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Abstract
A social dilemma has been defined as a situation in which (a) each group member receives a higher payoff for defecting than for
cooperative behaviors, and (b) all group members receive a lower payoff if they all defect than if they all cooperate (Dawes, 1980).
The free-rider problem is associated with this social dilemma. The public goods game (PGQ) is a decision-making task simulating
the above social dilemma, and a number of previous studies have indicated that introducing punishment increases cooperation in the
PGG. Although many studies have indicated that physiological responses affected by participants’ behaviors when performing pun-
ishment-related tasks, this association has not been investigated to date in relation to PGG. Therefore, we investigated physiological
responses in the PGG to elucidate the association between physiological responses and choices in the PGG. Participants performed
both an ordinary PGG and a PGG that included probabilistic punishment. Heart rate (HR) responses were compared when partici-
pants contributed and did not contribute in the two types of PGGs. Results indicated that when others’ choices were presented in the
ordinary PGG, peak HR acceleration was higher after participants choose a non-cooperative behavior than a cooperative behavior,
whereas when others’ choices were presented in PGG with punishment, HR decelerated after participants choose a non-cooperative
behavior than a cooperative behavior. These results suggest that cooperative behaviors in PGG with punishment are associated with
punishment given to others, whereas cooperative behaviors in the PGG without punishment are associated with larger rewards with-
out costs. These findings extend our understanding of the relationship between cooperative behaviors and physiological responses

associated with social dilemmas.
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1. =2 - BW

NI UIE VIR RIE Y 2372 < & b thE ~DW 1597 5 B3,
ZORFIHBBEROEA LD & H A S OIS % #
TOHLEOIBITEE LD b HDH, ZOXO R, el
HOOFEEN AR —ETh 2NN AL L <R &
W9 (Dawes, 1980; Dawes & Messick, 2000), fL&=/)Y L
URBLTIE, BN I A M AR DTS 3T o 7otk
SEIKNZ L DFBFICTIERVET D7) —F 4 X —0DIH]
EBREL D, 2RV IZEMARKOFFAERTSETL
FE o7, a2 EoFEREMO D3kl s s 2
ENEELYL, HEMY LU= RSB D EERY O
PHENZ SN TIEZ K OREHIA S 5 (e.g. Yamagishi, 1988;
Messick & Brewer, 1983)

AR — 2 (Public Goods Game: PGG) 1XZ D L 9 72
AT L~ OIRPLE S — A BRERAIC R L 72 D T,
W IATEN A SR ATEICR T 2 E R ERE & L TA<

a Union Press

HunbinTnsg, RlK72 PGG Tk, BMEIE s/ v—7
DEENIEET 27— VICERZIHT L1 E S P0E
BPEZATV, L8R IRE, 70— 7 R0 & FHL &
D —EDFIEG T LI EZ RN B O NETFEI
HolebONEAOFIFE L THEZOND, DED, &
B2NLHTEREOFENRRE < RDHH8, L L7y
(Z V=4 X =272 %) HAETHMOEESILE L T
AEa A M L THOMRE & CAGZERTE S &0
IRETH D,

PGG IZHBEWTZER Y OISOV T ORBF 1378 S
NTEY, ZOME T EL LR SELHEL LT
SIOEANENTEHD Z EBY LTI TE T (Fehr
& Gichter, 2000; Sutter, Haigner, & Kocher, 2010; Yamagishi,
1986), ZINHEMN A b &> THELEICE % 5 2 % 05
D E W T E DG TIEE 7 — L~ OB FIL DB
INER H 7= (Fehr & Gichter, 2000), £7-. ZINEMN
TV =4 X —ZE & G52 b ERMETIEEIN R PGG
FOLAEBICIEES EH LR, BT a2 Lok
BICHMZ 5 2 5D & ) S Tl 1o 2 ki3 /e
o7z (Sutter et al., 2010), Z DKL H 2, EMOEIZ X
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% PGG TOATEIDOZITZL S MESN TV D, Eths
IZHB W TIT AL TV 2 EHEE A ORI Tix 7 < BHER
MEIZ KX 581 T D 2 EMNE, FEBE MERICK 281%
BATLHZ LIRS THIMEERENERT DL HED
%% (Skatova & Ferguson, 2013),

—MIZ, B A& FREICEY MLA TV D RFIZIE SN
KRANDBREBIRWGE THHIRIITENERET D R
DAELDLZENTREINTED, 9 LIAEBEBRISHT
B BT AR H R S LTV D (Crone, Somsen,
Beek, & Van Der Molen, 2004; Wager, Waugh, Lindquist, Noll,
Fredrickson, & Taylor, 2009), L 7L 72235, PGG #fiE
DA SN DV THRRF L2 fliE 7z <, #hasmy vy
~RUICB T HFOEAIZL Y ED X9 2 AP RE N
ELDON, ERRHIETZTERY ORIUZED L H I
B 2 OMNICOWNTIIFZ L A LB LN STV,
% 2T, RTINS — TR T o BERE & AR
HIRSDRBAERH LN T2 2 22k, ey Ly
VIRV T DRI L DB DR AR T L2 L &R
HE L, 20k, oA PGG &, KA
DA &SN D WEDIRVHERUTZ K 2 8l &AL A AT
PGG IZH W T, AFAVHEIE & L0 (Heart rate: HR)
ZRE L, SEPICBIT 5 EORIGNNE — 2B 60N
T2 & TIHNTTERY 2 &0 D B EDHAKIE & D
B A ERRT 5 2 & 2l T,

HR | i%ﬁﬁﬁﬁ’] ZEIR SN D RN A~ DB SN R D B
NoH%E, RS TRORERN O 2 FHEEOE L, 0%
m 3‘3?‘5 75‘ (Koers, Gaillard, & Mulder 1997) . HR I8 iE 1%
Bl A2 JEAR A R TR B 2 R U T s 0 FI A~ O SO E AT
Bt a 3RS & H7p I TW5  (Bradley, Codispoti, Cuthbert,
& Lang, 2001), — . WEED %I Z % HR MN5E 1328 K
FRRROIEI 2 K LTI Y | IROITE~DEVE FN—
TarERIALTWVWDH EEDLN TS (Connor & Lang,
1969) .

BREREOHETIE, U A7 2045 BB EZEIRT S
BRI A AR R SIS S UL S0 5 2 & 0 B A BRI R R S
URAZIZES iRz f b D 77 LTl & L
TW5 EEZX LTS (Bechara, Damasio, & Damasio,
2003), Z D72 Y AT OEWERE T 5 ERIZIE HR O
HNEYDREL 2B EB2LND, EINFIET 5 PGG IC
BONTIEH L2 E W) BIUTH COFGEZR S 3 Y
ARIPEWIBIRTH 5 —T7, FDRWPGG Tkl &+
HEVGBITEEY & LI FBEFICHCOFRISZ T
TENTE L0, OB LA A COFEE I
LT IURITOHLEBREEZ OGNS, LELD, EidHD
PGG TITHLH T, F172 L PGG TITIHH TZ L LhLN
DONMHEPEZ B EEZ HID,

S BT, AR CIT LA E M (Heart rate variability:
HRV) @ R-RIEMREOEEE ST — 2T kLo i JE i
By EARJE B RSy O ke (LE/HF) % 28 5 F 0O 28 AT % R
SO L L THWD, HRV IZHIERE ) &2 Kk L T
W25 E Wb TE Y (Thayer, Ahs, Fredrikson, Sollers, &
Wager, 2012) . 22 #7500 HRV O ARV ME A 1L 8 B8 73 i {4

ANHBRBEARTTE H 1481 %

ICH L TCEVBURTHD Z ERHEEIN TS (Katahira,
Fujimura, Matsuda, Okanoya, & Okada, 2014), & D7z A
JET B LHHFO HRV 5y MR & ST 2 BURME A &
<70, FEMHFIZH L TEHR G2 5N DFREEDOH 5
STV REERR (L) 29 2& TSNS,

2. Ak
21 EREmME
KA 274 (B 18 45 20.10 = 0.77 1%) NFEBRICS
MUz, ABETIEIZNE ITEAMTALM & LTt %
TLEMNEIPEBRIRNU 2D, ELSEZTITERRNEZ LA
REtEZ R 720, 2T E 72130 & v 5 SRz L
T2 &SN BERA Lz, SIEIREROBMEIZON
T EZ I ERSINCFEE L7z, TOB, REEHEZ
ThHhoTHWVWOTHLEREZIEDDHZIENTE, ZHUUT Lo
TBMERADBAFREEHL D Z L i WO Fi &=
Jie FERETH, ERORICG C TS L,

22 FHE

BINENC HR ED 720 DO EBIR A2 H 35 U=, 2o
®D HR % 5 53BHAE L=, Z0tk, S0 PGG % Kl
L. % CEI&ME9 PGG 2 Fhe L7-, Fipdiiznsn
20 1717272, PGG O—iATOWMNZ K 1 IZR LTz, K
WFETIXFEBRBINE 1 ADMAEORE 3 A& PGG 2175
7oo B2 PGGITHB W TIE. BIMFIL 100 &2 ILFE L,
FAITF —A— FOF —EPU L > T 20 HEILHT 50
EIDERE Lz, 72f, LRI 1N TITY b
D& L, FnalE L ARITIIRIGZe L E L TlRbiLe,
TN—T OB NI LRI AR S, AilEEE 2
F LB TR > oA SR BIE T S 7z, L
Rz, BRa G L8 OTHREEICR RS I, & H
DRI OFERAG S0 2 WM 23 i 1o Ros iz, Elow]
REMEDN B 5 PGG Tl LB IR IZA EIOFIT TEIA %
TENDMNEI PR ERSINT, BIRdHLHRITTIE, £
DOFRIT CTIIH OIRIR 21T > 7=l BT A 5 Dl
DNHZHNRNOITINA T, FiFfen b 30 [HiEgE S
HEVIRETH T,

SMEZ AU ORBIZFEET L2 AHTHY, A
DORINH B 53 OB & ok B OB 5 & Hor S
iz, EBRIZESUSORBITFEL TE LT, ok
Boffoida v va—XICLoflsn T, g7zl
PGG TOfDOREE 3 ADOEIIE, = ABH 2 353817 - =
ALY 7 38T« — A2 73807 - 0 ALY 35T C
BV, TOIEFIISIMENTH T X =T AR
iz, EldH Y PGG TOMODELE DOBPUL, =AML 3
RIT (OB IRITATRIT) - AR 7TRIT (553
ARITHEIRRIT) - — A2 71T (9 B 3 AT ERAT) -
0 AL 23 33897 (9 B 1 RAITHEIRIT) Thot, &
BITO 9B 40 % NEIRITE LTREIN TV, 20
FILERITOREIZ OV T PHHER IR T e ho Tz,
SIMBNLZ D5 — A CHTRAS & o X E RS IS x5
HEHALAEE 2 5 L2 b, BLOFELVWNEICD
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AA. c.C. B.B.
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CORFIEIFALLTYT B.B.
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(b) EidHY PGG
1 —#fTo%Nn
WTIEEF BTV d o7z, Hz) & {XJE 365y (LF: 0.04 ~ 0.15 Hz) @ k& (LF/HF)

2.3 AIHIEE

FEERI 28 L CLAER (electrocardiogram: ECG) 723
RSz, ECG 1A DR NAIRGIC Ag-AgCl A 2 %&
T OIS T L0 N S, AREpAsiLE
(BioPac Systems, MP-150) #Jr L C A &iLiz, RIFLT
T — 2 TR Y 7~ (BioPac Systems) & MW\ T
AT T A RN S 472, HR O43ATIR, L O A 3R
ToHSPEIzERE Lz B, 2EREOHOT 1 —F
Ny 7 S e Lz 6 WO W R TiTbhiz, ECG D
REICE VLA E R L, 04A%k (beats per minute:
bpm) (ZZEHL L7 b D EGHTIEHER L7z, BN ERAT 1R
IO HR Z#XN—2 7 A & L, DHBOE TR ER 1% 0
N 3OO HR Dlg/MELN—AT A EDEL L,
OB O LHNEITANR ETR% 4705 6 OO HR O
BREER—ATA L LDEE LT, &5IZLHRFO HR
mb, EET7— U =4 (FFT) 12XV HRV #HH L7,
FENTIZ I HRV #2472 7 1 (Kubios HRV analysis software
version 2.2, The Biomedical Signal and Medical Imaging
Analysis Group) %\ 7=, Z 2 TiL5 Mo R-R R
DJP I T — A7 MV O@ER K (HF: 0.15 ~ 0.4

AT Tz,

3. #ER
31 TET—4

WHFIZOWT, FEM O t MEEITo T2, T ORER,
HdH Y PGG YL (0.78 £ 0.17) X517 L PGG DL
F(0.51 £023) LV HLAFEICEWZ ERNRD LN (£ (24)
=5.85p<.01), ZOFRRNE, KT IITHIE L [F
FRICET OB AT K o TR L 72 2 & B3R &
7=

3.2 HRV

LD HRV AT DWW T, AR DG Eh &2 7~
LF/HF 4y & L% & o R o FH B3 73 4 &2 47 - 7=, LF/HF
135172 L PGG TOHLHEE L ITHBEN A B IR o T (r=
—00,n.s.) 25, E1dHY PGG BT HIEREFELRAD
MR A BN (r=-55,p<.01),

3.3 EITEDDARIG
HLH & FEHLH T HR BUS S ZENH D DN E Wb 5 7=
». HR N « HR UK Z 22020\ C, sbEICB I 2
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(21,1) = 5.25, p < .05), Bonfferoni {12 & % % E L E D
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HAR T 4 — F Ry 7 SR A TO HR AL X0 &9
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X3 : ROBRITORNIC L - TEEST L=, 172 L PGG
IZB1F 5 HR #:%

BT D EERGE & BRSO

FE ML TWDH EEZLND D, ZV—70OE
RESOWHEN T 4 — K3y 7 ST HERTO HR K
IZ2OWT, RORITITE T DL - FEILH TR LT
g L7z & 2 AR EEITR bR Do 72 (£ (21) = 1.66,n.8.;
X3), 7pds, MUHEIROERTO HR OS2 OV TIEA R
mEFREEN R DT,

LR & HR IIEGERIZ W C OIS O R A2 3 11
R LTz, AR HTOFER, El7e L PGG TR L, 2
B oW 2RO HR MHRIZE OFHBIN A H LTz (r=-45,
p<.05), E7=, FldH Y PGG TIL, =L 2HOHLH
74— RNy Z O HR Bl ICBE OMBEAN A LT (=
—49,p <.05), HR JBEHOEIIIK< 22 51 & X 0 Jak 23K
ENZ EERTID, ORI, HR OFEGHIFEN K E W
FEHHRN TR - TWNDH L2 EET D,

4. ER

ABFFEO HIE, 2P L <RI B T DI
X 2EIOFAC K > TEU D EBUMIGED /N Z — 2 &
EMI L, TN, MhEER)OBIRICEDLH I
BT 5 0z et s 2L Thole, T, I
JIHI 72 B BAC KT 2 S O ATREVE 2 ML 22 A A 72 PGG 1T 385
D AEBEEE D T H AT o 72, EORER, F1H Y PGG
DL = & HRV ICE DR bitle, S HIZEIR
L PGG IZB W TIF B O N 2R SN2 T o HR
DEOVIMEL TV DIEEMHEMES 2D~ FldH Y
PGG IZEB W TIXZ DR TO HR AL 0 i L T 513
EHUHRMEL 725 LW FERNE DT,

Eld D PGG DL AR & 2RI 0> LE/HF & DA R4 5>
5. ZERFFO HRV 2MEWIZ &, F1H Y PGG T L v Hhik
F7221TEN GEILH) Z@IRLAaWEmAH D L) Z &
AR X, JEITHFE) D HRV (XHIEIRE S & K L
THY . HRV OARME A T AR 2 I 5 2 U
DEWT &R STV % (Katahira et al., 2014; Thayer
etal, 2012), Z DI E0HABFZETIX, HRV 23K & 5
& D BREERY 22 b T D I MR < Zp 0 L KV Ees
DB AEBSE TR, FIEZTRVE D LR
2T 5 LT REMENR B 5

E172 L PGG IZB W TITM A A R L7237 L 0 b 3E
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% 1L =R & HR INJEOE O FHEAGR
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HR JEE HR SN HR ik HR fniE
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Link oz, ZOETKROBITTOSME O - FE
W TR U LEBRICIE R ST ko e I 78
EA~DWERTH D EITEZDO N, WA Z T -5 5
METEREEL D & REAMRRRIE OB R 5
% (Uchiyama, 1992; Vrana & Gross, 2004) Z & /5,
ORI FL B A D AR R SO 1T, g O A
BEORENEZ LT, FHORE S L THLHEB LY %
SOFEEBEDZENTE I LITxd 50 2 Kk L
TWD LIRRATRE TH D, —H T, ZOMRITEERE
FE T O LHIINED N WD E AT & o THHIZ RN
EZLRBLTHD EWVIFEREES LAV (Kimura, Ohira,
Isowa, Matsunaga, & Murashima, 2007) . KFREEIZ H 312 & -
TORHEESGT D000 27 HWET 505 LY
IE. U AT OIRUVIRRE TR % H Lk T H 43 720 235
WEFDLNE D IMOBEPRIRN TH D72, ZDE D725
AR R O S O E U= ATREER B 5,

Flod 5 PGG 2 W T, oA #IZ X% HR UG
DEBEZEITR LN D> 7205, FBESHTIZ IV CTHLHH %
DEVIEEHR ALV L T2 ERB LN E 2o
720 HRIBGHR TR~ OIEERLENS U T 5 721 (Bradley
et al, 2001), S1d VD PGG IZH W TIXIET DAY/ &N %29
HNEEMOREDOITENCK L TEALA L T2 &
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BN ARG & 20T D 70 & OWRDUTE I TV D D % #Bl52
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nHZ ENRDMNo TS (Bandura, 1965), ZiHDZ &
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HHA 7R A T U U 2 A TS RTREE S B D, L,
Z ODRGEN A 5 O B D RGO EE & KM LT
WD FREME B AT E eV, Mok B2 &0 &5 I
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