIZE I ?



[Stick and Carrot] FUEREE

CEEVKITD = MFbecz T s (H)
SHd%ZED = BB, DO5VIXHBURE, HFEIZdEZ L > THRE

= HE LT, dEL bR
= IR K BRI HERT
SR & b BN - RO
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T IIDBERAITAR-E. ..
(FEEROWIT | OD=->DVEIEAH

FL—¥—i3 [E[RIZ] VBRI TVWAEWVWIR—A_ITF 4 THE DL
cf. Backward Induction (BRREID/R—RXRT F ¢ 7)
BBIEIH I L, 26X, RENOL _HZEBETOHOH I LW =2 EREERO»LEHI LN

#5777 —0N+mME (112dEV) ThbsZ
BHEMFICAdEONEZ EDEESZ (BbAWITZENLIEO®RE) 23
LSHBENd LB LOFERY L Rkx

HEOITEDERICBIETEHZ &

BE  BRIITBETE R (VA XD RoTey TFN)

SEERE=ZV T VS AERE=FY T

Secret Price Cutting : 7ZF o> CTEFFT 5
= MFEOFRY EIFRTRB : IAVTAHED 2 FER 2
High discount factor implies Frequent Access to Information
Channel, but still imperfectly monitors.
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[Stick and Carrot] ZUERRES : ¥FHY

Grim-Trigger, Grim-2, Grim-3

TFT
g-TFT
Z DAL 2TFT, TF2T, g-2TFT, g-TF2T, etc.
Stick and Carrot ZA4t All-D, All-C
List of Strategies for our Experiments
TFT Tit for Tat

g-TFT-25{/50f/75f  Generous-Tit for Tat, retaliation with 75%/50%/25% (forgiving a bad signal with
25%/50%/75%, no retaliation for good signal)

TF2T Tit for Two Tat (retaliate if signal B in all of the last two rounds)

g-TF2T-25{/50f/75f Generous-Tit for Two Tat, retaliation with 75%/50%/25%

TF3T Tit for Three Tat (retaliate if signal B in all of the last three rounds)

2TFT Two Tit for Tat (retaliate twice convectively if signal B occur)

g-2TFT-25{/50f/75f Generous-Two Tit for Tat, retaliation with 75%/50%/25% in the second punishing phase

2TF2T Two Tit for Two Tat (retaliate twice convectively if signal B in all of the last two rounds)

All-C Always choose ¢

All-D Always choose d (the only non-cooperative strategy in the set)

Grim Choose c until either player chose d (signal B), keep choosing d after that

Grim-2 Choose c until the case happens twice in a row, in which either player chose d (signal B), keep
choosing d after that

Grim-3 Choose ¢ until the case happens three times in a row, in which either player chose d (signal B),

keep choosing d after that
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Bl . N T —EREE
SEEE=%1 7 (Perfect Monitoring) :

BANCckEB
(C,C)%EVOSTBBY c & & VET B
HEHBVIZEENdEL DL, UBEFoLd e VTS

=(C,C) DV E LA 5 (d,d) DV I L~EEIK
SBEdEoERE: Y
B3 B AR DR K &z—YH6%2:0+5%2:0~:IEEQ—Y)

o Y RSN —
Y<I:#ZJH\OiD\5>/é(+%%b%m779& ) b
h U W —BERET = AT |
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Reget=%1Y 7 (Imperfect Monitoring)
=&Y 7K (Accuracy) p(> %)

Signal G (Good) | Signal B (Bad)
Action (c) P 1-p
Action (d) 1-p P

FFIZBSD actionfcb b2\, LrLYZFv (GorB) 3Mzh s

NHJE=% U > 2 (Public Monitoring) : B OWNWTDY e
FFIZOWNWTO Y TV imicBlg

FMEJE=%1 7 (Private Monitoring) : B4ZOWTOYZFIUiTR 2R
MEIZIEDEZE IR TEHEDNPDLNLRN

(G,B)= (FL—F—1IZoVWTDOITFN, FL—F%—2{ZONTDTTFN)
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Public Monitoring (R84, 2AH))

R U — N
BAICcE LB, (G,C)MEESNBMRY cxL VEETS
(G,B). (B,G). (B,B)pEn»BBESNS L, (C,0)7b(d,d) DY & L~EHE

BB 77 7 A —FBLNE=F Y U IRE pA L bIC 1T,
U T —BERE T > ¥ = BTN
L, WERIE(d,d) Ok Y iR L~
ChktoTHBIEERIND
= Welfare Loss 34

HRR U A —ERIE
55\ VERIE 1 X > T Welfare Loss % Save
(G,G)UAARBIEIND &, DIBET #HF(d,d) 2V iR
T+ 18RI (Ccc)MHAF— b
=  BWo., pTHTF v v
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Private Monitoring (R84, FLARY)

[SIHB DR 2 MBE DR ? | DB A

MFOBEFER (BHDOBRIZOWTOY TV, BOREI RN TV D)
DB TX 2

R Y BRI B IO 2 R !

TFT A5 WXZEDER., g-TFT., %
[Stick and Carrot] ORARIZIEZ X 5
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(FFOY) TFT
DL & LTTie<
[HICIX B ZHiciX® % (Stick and Carrot) DfELE
HENGHIINBELSIEHTTDODOEELZS L !

4RAdEL DT LOMFES Y
AREFLHAOBEEZT 2 L OMFHER:  5(p-(1-p)Z

MEBFEFD Bad DFEAIId 2 & SRR 620 WETAHIS BT 4 T1E?
FEHATFED Good DBAIIcE E DRI RV WIITBRA0v T4 70?2

S HITREORE? W IIDORF?2 O B0 ¢ BRI R

Y=6(p-(1-p))Z
Bk 72 (8, p) DI —RUSMTIT TFT F v v =B (FITHIEHSIC S & 5<) AR
= XV —&87% [g-TFT] ~!
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Generous-Tit-for-Tat (g-TFT)

BAD #l22 =  #e=r(B;p) Tc ZERT S
GOOD %##i22 =  #=r(G;p)(>r(B;p))Tc BT 5

ex. TFT: r(B;p)=0, r(G;p)=1

Retaliation Intensity (RI, {8 DEE): r(G; p)-r(B;p)
Stick and Carrot Z &I iF 5 xEE= &7 |
TFT: Rl =1

RI 285&E\W (W) =  MHERcEB BH AT 7EmDD (TiF5)
dx2¢sd HE) vV T 47 TFiFs (HHDH)
Welfare Loss 7 v 7 (X7 )
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g-TFT Nash Equilibrium (r(G;p),r(B;p))
FlorEgIz b & o<)
RI 23
w(p)=r(G; p)-r(B;p)=———
PETED P s2p-1)z

ThhuE., FOERCO R
g-TFT NE ERAZL !

w(p)%& RI DEHEE L LS

HERBRICE > THEORE (RI) HHFHAEIND
Belief-Free Approach: BHBEL bITA BT 47 (EER))
Ely and Valimaki (02)
Obara (01)
ElLEY T - Nowak & Sigmund (92)
T U Z NIRBIREERRIZIEZ 229 2 ¢ No empirical supports ever.
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HELME
RI HEREW(P)ITRBE pOBABEE TRITNIT R 620

FEE p 3@ &
HENAdZLSTENEIDPELVIERICAREDDLZ ENTES
= BHVHRERE TH+HRN
RI (w(p)) 23/hE<THRLK
(L LANEL2NWE CEDBADA BT 4 TRHIT BRRW)
Welfare Loss J& & 5 !
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EEMNRREBEER 2 OATEEET=F ) T ORI %
SO BRI TE DTS

1 : VE=—EK (H2DiE Lenience Strategy)

HWMERZ L TrD, METLINEPZRD D
Radner (85), Matsushima (04), Sugaya (14)

2 : Long (Finite) Retaliation

1 BB OB T < —EHMHE
Rl Z XV IEVMEIZSRSDZ LN TE S

g-TFT NE (No Lenience, Just One-Shot Retaliation) TiZ RI 23@m< 2> TLE H
HERMEW(P) T B0 R0 Th & IZEWV RI
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BEA SV —Y—I3BFAERDO L REFETT DA BT 4 T2 HO)
[(H)fr ] & U CTRRYLT D Dh>

Bl : VE2—OBEF T, BADRNZL EAEWWT LEST-
L a2—D@EFTdicdInEz 500
MHFEIIENZFTHARDNOCELEDBA VYT 4TI LRI ?

B . AIRHEOBERF T, DA TCcr Lo THEHNFMEZ AT Y I ?

Folk Theorems : BA&A (GER) IRk

Perfect Monitoring: Fudenberg and Maskin (86)

Public Monitoring: Matsushima (88), Fudenberg, Levine, and Maskin (94)

Private Monitoring: Matsushima (91a, 91b), Sekiguchi (97), Ely and Valiméki (02), Obara (01)
Kandori and Matsushima (98), Matsushima (04)
Sugaya (14)

Z Ot B A AR F#E © Aoyagi, Satoru Takahashi, Yuichi Yamamoto, Awaya, etc
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Folk Theorem & 1% %

BB 77 7 Z—O0RN+ZITLITHEWREBIE, AEET=FY T THAS L. RE=F
VU7 THAHIEL., IREEARTF—HITBWWTYH., $RAELS 25 T L8 OF|1EEL L 3
RN T v ¥ 2 IZ L > TERTE 5,

I AR R M AT DS LR
Sugaya (14) : A D& A 13D T +— 7 EH]

Belief-Free Approach

Review (Lenient) Strategies (with finite punishment phases)
even (much) more complicated
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BEBRE L, EBRICH 25 R TEBBRTIRE 50 °?
COBE2LEDLHIC?
HERMENS CFOBRERMELTCNDE?
BITEI R L > TWB 2 EARITEI R — 2

X HIZiE. ..
FEBAERICH L 72 EHEER T WIS L CTHBER T 5002
FICHIEIE LIS D ER  (Naivete, Reciprocity) Zfk 0 IAA W HEEIT @
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BVIRLAA—LDOERITELS O D
L URRBEZRICERD H DHFE1X 2 1 AR A TS !

g —=> 27 KA ~Z Dal Bo (05)
[E[R[E|D/X— 27 5 7 (Shadow of Future) |

Infinitely repeated Games with Perfect Monitoring:
Dal Bo (05), Dal Bo and Frechette (11)

Public Monitoring:
Aoyagi and Frechette (09), Fudenberg, Rand, and Dreber (12)

Private Monitoring:
The previous draft (Matsushima and Toyama (11)) is the first paper.

Subsequently, Aoyagi, Bhaskar, and Frechette (14, in preparation)

Dal Bo and Frechette (15) is an excellent general survey.
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EERT YA

High Discount Factor: 0 =96.7%
Constant Random Termination
Continuation probability 29/30

High accuracy treatment: P = 90%
Low accuracy treatment: p=60%

Length of each experiment
Order of Treatments

Number of Subjects (games in each interaction)

October 5, 2006 (10:30 ~ 12:30) 28 0.6 (24, 40, 25), 0.9 (28, 33, 14)
October 5, 2006 (14:30 ~ 16:30) 24 0.6 (20, 23, 37), 0.9 (34, 34, 19)
October 6, 2006 (10:30 ~ 12:30) 28 0.9 (38, 21, 25), 0.6 (25, 28, 29)
October 6, 2006 (14:30 ~ 16:30) 28 0.9 (25, 35, 23), 0.6 (36, 30, 21)

Total 108 subjects for both treatment
Three repeated games in each treatment
Treatment is counter-balanced

FI S RIENEEAT 1T 0.6 yen per point + 1,500 yen participation fee
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MR R L DN—RART T
E£HRIZ (7= 27) L—V v F&FRHET Constant Random Termination % 7 £°—/L

Remaining time :[seconds] : § Remaining time :(seconds] : 5
If 30 is selected, then the experiment will be over. If 30 is selected, then the experiment will be over.
112(3(4]|5(6|7(|8]9]10
1112 (13 |14 |15 |16 |17 (18 |19 |20
21|22 23] 2425 26 27] 28 | 29 |l

The game will continue.please continue with the same partner. The game will finish in this round

You will change partners and continue on to the next experiment.

F DFER
YR LF—LDORTHERBRATITEI T — K& BB L
MYELAY—Lb% HDIRL] THREZ2B(ARL
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KNADT L~ BIEDKE

(X,Y,Z)=(60,10,55)

C d
60 60 5 70
70 5 15 15
Z>Y

AUy MPEAERELS EES
Low Accuracy THFERDOEHFHOK
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EEBR TN &
Aggregate Behaviors

FBENXEW (p=0.9) FNRC% & IHEENEN?
RI BEEZLLTORERE) 1Xp=09DF K2
RIUIERMEW(p) ERENZENLLTFTHD ?
Lenience 3 AfHE[RI b 5 ?

Individual Strategies

Maximal Likelihood Estimation
YR N7 v 7 LTEERIED 5 HEAHEEBRE OITENI E TR TE 5 2
Cooperative Strategy X EDRBREDH 5 ?
g-TFT 2 7L A LTW5?
Lenience (X ?
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Aggregate Behaviors
i o 1

High Accuracy (p=0.9) D% Low Accuracy (p=06) XY
w1 (C) BENFEW
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Overall Cooperation Rates

Overall cooperation rate

Accuracy 90%

Accuracy 60%
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Rd. 1 Cooperation Rates

Rd. 1 cooperation rates

Accuracy 90% Accuracy 60%
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Cooperation Rates Contingent on Signals

32

(Subject-Wise Means)

Cooperation rates contingent on signals

Accuracy 90%

mr(G) mr(B)

Accuracy 60%
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Aggregate Behaviors
i o 2

High Accuracy (p=0.9) D72 LowAccuracy (p=0.6) XV
RI (Retaliation Intensity, 3ERE) 2@V,
D% Y B & B,

High Accuracy (p=0.9) 2875 Rl i
FEEAME w(0.9) = 0.235 J: AN
(189 X 2 WMIBEREE)

Low Accuracy (p=0.6) IZ8iF5 Rl
%‘ﬁw(o 6)=0.94 %V (z‘m‘w) ﬂi&u\
IZH D 59 Lenience L TUWLRYY
(559 X HHMEREE)
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RI, Retaliation Intensity (1)

(zzciza=G, b=B¢&EELTWVAB)

Mean S.E. p-value

r(a;0.9)-r(b;0.9) 0.508 0.028 <0.001*

Subject-wise means 0.352 0.028 <0.001*

r(a;0.6) —r(b;0.6) 0.165 0.025 <0.001*

Subject-wise means 0.144 0.023 <0.001*
(r(a;0.9)—r(b;0.9))—(r(a;0.6) —r(b;0.6)) 0.344 0.031 <0.001
Subject-wise means 0.208 0.029 <0.001

*Hypothesis tests on theoretically predicted values of cooperative equilibrium
p=0.9: w(p)=0.235

p=0.6: w(p)=0.94

*W(p) isdecreasingin p.
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RI, Retaliation Intensity (2)

ReacIntenLow

ReacitenHigh

* ¥ 4
P R,

*ix

+ *

+

+

g

X axis: Rl in the low accuracy treatment
Y axis: RI in the high accuracy treatment

Red plot: Theoretically implied values of Rl (w(0.6),w(0.9)) = (0.94,0.235)
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Lenience

p=0.9 P=0.6
Gc 0.887*** (0.019) 0.766*** (0.038)
Gd 0.502*** (0.040) 0.255*** (0.035)
Bc 0.506*** (0.038) 0.582*** (0.049)
Bd 0.106*** (0.021) 0.110*** (0.042)
Gc after G 0.062*** (0.022) 0.037  (0.031)
Gd after G 0.017  (0.054) -0.055  (0.034)
Bc after G 0.125*** (0.041) -0.045  (0.046)
Bd after G 0.132*** (0.037) 0.022  (0.016)
Obs. 8,216 8,496
R2 0.816 0.531
Adjusted R2 0.816 0.531

Probabilistic linear regression on choices (Breitmoser (2013))
» No intercept for avoiding singularity problem
» Individual heterogeneity controlled with random effect
Effects of signals two period ago are exclusive in the high accuracy treatment

» However, the coefficients are marginal
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Individual Strategies

Strategy Frequency Estimation Method (SFEM)

Existing studies empirically demonstrate that the strategies people take are substantially heterogeneous. The study do not focus on a specific
strategy (generous-TFT). Rather, we estimate the distribution of various strategies. Rely on Strategy Frequency Estimation Method
(SFEM): Dal Bo & Frechette (2011)
» Maximum Likelihood Estimation on finite mixture model of pre-specified strategies
v Estimate distribution of strategies
v' Assumption: each subject uses one strategy in the pre-specified strategies set
» Workhorse model in the field
v' The validity is verified in Fudenberg, Rand & Dreber (2012), including the case for stochastic strategies (g-TFT) — however,
no detailed empirical discussion so far
Maximum Likelihood Estimation
The choice probability (likelihood) of subject i, employing strategy s, at round r of supergame K, given the history up to the round is defined

as p,(s)- 1 if the observed choice is matched with the predicted choice of strategy s. Otherwise the choice is classified with
1+exp(-1/y)
implementation error as follows. pm(s):; where 7 controls the degree of the error. The overall likelihood of subject i,
1+expd/y)

employing strategy sis Pi(S) = H H Pi(S) . Now in the SFEM framework, the likelihood of subject i over all strategies is a finite mixture
k r

of the above likelihood. The log likelihood of the whole subjects is LH :Z |nHP(S)Pi(S) where P(s) is the frequency of the
i S

occurrence of strategy s. Maximize the Likelihood w.r.t. P(s) and Y. In the case that the strategy s is stochastic, substitute choice

probabilities with the following mixture of choice probabilities; (9)=s 1 +(73)[ 1 if the observed choice c,
T Trexp(-1/7) " 1+exp(/ 7)

Pu(s) = (1—sik,)( 1 j“i{ 1 j if the observed choice d. Here Sikr s the probability of choosing c in the stochastic strategy s,
1+exp(-1/y) 1+exp(l/y)

given the history up to the round. Observe that the above formulations of the choice probabilities are reduced to the previous definitions
when Sik takes either zero or one.
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19 Strategies Set in our estimation

Description

TFET Tit for Tat
g-TFT-25/50f/75f  Generous-Tit for Tat, retaliation with 75%/50%/25% (forgiving a bad signal with
25%/50%/75%, no retaliation for good signal)

TF2T Tit for Two Tat (retaliate if signal B in all of the last two rounds)

g-TF2T-25f/50f/75f Generous-Tit for Two Tat, retaliation with 75%/50%/25%

TF3T Tit for Three Tat (retaliate if signal B in all of the last three rounds)

2TFT Two Tit for Tat (retaliate twice convectively if signal B occur)

g-2TFT-25f/50f/75f Generous-Two Tit for Tat, retaliation with 75%/50%/25% in the second punishing phase

2TF2T Two Tit for Two Tat (retaliate twice convectively if signal B in all of the last two rounds)

All-C Always choose ¢

All-D Always choose d (the only non-cooperative strategy in the set)

Grim Choose c until either player chose d (signal B), keep choosing d after that

Grim-2 Choose c until the case happens twice in a row, in which either player chose d (signal B), keep
choosing d after that

Grim-3 Choose c until the case happens three times in a row, in which either player chose d (signal B),

keep choosing d after that

ENRHTITE Y VN2
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Estimation Results Overview
(RERENT T L L.....)

p=0.9 p=0.6 (ctd.) p=0.9 p=0.6
TFT 0.026* 0.058%** 2TF2T 0.041* 0.027
(0.016) (0.019) (0.041) (0.020)
g-TFT-25f 0.117** 0.056* All-C 0.057* 0.039%*
(0.053) (0.033) (0.003) 0.017)
g-TFT-50f 0.187%%* 0.062 All-D 0.081%** 0.425%%*
(0.056) (0.040) (0.0249) (0.056)
g-TFT-75f 0 0.042 Grim 0.012 0.030
(0.012) (0.032) (0.012) (0.024)
TF2T 0.014 0 Grim-2 0.029 0.040
(0.022) (0.004) (0.017) (0.024)
g-TF2T-25f 0.074 0.013 Grim-3 0.064** 0.111%%*
(0.059) (0.011) (0.027) (0.036)
g-TF2T-50f 0.055 0.011
(0.047) (0.023)
g-TF2T-75f 0 0
(0.013) (0.006)
TF3T 0.118%* 0.012
(0.047) (0.013)
2TFT 0.029* 0
(0.017) (0.009)
g-2TFT-25f 0.003 0.051
(0.017) (0.034)
g-2TFT-50f 0.050 0.021
(0.034) (0.032)

g-2TFT-75f 0.046 0 Gamma 0.478%** 0.630%**
(0.048) 0) (0.022) (0.043)
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Individual Strategies

e 1

High Accuracy (p=0.9). LowAccuracy (p=0.6) &bic
FICHIEMRICE S Ty =2 B
(High accuracy : g-TFT-75f, Low accuracy : TFT)
7L A L TWD AT

High Accuracy (p=0.9) TiXg-TFT-50f
Low Accuracy (p=0.6) TiXAll-D
BbolbEmny =T

High Accuracy (p=0.9) T 92%., LowAccuracy (p=0.6) 57%25

Cooperative Strategies (not All-D)
A
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Cooperative (other than All-D) v.s. Non-cooperative (All-D)

p=0.9 p=0.6 (ctd.) p=0.9 p=0.6
TFT 0.026* 0.058%¥* 2TF2T 0.041* 0.027
(0.016) (0.019) (0.041) (0.020)
g-TFT-25f 0.117%* 0.056* All-C 0.057* 0.039%*
(0.053) (0.033) (0.003) 0.017)
g-TFT-50f 0.187%%* 0.062 All-D 0.081%%** 0.425%%*
(0.056) (0.040) (0.024) (0.056)
g-TFT-75f 0 0.042 Grim 0.012 0.030
(0.012) (0.032) (0.012) (0.024)
TF2T 0.014 0 Grim-2 0.029 0.040
(0.022) (0.004) (0.017) (0.024)
g-TF2T-25f 0.074 0.013 Grim-3 0.064%* 0.111%%*
(0.059) (0.011) (0.027) (0.036)
g-TF2T-50f 0.055 0.011
(0.047) (0.023)
g-TF2T-75f 0 0
(0.013) (0.006)
TF3T 0.113%* 0.012
(0.047) (0.013)
2TFT 0.029* 0
(0.017) (0.009)
g-2TFT-25f 0.003 0.051
(0.017) (0.034)
g-2TFT-50f 0.050 0.021
(0.034) (0.032)
g-2TFT-75f 0.046 0 Gamma 0.478%%* 0.630%%**

(0.048) (0) (0.022) (0.043)




42

Individual Strategies

R 2 (EE)

High Accuracy (p=0.9) TiX, $EE< N
g-TFT (One-shot or Longer) %7 LA

High Accuracy (p=0.9) TiZ, ¥#EL< 2
HEONCHEBME LV RNERE (R) 271 L,
HERE X VIRV FIEEEN H 5 FIE 1T
5% 8D
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TFT, a family of g-TFT, Memory-1 strategies

p=0.9 p=0.6 (ctd.) p=0.9 p=0.6
TFT 0.026* 0.058%¥* 2TF2T 0.041* 0.027
(0.016) (0.019) (0.041) (0.020)
g-TFT-25f 0.117*%* 0.056* All-C 0.057* 0.039%*
(0.053) (0.033) (0.003) 0.017)
g-TFT-50f 0.187%%* 0.062 All-D 0.081%** 0.425%%%*
(0.056) (0.040) (0.024) (0.056)
g-TFT-75f 0 0.042 Grim 0.012 0.030
(0.012) (0.032) (0.012) (0.024)
TF2T 0.014 0 Grim-2 0.029 0.040
(0.022) (0.004) (0.017) (0.024)
g-TF2T-25f 0.074 0.013 Grim-3 0.064%* 0.111%%*
(0.059) (0.011) (0.027) (0.036)
g-TF2T-50f 0.055 0.011
(0.047) (0.023)
g-TF2T-75f 0 0
(0.013) (0.006)
TF3T 0.113** 0.012
(0.047) (0.013)
2TFT 0.029* 0
(0.017) (0.009)
g-2TFT-25f 0.003 0.051
(0.017) (0.034)
g-2TFT-50f 0.050 0.021
(0.034) (0.032)
g-2TFT-75f 0.046 0 Gamma 0.478*** 0.630***
(0.048) (0) (0.022) (0.043)

The family of g-TFT — 30.4% (A family of TFT — 33.0%)
Memory-1 (+ a family of g-2TFT) - 47.1%
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Strategies with stronger retaliations (p = 0.9)

p=0.9 p=0.6 (ctd.) p=0.9 p=0.6
TFT 0.026* 0.058%¥* 2TF2T 0.041* 0.027
(0.016) (0.019) (0.041) (0.020)
g-TFT-25f 0.117*%* 0.056* All-C 0.057* 0.039%*
(0.053) (0.033) (0.003) 0.017)
g-TFT-50f 0.187%%* 0.062 All-D 0.081%** 0.425%%%*
(0.056) (0.040) (0.024) (0.056)
g-TFT-75f 0 0.042 Grim 0.012 0.030
(0.012) (0.032) (0.012) (0.024)
TF2T 0.014 0 Grim-2 0.029 0.040
(0.022) (0.004) (0.017) (0.024)
g-TF2T-25f 0.074 0.013 Grim-3 0.064%* 0.111%%*
(0.059) (0.011) (0.027) (0.036)
g-TF2T-50f 0.055 0.011
(0.047) (0.023)
g-TF2T-75f 0 0
(0.013) (0.006)
TF3T 0.113%* 0.012
(0.047) (0.013)
2TFT 0.029* 0
(0.017) (0.009)
g-2TFT-25f 0.003 0.051
(0.017) (0.034)
g-2TFT-50f 0.050 0.021
(0.034) (0.032)
g-2TFT-75f 0.046 0 Gamma 0.478%%* 0.630%**
(0.048) (0) (0.022) (0.043)

Stronger punishment than g-TFT N.E. - 45.8%, including more than one-shot (g-2TFT)-12.8%

Seemingly weaker strategies (TF2T, g-TF2T, TF3T) — 25.6%, significantly smaller with p < 0.05
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Individual Strategies

EER3 (vAF—)

Low Accuracy (p=0.6) TiX. Long Retaliation % L T\ 5 #|& 23
10%RBEICL EED
CIFHOERE 2 EAT D

Lenient (Review) Strategies 7L A4 L TWAH AP LTV 5
L2L., T2 LA, HighAccuracy (p=0.9) 2BV T, EVEEEE,
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Strategies with long-term punishment (p = 0.6)

p=0.9 p=0.6 (ctd.) p=0.9 p=0.6
TFT 0.026* 0.058%¥* 2TF2T 0.041* 0.027
(0.016) (0.019) (0.041) (0.020)
g-TFT-25f 0.117%* 0.056* All-C 0.057* 0.039%*
(0.053) (0.033) (0.003) 0.017)
g-TFT-50f 0.187%%* 0.062 All-D 0.081%** 0.425%%%*
(0.056) (0.040) (0.024) (0.056)
g-TFT-75f 0 0.042 Grim 0.012 0.030
(0.012) (0.032) (0.012) (0.024)
TF2T 0.014 0 Grim-2 0.029 0.040
(0.022) (0.004) (0.017) (0.024)
g-TF2T-25f 0.074 0.013 Grim-3 0.064%** 0.111%%*
(0.059) (0.011) (0.027) (0.036)
g-TF2T-50f 0.055 0.011
(0.047) (0.023)
g-TF2T-75f 0 0
(0.013) (0.006)
TF3T 0.113%* 0.012
(0.047) (0.013)
2TFT 0.029* 0
(0.017) (0.009)
g-2TFT-25f 0.003 0.051
(0.017) (0.034)
g-2TFT-50f 0.050 0.021
(0.034) (0.032)
g-2TFT-75f 0.046 0 Gamma 0.478%%* 0.630%**

(0.048) (0) (0.022) (0.043)
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Lenient strategies

p=0.9 p=0.6 (ctd.) p=0.9 p=0.6
TFT 0.026* 0.058%¥* 2TF2T 0.041* 0.027
(0.016) (0.019) (0.041) (0.020)
g-TFT-25f 0.117%* 0.056* All-C 0.057* 0.039%*
(0.053) (0.033) (0.003) 0.017)
g-TFT-50f 0.187%%* 0.062 All-D 0.081%** 0.425%%%*
(0.056) (0.040) (0.024) (0.056)
g-TFT-75f 0 0.042 Grim 0.012 0.030
(0.012) (0.032) (0.012) (0.024)
TF2T 0.014 0 Grim-2 0.029 0.040
(0.022) (0.004) (0.017) (0.024)
g-TF2T-25f 0.074 0.013 Grim-3 0.064%* 0.111%**
(0.059) (0.011) (0.027) (0.036)
g-TF2T-50f 0.055 0.011
(0.047) (0.023)
g-TF2T-75f 0 0
(0.013) (0.006)
TF3T 0.113%* 0.012
(0.047) (0.013)
2TFT 0.029* 0
(0.017) (0.009)
g-2TFT-25f 0.003 0.051
(0.017) (0.034)
g-2TFT-50f 0.050 0.021
(0.034) (0.032)
g-2TFT-75f 0.046 0 Gamma 0.478%%* 0.630%**
(0.048) (0) (0.022) (0.043)

High accuracy: Memory-2 or more (lenient strategies) - 39.1%
Low accuracy: - 21.3%, significantly smaller (p = 0.014) — Grim 3 (less apparent previously)
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(Z 5 1% Discussion)
IR DEEDOWREN g-TFT 2L A LT3,

L2>L. RI GRIEME) 1% Accuracy BNEW & L iR 2o TW 5, e & IXEW,

EBRFERP OB SN D1TE 2, HWEERE LTHRAE LW,
ZDT=DIZiE, FOHEEZ T TR HIOITENRRZEATIHED Y
T8NV — 2 85wm] DT v ¥ 2o !
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FEBERICAIL T

r(G;p). r(B;p). BLOr(G;p)-r(B;p)ixH72
p DA% & 5%

& pel0,1]12 DT
(r(G; p),r(B;p)) 23T v v =BT L 72 %
ITENVS — LB OET NV EEBET S

= ODENEF T ER
| OB Bk

Naivete
Reciprocity (Social Preference)
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Naiveté (Randomness, Tremble-Hand)

BIENE & ITERERIC

R 2e(p) T CtD%R27 0 bhFafR
FeE1-2g(p) T EHIZTFaAf R (770 THEREHME + [Social Preference])



o1

Social Preferences
Either

Positive Reciprocity :  Good #8124 % LHFZIIDLI D
d%z& s L L= b Co(G; p)H

Y —Co(G: p) z SZ(2p-1){r(G; p)-r(B; p)}

or
Null Reciprocity : LDERa R RRL
>
Y - 92@2p-I{r(Gip)-r(B;p)}
or

Negative Reciprocity : Bad #8l£E3 5 LHFEEDRI 2D
cx i L.LEMaX N Co(B;p)M

Y Z 8Z(2p-1){r(G; p)-r(B; p)}- Co(B; p)
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EH . (r(G;p)r(B;p) T v aBglind
g(p). Co(G;p). Co(B;p)lI—EIIFET S

Critical Accuracy Level pe[0,1]837FEL T

g(p) X pZETEA & LT Single-Peaked
Co(G; p)iZ p< PIZBWTIE, plz oW THED

Co(G;p)iZp> PIZBWTIE, plT-DW\THEM



53

Naiveté &(p)

c(G; p) c(B; p)

>

0 05 Critical Level p 1 Accuracy p
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ZODMV—FFT7 (T RTUHR)

[Social Preference] vs [Naiveté]
Social Preference 2338< 72 % &

Naiveté (Random, Tremble-Hand)72 < 72 %
More Conscious

[Stick and Carrot] vs [Kindness]
% Accuracy 23mE 5 2>% Y [Stickand Carrot] 2MEX B K o725 &

HRICHHT IR LERERIN 225
FFIZEL 25
Positive Reciprocity — Null Reciprocity (p) — Negative Reciprocity
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Matsushima (90) “Long-Term Partnership in a Repeated Prisoner’s Dilemma with Random Matching”
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