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Causal induction about contingency information has been the subject of debates,
between the power PC theory, associative learning theory, and symmetry bias theory.
Whereas most researchers in the subject area agree that cognitive bias is normative
induction process overestimating particular cause-effect associations, the question re-
mains how the cognitive bias is originated in humans’ behaviors. This article offers
a dynamical logic called ad-hoc logic, based on a lattice (topped intersection struc-
ture), that is continuously removing and/or adding its own elements. The ad-hoc logic
implements the negotiation process between the system of representations (type) and
that of objects (token). The asymmetry between types and tokens embedded in the
ad-hoc logic can paradoxically lead to symmetry bias. The model is consistent with
experimental results of causal judgments in literature.

Keywords: cognitive biases (FBHIMNERFE - /N1 7 Z) | causal induction (KRS |
lattice () , type-token (¥4 7 - v—2 )
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Origin of Cognitive Bias: Ad-hoc Logic and Symme-
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(1. Department of Earth and Planetary Sciences,
Faculty of science, Kobe University, 2. Senior High
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Many fallacies and biases in human reasoning and judgment have been reported in-
dividually, but their relationships have rarely been argued, and we are still far from
a unified psychological theory of thinking. In this paper, equiprobability is proposed
as a key concept in human thinking from a Bayesian probabilistic perspective. The
importance of the equiprobability assumption, together with the rarity assumption and
a tendency to seek information, is suggested from the results of our probabilistic ap-
proaches to various tasks. These tasks include deduction, induction, and probability
judgment, including the Wason selection task, covariation assessment, hypothesis test-
ing, and base-rate neglect. People seem to have a general tendency to assume the
equiprobability of any two target events they encounter. Using ideas obtained from
studies of inference in animals and in people with schizophrenia, the adaptive implica-
tions of symmetrical inference, based on its relationships with the phylogenetic origins
of human creativity, language, and social intelligence, are discussed.

Keywords: categorical syllogism (£ SM=Ediik) , coditional inference (54 3CHERR) |
Wason selection task (7 = AV ¥ 4 BUh — F@EIGEE) | causal induction (KEMH) |
Wason 2-4-6 Task (2-4-6 #8) , base rate fallacy (F:HEZFEIR)
(BEZWirE) |, schizophrenia (& JHAE)

, pseudodiagnosticity
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INT d = Y APEBRMITARONTE /. 72k 2
12, T LAEASHRICN D (p) B, AT BRI

2 (q)) & THETALEERII 2 (q)] 7S ATA%EA
NDHP xR BRI D, FRROHETERSES (B

FZ Lo TRIERHROBYUMEEFESED) L)
WEE VT, WHENERIC BT 2MEs R Sh
LW E)PHPRRONTET Fre 2R T, &M
SSRGS e LT ORURMHER, §2 Z) &
NABEAND B LA EINTEZ (e.g., Rips&
Marcus, 1977; Taplin, 1971). Evans, Newstead,
& Byrne (1993) AL a2 —LTwb k91T, A
EBMEL LIBRED 11 0OFERTF— 505, £3
DHESATOHEEmREEL W DL LTZIFANLS
HEEFHT DL, MP: 96.6%, DA: 39.6%, AC:
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[ Ja(valid) ZZZalb (valid) BJb

XN b/c I c I others
0.0 0.2 0.4 0.6 0.8 1.0
B
(5)
BD
2 M
>
'_
E
o D
L)
C \ \
(10)
!

Proportion of Inferences Made
3 S “pAq— r7 KT B IHERRG R
(&B, 2002). f#Z a, b, c 1, FHX
Z0FE (=), BEMHELELT (o)
W2 () BRL-doe RS,
ZDY A TN IERZ KT
Y A TIIARLE SR,

39.5%, MT: 60.2% & 72 %. # 1 AiHE 0% SRt
(1) LT 5L DA & AC bafIICIEL W
HFRIZBDHI NS, ZORRE, FH4FoBME
B UG IHIS 2HID3H 5 2 & 2R
LTWbEARDLIZENTESL, 7272L, MT DIEf#
PR T &I EH BIREY 720 DS AHRRREE Tl Ei
TERW2D, HRW7 71— (e.g., Oaksford
& Chater, 2008) 2SL%Il7% 5.

Geis & Zwicky (1971) 1, Fill, ¥, &L, &
BB, e, REFG LR E2RTRULp —¢q
i —p — g L) HEERE ABIMICHERET L LT,
N & FEMER (invited inference) LIFAZE. [Z
X 5725 (p), BIZFMBITS (q)] EvziL, @@
WL [Z2M52F0UE (-p) THB T\ (—g)]
CEVEEING. WMEEEZEANL, —p— g 1
q—p b0, FHEMERILOHREZFHEL
TR LEZLZELWMHETH D).

MEB (2002) 1%, it & EAFOFEMNEIRE L D
FHELLARE D, p,q,r D3THZMHST,[H L p

5) 72721, MEERRICIZ S OBIRIELT LA LAV, 4
3 p — q DR R P(qp) TEFT 5 (e.g., Evans &
Over, 2004) £ 55 &, 72&21E, P(p) = P(p,q) = .01,
P(q) =.10 Dt &, P(qlp) = 1.00 (&), P(—q|-p) =
91 () 7225 P(plg) = .10 (8) &7%45. L7235,
COBIRIZBWWTC, FEEE (TF]) 13 (8] e &
T LT,
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22 q %blidr] (pAqg—r) DRRDOFEHALDHE

WNT A== Y AR EBRWIIHE Lz T TR,

ZORERZHINM L TERT L. ZOFERTIE, 72

&AL THERIERACR (p), »oBE&ExH->T

WAL (q) EXIZAT L ()] (Byrne, 1989, £ 1) &

V) SR L RIHRICE L, 2 BRSNS TR

FREANIEW (p), EFIITS72 (r)] RO %R

FORLT, Mz OETHRRSE7. &2 iRXo

AR, p, g, r EENLORKRE, BLUZER

LOHhs 20%ME ([92] A) THELLD

DT (72720 pA—-p R EWEBRAY) , FH18 3 (H

THRELIES) PHE SN WHENEEr ST

MEERD ADDY A TIHHET 5 2 EHRET

H5.

(1) #WEZ A7 B: 52 bN5M30 2 BE
(biconditional) (R L T H [A Uk awA5E
Pz bo. (51H)

(2) NEY A 7 BD: #adhESEA (disjunctive
form))CHHLIME, ¥4 T BEFAL. 2
DY A TF, B 2HILLD —r OYET
T, IEf#E —pV—q TH5.

(3) #Ey AT D:KarEsISEXT, Wil
R L 72356 L dkmas Rz 500, 2o
¥4 Ti%, BRI p DHEE q DY
A0 2727 T, ERIZENEN, —qVr,
-pVr TH5.

(4) HBY AT C: BULHWIIAATEL B\ 25,
M WIS 5 & B Y TS S
% Ho. (10 f#)

FERFER 2 T L7RERDY M 3 IR EhTw
5. fEDINY — JIHEBWMRE S TWiz7zo, K
DABNGE L7z, Thbb, H1HHRIO [4
i3] %, Z0OF % (as-is) EEREEITHRL7-%6
O GREMIEMR) (a), B (biconditional)
&L CEESFMEITHRL 72560 (b), # (cov-
erse) ([ZfFM L 72356 D (c), w&EIZ, Thl4t
(others) ® 4 T TH 5. KUIIFHRES 1 THIOMR
DHEDIRINT VDY, f#D “a/b” LkoTW
LD, 547 BORETIEa b DR —HT
AL THAH. RIS, 47 CORETIED &

6) S LI [z 7213 y) OWMBEERZRML, zvy &R
RREND. WMBWICIE, EEILESEHER o TH &R
RHIENWERTHLH, ZITIE, FIMAKRLSE
FKBUHIE T 22 BT, 4B, z—yld zVvy
LERHEZO TR L ART.
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£4 TEO2HLICHET S 2 x 2 HE%E

. Q
q9 —q
p a b
-p c d

) FHop, qld, FHX [p 251X ¢l OHifEE
Bt B E R SICHIET 5. G p, p &
HREGEEZRL, NROFGMELERNTE, GiEDR
SEREI R EICHIET . Vv a, b, ¢, diE, F
SOFEEZET. 4B, FREERIIOWTIE, p,
q POV c,e 5B,

cB—HTHDT, “b/c” LENTWE. ZONT
B® Y HERS) (others) UAEAS, bW 2 [ St# ]
Thb. #47BLCOIRE (Wlitbegsrl 18
i 15 8) Tid, BEAHREICEI s TIZEALY
TRCOMEZHWUTELZ L Wb2 S, Ll
7 47 BD & DI 27217 TlEEH 2>
MW, (747 D ® others DRPAL [Z2Y % fsH
L] EWIHIRIBTHD.) TOHIZONVT, M]EB
(2002) 13, ChHDMPEFHNTH 5 HIZHH
LT, HMERDLEMICL>THPL TS, F
bbb, BEEAOERIHESHERICHSTHERE
Bhev. Lhd, BEIEETh-aEORS (7
ERIE, pVe & EOMIMEEERET S
&, BEMEPWALT DHERIEH N0, LAY
HREZRH -2V LIRS, LEdoT, 20X
9 Ak T SN L BEMICH D EER BT EDT
5. ZOEZIZ FBIHA LZBEGREOMR
ta—YA74v7 - E7 )NV (Chater & Oaksford,
1999) LT L2 LD TH 5.
DEOHROENETLOL L, FIEC0BEM:
IR E NS L) e (FHERMGE) T%<
DFEREDBHIEND B OD, ThIETTRFEM SR
ks (K3 OR& D IS) SHENIAFTET S E
WHZLTHD. SHOPEEMSFEERI L 5T,
HERR/ 87+ — = ¥ ANTHT B IRE DO IEHGE DORE D
L OWREIC o7z DF D, USROS 4 —
R UAERBAT B0, M ERSMEE LR
MEN2 &) BARBNLHATEIART5Th
D, FESEERIY Al 2 Bide & L 7o 55t & il
WDOREIPLETHBIED, TZITHEISIFLN
VAR AR

Sep. 2008

3.3 AV ERFE=EHKEE+ERRE
Wason (1966) ® 4 fith — F#EJGREIL, hF
TOHEFRW LD T D HEIINY RiFonTE
7o A0 TFVOBEMEHNEIE, RO XD RIVE
Thab. FHEIZTNVT 77Xy b, OB TE
PN A—FIZELT [ L—HOHP»RE (p) &
5, b9 —HOMmMIMBETH S (¢)] &\ HHIA
ELORE) PEENPD LD, HLECHD 4
OH=F, A7 (p), K (p), 47 (a), T (~a)
DIHL, ENEERTLEDND L9000 bs. 2
DOREOIEEHIE, —BOKEAT 10% FBE L2
T, 2L, HENEEEZ D L IEEEN AT
LIEPmohTEy, 80FERFEFTIE, 2DLH
GARAERD R B 2 WA KA BGR ORFZE A3 13 T
Hole. WEKFOHGNZ, HEDERREDMEHE
REFHT L L LTH, BEMRHEDOEERD
EEIZOWTIFHP LW, Tungwv, HiRiEEc
TAEERD A SN2V 6 & v o 72 2 3
WZaoTLES. bL, REOBRNESALDT
TN bOREE LEETLIOREETE, LEFE
ORROFNT 7 4V s DIEIZ DWW T DOFD
REBRbESHS.
Wizt KRELEZ D Eo0TF L o701,
Kirby (1994) O#EERIAFFEE Oaksford & Chater
(1994) OEFHMIETH SH. L DRI L -
T, COREIHT2REBPEDLoTLEST
LBETIERV. FhiE, AMoAHEMEICHT 5
1990 LD R 7, T4 bHLERBIIN T 58
BEVYBEEREMIZLE. FRET, v A Y
VPG E B OREZ L E L b Tw
A%, Kirby (1994) (&, FBIWHESR LA —F
BIRICEEST LI 2R L. ZoOBRETERDLN
TWb Z i, IEREICE [ERE 2 R MGE D 720
DEAPE] THS. Oaksford & Chater (1994)
ZZOMEBEBICHZ, "4 AERETVICE-
TZORELPPUIITENL L. MAES D RER
FIETDLpabidql (p— q EVImBHHAIT,
= FaESTAL, IRBBGEED 72007 — & #R
Thb., 22T, KO220KRT 2%%,
5 ORWAIEA LTV B FEEASH WA OWT,

7 RRE 2OLPEZ RV LIIOWT, FHELHHM
LT ETWDEWHI#H S H 2L (e.g., Evans & Over,
1996) A%, ZN7ZFOFRETHHHHWNBHY, FlH
HECLCHOBBANZITE A EED S &\ (Hattori, 2002)
ZERS, EFNVELTRINTRLETSTH S,
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1.0
0.8
0.6 |
C p
Q 721
0.4 we
13281804
5200 ¢ £17,22
236,14
L1913 05
0.2 le.m 7
13..%
.
004" 2101216

0.0 ' 0?2 ' 0.4 0.6 0.8 1.0
P(p)

B4 BEHEMGHY AV Y RIGEET -5 95
HifE (p) &t (q) DR ZHEE L 7=k 3
(Hattori, 2002). H® 1-20 D7 — % 1
FISCHkEZ 8. 21-25 1% Hattori (2002):
exp 1, prob, C; exp 1, orig, S-L; exp 1,
orig, L-L; exp 1, orig, C; exp 2, orig.

IDLLOEREE DO TH— FIZLEES NS
FTWeEZ 5,
(1) so:p— gL (£4Db=0)
(2) s1:p & gAML (R4 D ad=be)

wE, P={p,-p} Q=1{g~q} S={s0,51},
L, iy bo¥— (BT, Hiczrbo¥-—)
HThHobT. 72L21E ph—FoEESH
RTEL, p = FEEERTI LI > THEREN
5 IEHREOMFHECHESINS. ZOffilL, p h—
FARZTwREED SO buE—L, p D
H(Q) BbholzE3D SOOIy ¥ —tnE
THbH. £oTC, RDEHIIIRT LN TE L.

H(S|p) — H(S|Q;p) (1)

i 3D H — FIZoVTHRERIZKD 5N 5.

Hattori (2002) 1&, = (1) TE 5 WIAEHE
e — FERMEROMRE O TR T 1y 7 RS
XoTHELLZET LV (QODS EFIV) ZHK L
WED 20 HOEERT—F DX T GHNEINT X —
¥ RRD X ITHEE LT

P(IL‘) -1 / [1 + 62.43—9.2713(1)] (2)
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22T, Is(z) \&, #—F z OISR T 4
H— FOMBEEAEREONTEH 200 TH 5.
Hattori (2002) 1&, ZOEFMIIIEDINT, #ED
FEBRT— 5 O&H — FEIRENS, WKEHOHH (p)
LBt (q) OEREHE L. ThonH b, 1R
MG IS AR RIS 4 ITREN TV S,
Mo EIZ1 21 20EREERS (F—7 0l
JiE Hattori (2002) Z2H) . COR»HbL»5
Lld, TRTCOMIECEOHERIEFLTE L
Thb Thbb, (1)p & q OMEEINITHELL
(SR P(p) ~ P(q), (2)p b g bHEM/NS
WEESRfE 2 D (Fi D rarity: P(p), P(q) < .5)
ZEbNSD.
FHEMSGRETIE, Mt BoRE S &2iET
L12ODFEPI N BL R0, ENEOFBINE
RIZZT 74V MEPRAS NS L EZOND.
4 DAY GHHERIE, BENRLEINDE 2O00%E
OWEFROT 7 + )V MEIZ/NE L, Tz, 3IFHLW
EREEND L VWIEZ T2 IFFTHHOTH 5.
PDEED, vy VEREEICOWTY, Bt
SR OENEETH S Z LAVRENT.

3.4 HERBWEHZTERE

e LT SN BELMERITNTD 5. JoW
Lk, MBIHEG S — BB 2 E HERTH L. 2
DF 2 ENL LRG0 - RAROHER (Gt
ZEHIEH) 2SI X o THEBRISEANS &
X, WRIRM LI N D, EBHERIE, £4 0
IO 2x 2 FHBICE>THRIMTESL, L2
3 FABE 2L ORRBERHER o) LW (RR
HE o) OMOREBROHEEIZ R B, DT
OREEEL, Z I bR SN2 KRR DB
BoSEIbNS.

(a)FFZ KA T (c) BRIZ R 572 (e).

(D) FRE KA () BRI 5 2 dr 5 72 (—e).
()AL EKE B hr o 7205 (—e) RIS 5 72 (e).
(A)FAZHKETIT (—e) BIHIZD RS Lhoiz

(—e).

DF D, LEBHAIES S HAREME, ARSI
LRBEBROMED, a, b, ¢, d (RIVEHE) O&D
IO BB TERHATE LI W) MBEIRSET 5.
Hattori & Oaksford (2007) (%, KHJaio "3
Hea—YRX74v 27 (DFH) EFVEIRBLE. &
DETFTVORHIZ20H 5. 101, FAEHMEGIC 2
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BREAHELTWLHTH LS. WRHEROE 1 Bk
Z, OB O A S BB D H B B 2
W32, CoOERRTIE, FRLAMHBEL BRI
528l MRLEEEOD L ERE, TE D7
i, REE L, REFEmHE LTRET S
ESEENIR D, 2 BRETIE, MEOERE HIH
T57:010, HORNREBERET S, ORI
i, ML HROXG, AT Lo RREBEHEO SN
BROBERIGELH GO e EiEENE. H1
BEclde o= 254y ZABEASEYITH D, §2
BB CII AL SN EE L 72 5. DFH E7VIE,
FICH 1 BEBICHEDbIEFTIVE LTIRES R

COETFINVDOD I 1 DOFEUL, LEBIEHROF]
HOLPClbBETHSD. IR RFEHOE
1BBOEFNTH D72, MM EREZPHEICX
P, SRR, DS AR ES) ¢ @
RRE LTRD XS ITEHREINS.

Hédlirgo¢:a/\/(a+b)(a+c)

= +/ P(e|c)P(cle). (3)

ZIT, d EERRICEHSELDEF, KO 2D
OB LS. B 1LIEIHMIMKETHS. K40
Bl d I (DRI S VIKE] 22 L TWw257,
WE, o TRTHRI S5 2VOANLDHITH
5. 7zb 0L, HEPDSHEAERNT, KT ITHE
FTH B VIRBICW 2RI, MORBIZHTE
BIRICEW. L2 T, M 52 wIREDH
EAMREKICERSETD, £ omh, FHEEE
BRECEDLLWEEZ OND. 52 OHHIE,
COETNBRHEFEHOE 1 EREOETLVTH S
MOTHD. HI1BRIITE 0 CERE M
CENEETHL20, FEIGEMTTSTHY
CLATELZTMH LRIV, b ED ¢ ITH
NT H OFHREAE» % ) EMELTBY, L1,
dPHEZTERE 3oL ETRVOT, HEME
LTI, RETREBEERD D% MEERLE
HHEPSELTHEDEVW) A Y v FOHIfFTE 3.

DFHICHE LT, LDHENBLE,» RO EEL M
X, SOEFAPBDTEILF—FIZ/AHITET
$ %. Hattori & Oaksford (2007) 1, 8 fEDIER
T EHWT 2 x 2 FHRICHTLETIVEE
8) PU4FAHBIREL ¢ 1, 2 x 2 3 EIFED 2 ZHMEOMG

DEORBE L TR —HINT, KOKXTERSNL.
¢ = (ad —bc) / \/(a+b)(c+d)(a+c)(b+d).

1.0 1

0.8

0.6

P(e)

0.4 1

0.2 1

P(c)

X5 HWEFEMO DFH EFVolih H &
FHER ¢o D r* (Nw ~ 7 OHFE)
(Hattori & Oaksford, 2007).

HEMIZ IR L72, oIS & sh/-oi%, DFH DL
FHZ, DEEE, BEETAR, RENE, RJBSE EF R
EOXLWA LM EN 33 HMONT A—F a5 F
BVETFNE, SEDNTA—5 2 ELETNVTH
b, GHTOKE, DFH P Rd 7F—512&L 71y
b L7,

%3, DFH oz, X B) v LkHix22o0%
o EFEROBRMPIYE LTET I EAWET,
N [ZER] L) AHOEFETLHS. 20
Ao, HOREBREZEL 5720121 Ple|c) &
P(cle) DMl HBEL RITNE L SR &b
5., ZOZEW, BEOY I 7 VOLEOHmEH
HILCTwWa. ZZTiE, 20k R HEH
FICIEL W &) S TlE AR, EBRITE S HEfwmos s
N, ENREIRIOPPHRETH .

DFH iZ ¢ OEMPTH 270, BKREHs, £
DEZHIC ¢ =BT DI TEARv. —#KIg,
ta—Y AT 4y 7L L TOEMEITEROYMET
EDLHWRIZVOPEW) BIRPSEHM SN, A
9) i, & - W - B:H - i (2007) 12 & o TR
SNz [t tE (LS) €7 v ] (¥ - #£5, 2008) 4%
DFH E7NVICBL LD E O VEAERZRT I & I35
{29 %. Hattori & Oaksford (2007) &M LUT—% v
b & W CIE, DFH b LS b, r2 = .91 ThHo7z.
EHICELREETIVA, BA] - 8 (2008) (2 & o THEME
ENTw3. T, E<HLWRBEICES R Gk
TEFRE) EFANT, WF—%+y ML T r2 =.93
ZRL7z.
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2= AT 4y 7I13E, bbb T 5
FHmge L TR MEEENEwEEZ 55, DFH
OXtr, F=FIHTET 4y FOLERD, FEBE
WKHEHENTYS (LDIEFICEY) LE25
CEICREIR R WES D . TRPRICEDEA WG
¢ DEPORETEINLZ LD, EDXH%
RIAT ¢ L OEPEDIRET 2 0% AU, Bl
MZBWT, HEBROII 27— arho
£ BRW TR EINL BN D 5 O0HHERT X
5. 5 1, Hattori & Oaksford (2007) ®43-#t
(Simulation 1) OFREZMEEL 72D DTHB. Z
OFMEREY I 2L —va vy T3, P(e) & Ple) %
0.1 7225 0.9 FTO0.1 HATELI RIS, R
5V FRMIPE LT P(c,e) (5o T 2 x 2 4083
(BEA) ZHESE, Plc), Ple), P(c,e) 2 HH
L7z ¢ OB EEAD O OB (r?) 27z,
BIREOEELBOBTREEZE LT, 2x2 5HFE
1, WV at+bdce=Nw~7T£2BEICRD L)
2 L7
K5DYIalb—yaVERIE (1) c & e D
EAZIFHELL, (2) ¢ b e bW VIR
WBHAEIZ, HE ¢ OMBEPRHWI LEZRLTY
5. Thebb, Wtk SEMEEIK D TOBA
DFH M2 EE 5 £ 525610. Zhido%h,
bivbiud, MEIEARILT 256129 F kT
brXdhea—URF4y s EHCTHEN (X2
FREYE) ZHBILTWA I LIRS, M4 & X
5 2T DI D LI, ToORRIE A
v VRIGHEE D QODS EF NV DIST A — FHEERE
BEBOTILIHFALTVS, KL, IRBEDRMHD
12THHIRFMAEIC T 205842 BT 5.

3.5 {RSBIREEEFERE/ N 7 R

IRBARFE L, [7— & PURATEY ] &Pz THR&D
S & X L 72 5052 OREBATHh A ) 9w, AREE
KEEICB VT, Db IUIMBATE L Wiz o
I ET57, Mo TWAIRERD LD & Lk
WEEASH . Z OB EFERE/ N A T A (confirma-
tion bias) LIFRZ L2H5A, TOEMICIEL2D

10) DFH OE MDD L SN TV 720, #Hid
PICHTAERE N OV —DHREHE 00 Lk
woOERRIZIE, VY IVENERDBEOYE, P(c) &
P(e) DREFEINEVE, ALV dICEL DT
®, DFH OEPUIEF 57, 5 OFEFITHWTIZ %
Wb d BEERT L) YT 7 (Ny R—2R)
ZTHILICLTIILDT, TDL) REEIESNS.
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DOETHEDNH S, 1213, SEIHTHNEOBEK
HTH D, TN T AP TORBERIETH -
T, BEEERTE 2w, L L, @ [HEE 3%,
FEAE R AR Y. IGHARGEHFRED K 4 2 W CHRET
5 DT, IWHBE T A2 HPDEE%E p,
ELVHRAIOFEFEEY ¢ &3S, KEIEL
WIBEIZIXENV b & ¢ BEEFICLDIETTHS.
ZO¥E, BV a OFFIRBE [HEGE] T53
Bl, b, i3 [KGE] $5HEpICTHL. —F, §iE
N4 T ATHBEIZ LTV B D1%, IGHREED TB:
ELT, £40 —p OfTTR%EL p DITOHEHI%
WRTDEVITHTHS. LoT, HEENAT A
D)W xRS 72D OO, WEERERIEGE (L b 2%
FEHT2) L) EBRBIHZLIIRY, HAlE
# <. Klayman & Ha (1987) i, #iE N4 7 AD
b DIZIEFBIMEE (positive testing) & V9 FHFE
ZRIBLTVZOT, KIF5ed RIS,

b9 1 DO/, [N 7R Lwd ZEiFicik
AHT A TRBENRHDLIETHD. TONAT A
DHWT, IELOWEHENHERALIF SN ) (eg.,
Mynatt, Doherty, & Tweney, 1977), #-o 7z5—
HIZe 27 LA &4 Tt SN CRET % (eg.,
Nisbett & Ross, 1980) T &d5iml o T &z &
DL HBEICLBMREORNEEZ HREIC k>
72?73, Klayman & Ha (1987) OfFETH 5.
FAEHEORUE L, SNBSS, o,
F 40 p OWEINSL, pL g OREESHITIF
HELWIEAIE, EFRGER LW EFETHY, 3
FEWFCORBMAETIE, WSz IhsZ &
LW LERIELZ. 230, REBEICRZ BN
AT RS, EROMEEEET S L, FIRENT
IWHEREE T2 5. SRt L MO BN %
FIRTZARBOTRIE, ZOTAFTERBELE:
bDOTHA.

N ORI MGE RS, SN TR A2 T
TN TENL LWL RP 2, D L7720, b
bk, EHBRFEOEBRNETI CHWERTE
2-4-6 FHE (Wason, 1960) DOXA4 X[ 7 )L % 3205
L7z (HA - BRER, 2007). 2 O#EIE, EEg M
T 5 [3 28] BEICHT 2BAI % ZMEH LT
550TH5H. BMBICLAEHEOEFORR L
FhUSHT 2 EBEO T4 — KNy (E/A) %
TR Y BT 2 LI & o TEINF IR 2 8
T4, F U TFIVRTIE, R 2-4-6 £ v B
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¢ @ o

Situation 0 (so)

Situation 1 (s1)
h t

Situation 4 (s4)

Situation 2 (s2)

h t

@

Situation 3 (s3)

X6 2-4-6EDOEFAPMETS 5 DDIRN
(FA - I8, 2007).

FIAHANCE D EHTON D20, 2L oBNE
&, BENE (MBS 2 12 328 250 <k
WP EWIRBZ LT, FHUIEI WL OHhDH
Bl (7zk 213, 8-10-12 % 14-16-18 %2 &) Z R
5. ZOIEOIEME (33 55875 Th b7
O, INSOHEFNIFF L TRIED T 4 — KXy 728
BB, ZTT, BoRHZIELWDDOLIEFE LT
LEV, GhhhIERICEETLILNTE RN
EBRZEOBET B 5 —4y Ml (=1EM) t &
BB DVHET IR h %, FHRLEGOIEIZL -
THETHE, B4t & h OBRIE, K6 ITRT
50BN, EFNAETELETMEICT 72
B, AR P(h) 3% LWEL, KK so, s3 T
& P(t) = P(h), s4s TiZ P(t) = P(h)[1 — P(h)]
L2 F 7 s s 2BUYB R EEO—K
EERET L85 A —% (WEELITR) ¢ ZEA
L CRDOBRZE L 7=
a P(tss) 1= P(t[s1) (@)
P(h) 1— P(h)

C

WEE c 3, s ICBIFA h &t OFERILE, 51 12
BIFS -h & -t OFERILZFEBFICHEET S, K

11) FEBRZIE, t & h OEBOMAEDLE 4B)IZOW
T, TNENCBEHZOGENRETE D720, Wil
F—F AR 2 =16V ELLND. LHL, ThHD
%03, BEE LT, H5VIIKHE LTAREHATH S,
T2l 2, b BRESELT L L, RFIET HHH)
12dbBWVZ EICRY), —RIIFID L) A AE R
BRI bHEREZRVOTAEYTHE. ZOLIBAR
HARIRR 2R T 5L, K6 DO5@Y)DADERSLZ &
kb, 7B, TITEBMEIEETAIRHIE1 27
FREEREL TS,

12) R sq4 TiE P(t) = P(h) £$2%& P(h)>.5T
REEWEL L7720, TELREIHELREHKTCTEYE
LawndozBEEL.

Sep. 2008

MaEf e LT, IESBIMEE (positive test; PT)
EAHBIMGE (negative test; NT) O 2 FEFHAYE 2.
N5, BEEC & 2 FEREREOR E WA
BTN D EE L. DEOREIZL D, 20008
S A =% P(h) & c 2k o>T, KFMBGEERE Z
TCHE D HEAS BT A O & T ALATU FEIC 22 5.
BIEIL, WOV TIEGRE > TV B8 —
7y MEbh S RWI0, BIEO - 724K
HWFEBBOET NV E LT, P(h) #3803 508
WBIEMETE L7259, ZOETFIVOHRTBIENED
(LI N DTH D05, T A5 EFHHhL
BHRELETIVOEUNRIRLTFNEZHTAHADL L,
MGEDO WM BLRE Tld PT 25872205, ikl
NT 2B L, RETIE PT & NT AR EDL S 7%
& BB OMETE 20 OO BIE S
%. BEL#BEOR#ELETO NT ofF%kEIzow
T, TRETICLI/IMIEH 57227 (e.g., Gorman
& Gorman, 1984), <A ZAWE T MITHD { HEIE
WAFgElE, EEOHMBMY . £2T, ETVO
FRIR Y Y % BGRES B 720K R E AT o 7.
FEEIE, IR S h T a2 %2 1572
DODDTHB70, RO 2 J{TEHY I IVifE
LREZoTW 110, KEESNEICER
SE2DOTIE AR FEBRENG 2. Thud, K
HN—=F2HBHIORESEZHEIL, Lrd, wick
X5 2 OFE IS 50 % fESEIAT) 720
Thb. GG (FEBREM) &, HAOEEHA
(P(h) < .20; B : TH8E S R 851 ) & — s
BB (P(R) > .80; Bl : [R7%2 32D, L%
AEF] ) o 2 ET, BMBENERE L THEHME
DAY 5 —INTG Y AR STz 212, BEEC
L TIRFEIZIED 7 1 —F 2Ny 27 (PTICH LTI
“YES” &9 5R%, NT I LTid “NO”) L
BE Lol IREFEEENDLZ Ldhho72).
S, RS THEGE S5 | BfZE R 7004k
B TH ol KA 25 ZAVERRICSIL, #
D) BHERER 20 %5 DT — 5 5L

AUE (2 X 204) TEIHEERAZET VT 4
bEE EFNVOTFT—=F T BB, RO
IowgE Lz 9, 7F—% L CHBOMGESR
EEFLVRSHENEE, EF VORI F—% &
Rpn b zid, WMEORLZLEHO PT & NT O
RSSO &E (ExtHE) ORBEASET VO
F=INOORPEERLTWEE L Thbh,
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P(h)

0.0 0.2 0.4 0.6 0.8 1.0

R 7 246 EDODEFNLD2ODING A—%F
c (BEER), P(h) LEFVERED
Bk EEEORHRTEEIRL = SHE.

ETFNVOTFHDOEY) OXF VT 1%, ETVHTH
T5HIY bu—fE RKE) & EBROKNE
LDOEDOHFIZFTEMMIRET L VIEZHTH 5.
72120, ATY BMGEEOE W IZ BB ORI R
Bhb 2 570, BGERY 2 Hi2 S IEFICHAE L T
Wo T, EWHRH S NS 22N, EBEOMGEIZHE
DWCETFTVIIIAEFRE SN, 29 LTEHES
hzfatifliz = > o ¥ =@ 0 RBFEZ (cumu-
lative deviation in entropy reduction; CDE) &
IR, €TV OMEAEE (Goodness-of-fit; GoF) 13,
—log(CDE) T L7z, 735 2 — ¥ O #ftiiE
D7, ZHEHFERINCOWT, .01 < ¢, P(h) <.99
DHEPAT .01 AT RIZO>WT CDE ZFHHE L
7z, EBEE RSFE R HIZFH CDE
FRMELAZEZA, S DEVIZIEE A LED
LN edroizizd, MAZEY LT 7 ITRL7.
M7 &Y, P(h) 2% 50 fHET, Tz, cH1IC
EOIEE, ETFVOBMEGEN AT H I &b
5. KL OT—<ICHEHMET 5D ¢ OHEERR
Thb. ZORNSLYPLEELRHFFEIL, P(h) B
EOXI) izl LThH, c DLEAIFEHSTE
FNOBMEESFITHRIEMT 20 TH5. Thb
L, P(h) =y OLOWEZ L ->Td, 1FT4H LD
DOMFICRSE. 2O EIL, c DERBEEAT 1 D
BIZH B L) MR OB RS H W L EZRL
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Positive Mammogram [d] (10.3%)

Breast Cancer [h]

B 8 FLiEsREUEIC Il 5 (AR
(MREB - VGH, 2006).

TWh, BEE c=1LIZEIVIRETHA)
R 4) &Y, s1 Th sy TH P(t)=P(h) &
%Y, so KT AHZLIIhD. oFY, K6
REND BIRIMIE, ¢ — 1 DEE, FEHEMIZ s,
53, 84 D 3WPUNORT 52 LSRR Y, 3WRAAT
DOHHMBEET N TS o RHHNI RO 2 LAVRIE
b, ZoZlid, REzZEz0E, bhvbh)s
h &t Ew) 2 00H8EDHEMFMEELIEL T
Bl SRS OEZ T ETHELTHS, D
TV, IRBIMELERIC BT D SRR E S h
TWAHZEHIRIE I NIz,

UL, #moOETNVERELD, KELRE T
TESHIBT OWFZE % LT 5. Hidm & MR, O
P OENIIER w2 7 <, MAsIA S
WIS 575, SERESIE M HIBEREIC bR
ELBBRLTR A,

3.6 EERFRCEDMM

Kahneman & Tversky (1973) 1%, A% 2540
PR TE T L OMERZHN§ HE, LR (X—
AL—=1) LEENBHEREZ ) ECHHTEZW
ZERIRLT, REERMAL (base rate neglect) &
WAZZ 728 21E, RO & %8 (Gigerenzer &
Hoffrage, 1995) T% < O NdHIWi % 3% 5. [40 14
DEMDADATH 2RI 1% TH Y, ADPAD
& EITHA TR 2 B HERIE 80%, AAATE
VORBYEE B DHERHT9.6% L Lk &, #AET
Bt 22 o 7o DR LI AT D DR ED
CHWA ] SORED MBI 51X 80% TH 2
(Ef#Z#) 7.8%) .

MREB - PHHE (2006) 1%, FE#ESRFERAGIERI T
AEIZ I3 ILE T A R EORERESRON L Z L %
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CEL

AR, X SEGRE S W) R OREBIAME SN XD T L 20 X FEREBIZAR & BRSNS 2 &
PHOENTVWET. T, HEZIHERTHLIEZTHLEWMELTLEZE V. HARZIKOSNTVBEDIFKRD
TEH S BED X AEBEHICEE L TWAENE I PE AT 52 LT
BERE X EFEHOERERIT 1% TF. XERBICRELTWDL 251, RETHME & 2% IE 80% TF.

XSEBRICBE L TR WE L TYH, METHIEE 2 55RIZ 9.6% TF. Wi, BEOMENEETL.
X FEBEBHEOKLERIL 1% TY. X EHEBEIEFELTWL 4 51X, BOREIRYH HHERIL 80% TF. X

SEREICER L TWanE LT, BORERYED BHERIE 9.6% TF. W, BEIMEZLTVET.
COBENPARU X EREHTHLHERIIM % TLL I D BHETEZ TR,

%

X9 HiEsRgEm)RE 5 [MARE] RIS [BERE] (R - FEH, 2006).

L, COfE 2 RiERME (imbalanced prob-
ability structure) & IMFAZZ. (RAESARE &1,
SIIREND L) IEBDOMRE RS 2 ODRED
A X () PRE R L > TWREEEZ V)
ARG AT SR TREL LTHELERY 7 ¥ —
& (Tversky & Kahneman, 1982) b Z Ok %
HLTw5. EOBETIE, ADAOHRR (Hik
) P(h) = 0L IZIEPIZGZENTWEN, B
TR 7 2 H0RESE P(d) = 103 I3RS
TWZaW. ZMBIRES d 2EE LI wEED
NaA%, FEEIZIE, P(d) & P(h) @ 10 f5PLED
DRESHDH 5. ZOFETHDODRL TV LD
P(h,d) P(h,d)

PO ="y = Py + Peha

ThY, £E5 doFD [h ThYEG (P(=h,d))]
BEINIKE W LS, ERO/NS SITx9 2 85
PZD %A oTVWAS. ZhiE, P(d) 5 P(h) 12k
NTHMMIZKE W & (RS RS h
BV EERERIHEIDVWTWDS, Lw)orbivb
NOTAFT7TH5b.
SEMFUAEOE Z F I, N, §—F v
Mk 2 O0DEETA ADITITEH LWV ERERD D
HIRET 2R H L. Lizdt>T, TOREL
—F L RS % D DRI PN L <,
EBINHERR ORI 5K & <N B AN
HBHLVH LD, FEORHERMEE RO
JRRH7ZE§IUS, WSS L A5 SRS E 5 &
I B E A CTHERATIUEL, HsRonilk
AHFPRENSL, 22T, bhvbiul, K9DLH
ik W THERZ 1T o 72 (JIREF - PEH, 2006).
CO2O0HEIE, WITHHH 8 ITRLIcDEAE
CFUHERHEE RO, L L, bhvbhud—#d
WELT, WRUAMNIEEZG ISR TIFSERE
K (REBERE) PEETLEI L2 TVWEDT,

SEERRENHIES NS, X oT, BREDHII,
RS Z IR LT 2D, E@RIEL %22
LEZ NI —J, RAPEO TSR E
FHIE S M2 BERA R0, SRS 5 &
FRHINT.

FERIZIE 36 BORFAEDERICSBIML, REIT
SIMEMENTH 7. EEBEOKE, KiEETOIE
fRFRIL 78% (14/18) TH-7=DIIH LT, #MilFEE
(MASRRE) T 17% (3/18) 1Ic¥E - 72 ([10%]
DTFomExIEME L72), x*(3, N =36) = 13.5,
p < .001. [H%E (%) Ohgfiix, KHRETIX 8.3,
FEHFRE Tl 70.0 T, HEOGAIIRE SRR T
W7z, U =485,p<.001. E5Zhbbh (Hat-
tori & Nishida, 2008) 1%, FEERERIED SRR ML,
HHCH 2 723 R 2 5720, MBRNR HN— R
=V — (] oFEEHROTRE) 2, £kb
TERAEOME MRHMRAE O RN 2 TE) 2 L
TeFEEBRB ATV, RO REER L2 T/, HE
HEE D IRFES ORREEATE 72 1206V, BT
HHZEDBDOEBTHED DT,

DL E oSBT TERERER O T
DThotz. Lhd, INFTIRBEINTEE
HERGER TS A BRI VTRY, TRTOER
MREFHHT L EIIRETH L. EROBGHL
LTid, BB (Gigerenzer & Hoffrage, 1995),
ANFHEANEH (Sloman, Over, Slovak, & Stibel,
2003), iz (Villejoubert & Mandel, 2002)
R EHRIBEINTWD, BERGTIE, MEREHT
BONEMN R ESRO FROHWASEIETH 5.
W, BHEFRBUC X 2AGER R, R RE
TG ORMRE MRS & 2L, SRR
Lo THMDD L ANTEERHIE, ANTHEE
R 0ER (K8) OEOHMMIHLL,
7o, EORHEEOREORBELHWTER V. L
AL, ZORFHATEH T 5 IERE I, WhESRE
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DT LTHDEMHRT L, I3 FHEREGE T
DL 2 &R b,

PUR S A IS AOY I JL3 T e R 10)
SETEHRZZDOTH Y, SHEERFICRD
WV, RERSESUE, NSt &2 Z 0
ERATAHENEDHLEL, ZORNT, [MET
o & ZITHATH B P(h|d)]) %, &R
THZOLNTWS [HREADL XML & kS
P(dh)] ERALTEZDEEZ L. —F, Sk
PAFUL P(h) =~ P(d) 2IRET 2%, ZORE
P(h|d) ~ P(d|h) DT 5 DT, FHEFRMEA
& RS, R THMOL 2 HAET LI LI
B, 7272, BEESEAREE, BURSEARAYE N T
BRI B EEZ DO LT, SRR
W&, SEHEEREOBOE HYR IR T IERER AR & HeE SRR
PRI DEEZ D, LIzho T, (miss o Hig
LT =< Y ADBFRIZ, SRR T LD
HHETE 2w,

FEL (57— %) ARG OSSR 2 N E T S IR
Z, S & IR OSUIRTHIZE S T & 728
Witk & I B 8538 L b BIFRASH 5. Mynatt, Do-
herty, & Dragan (1993) 298 L72ROBIE, ¥
HOH EDL-EH 5 LSOV TERZ D
e 8%w) HRA, HHLIICARIZTLEYI L
I RERT, B (pseudodiagnosticity) & T
NTWD, [HOHIE 15 km/¢ (HAREH 720 0
SEATHERE) DLESED, EoTh o 24ERONWA T D
MEIZ V. A=A — X OHED 65% IE 15km /L
HZENbRoTWA, HiOHED A - —1T X H
Y DEE LR, EHLhEAA DIl DL
OEHIE, KO BEND. (1) Y DB 15 km/¢
U RELEE, (2) X OHESWM 2 fEHIC A A #E
BRI SZVEE, 3)Y 0BEOFEE. | o
OB O 6 FAt (2) 2EINL, ERO (1) %
BIRL7-201F 3 ERETH - 7.

HOBEDRA ==X TH5HEW)IRHE hx,
Y THrEVIEHE hy (=-hx) L, T—%
ZdlTrhE BELERLZOIRHOTHRY v X
P(hx|d)/P(hy|d) TH5B. "4 ZAOEMLY,

P(hx|d)  P(dlhx) P(hx)

P(hy|d) ~ P(dhy) P(hy) ©)

MEXY P(dlhx) = .65, P(hx) = P(hy) = .5
LIRETEZDT, fillld .65/P(dlhy) &R, &
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Do FHTERE (1) OFHRITAHYUTHDT, (1) 23
EfRENS 28Il 5.

Mynatt et al. (1993) I&, Z OFETRH#Z 5
Hz, bhvbhd 2 2L EORHEZFRIZEZ 52
EDEFTHE,D L LI LAL, LA, KR
I HIZ P(dlhy) < .65 ZIREL T2 EEZ DN
ZURTRBVEL 2. bbb, P(dlhx) = .65
EVIERDP S, hx & d OEMRELRELT
P(hx|d) ~ .65 &L, P(hy|d) =1— P(hx|d) ~
35 LHELIEEZOND. DF D, FHERMEKR
HTIOREOWL S DHWTES.

4. BELFHEERN: BEOXLD

ZZETT, ABOBREBIIHLTCIAETESN
72& 72V OO R EBE L. T2 THRD
P EREE, RIS, R - W B X OV -
HEPGEOMFEB CIb N T & T, Ehd
DHEBETICHOONTEZAELLDDIENY
Thb. THETIZ, AHOREIIONCTOREGHR
ETFVEEL KBS NTEADS, Ths ofEH
DOEEEDSFERENDL L3P o7 FRZ, o
NHITRTCICHMAT 20 OVTHE LGN &
X, FEZOMARY, ZhITlchv. T3, %k
FHIZDOWT, ARTHLARSL V MZowTT en
L.

(1) ESWEEamEam I 2 e
BTHDH, ZOREOHR/ ST +—~ v A& FiIH
T 5720101, HERNBIARERNTH 5. HEEN
WZFRHNET— 7 2 L BT 525 FHAHE
BB o 72720, HEFRWIITERILL 7.
ZZTHLDPICR 72D, bt BHiERkD s
B, SR SUEIEE AT L HRT TV & 5t
THEVW)ZLETHoT.

(2)  SHHERICOWTYH, RN ADH
WMTHDH. mPIcEO  EHBKN RS T,
e (MT) OHRREHRE DD % Vilidx 8 <
AT F CHMTE RV, EREROBEANLH
HO7zDIZIE, SRR e (IR 2 B4
R OMRINR) &, Mtk BlE R 268
MORENLETDH - 7.

(3) TaAVYOARA— FEFEREIZOWT
bRMECTH o7z, ZOREEMEHMGERES LT
4 AWHEFRET VL > TEREL, BEROTF—¥
MO A—FHSE LT T A, WM & SRS
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DOING — Y HPRBITFEH U7z, B 7 VISR
WESLDDTHHI NS, ZOMEIZY, Wi
T & R R DI, 2 LTSRN < BIf%R
LTWb I EDRE SN,

(4) PEBMHEE, BEHBOBLER»>H
BIR O KB ERE T 2w TH 545, HEBE
xS 2 RIS e o T B, HEE)
M ERBEEOBROT— % Zixd L RRB L7
DFH EFViE, ¥ Ial—¥a  ilX 0ok
F, WML SRR SN BREICB VTR
) FHET LI Ebh oz, 2O END,
bbb N H At & S 2 aift e LT
W5 Z DRI ENT.

(5)  IRBMGEEIZ B 2 MEERTNICDO VT, HifE
ARSI IO RS, XWEFNENT, ik
RO ISR Z & X 5 IZHE L T 5 08
T=F b8 TXA=F g LIz 25, IEHBAE
RHOKE X #IFITELV (FfER) LHELTY
RS- (A

(6) FLHESRGEMAA SN L ENHE L VoI,
AR SRS L AR 23 X ) I R
NTVERLTHEI L EIEHML. ST
7oAV POE CERERERE) LREHILER
LT TS, SEERDBIRICIRD &\ ) FEEE
BERBAL, ZOFEIZHE VT D EEREREAK
ELBboTWB I LR L. 518, #Bh
HEIZOWTDH, FHEREAEOBUITL SR Y DR
MWHWATELZ LRI

DEORREZRET L, 200FELEELND
5. 1L, FFROERIZLZIRHEOZLETD
b, INRFLLOFERPET L, SFSELRE
ZIZBWT, bhubhd'y —F v RGOSR
PIET D EVIHIRFUE, 2% 0 BLENEEE
ATEWELYH, —0—2DFFIIIMKED EITHK
SLTWA72®D, HifRE R AIREHE-> Thiud
EANZREROMES TOA TR 25, L
ML, BRBIHEICOWTORE BHHRZHOEF
W, TRCEUFHOMRERLRT T,
PRIAEBIDE 7 IV ORFFHEI N S DR DB - 72
ELTH, WmOBUIIRL E VL DIZ R BT
59, B2 0EEE, RABROIEEICET 2R
BCThHb RibHEOBERIC, L@ORMBEEL
LS LTwaWRELrH 5. 21U, SRR
s, ke otk Ths. T, ik

Sep. 2008

LA, M EOMRE & Wiha ke 2 &
BCHDH, T THBICR 0N, SHEECHL
WRREWEENDEDONEN) T ETHAD.
WAL, RO X WHFR O EEE, S 5612
G A KD B & BRCBIRSBH L EF R BT
I, HERAEIE SN LDV T, BIRFET
Wk 2 RIS IEREECTH 5725, ZOREEYHL ST
21 H 7 T LD L  AITDOWT O % BT
TENEV. BELL, A7T)—ALZD b DS,
it dbDOTLIZOVWTEZZDFHFEICLZY LTw
LR ENDEEZDLONPRYIESLH. 728 213,
BULIRIC Y AZ] LwdhTTY =25 EEoY
IR TIERL, NFFREERRHTRIETRE
BREWETLIEL L) %2, [FHD R 7TV —
Polzb&EI77AH. bLATIT)—=%, TDLH
WML RDOIENY ol Lz s, FEBITIZIZ
EAEBRICN 2R WOIIHATIERWES 9 H
ZOMEIL, Db 2R R#ET S LA
LRRDD L. FFL RN T T L, DT
1) — (Rosch, Mervis, Gray, Johnson, & Boyes-
Braem, 1976) % HARIZEE T2 L HICTETW S
ONUONOBINT AT L EHLPIIFETSH LD
ICAhZB. 2F0, bhvbhoiB4ng, ftodhod
OOKYRART L) BN TIT)—%EET 5 &
IIFTETHRW, ARIZATT) —=BZFZDEH %
BOENNEo7en, BERII2=r— a2
FEEERTES). COZLERIEHISERT A0
12, AMZHHS 25573 — - 34 2ok
ZDOWTOHRPUEE LS, 7T —-H AR
HRETED LHMENRLLSH - BHTE 20
ETNUE, FOZ LD SRAMIE DR #TEAE X
27259, T, HRICIERIEERN 24 5712
LoT, HrREFTHRELZLELNS.
FNTIE, FHREOHIZED 2259 . sk
P IR L RS H 5. H T3 — B ORRE
ET DB, 220087 TY) —OH A XHFMLT
WaiFELY M a =TS E, HLREE
OEATEHTFIT)—a &, R=RELBRDLTED
ATITV—bxEZD FTDLEE, bTHAMLED
PEMDIEIZES>TallHTAZY FEE—D
WADBKELLDDE, bda & DX REFRN
#%2%. 22T, A={a,~a}, B={b,-b} &
$ThE, BEHHIELIZED ADIY ba¥—if
PRIEFKRDOELIIZHOEbENS.
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H(A) - H(A|B) (7)

ZhiE, (1) P(b) = P(a) = P(a,b) DA E, (2)
P(b) = 1 — P(a), P(a,b) = 0 OBAITHRKMEE
£ 5. (1) 13 OSMERMAGBIHL L, (2) 13,
a b b PEHRERICR A EAICHYT S, 22
THAERE 2R L TIUL, (1) OADHRE 7 5.
29 LCHHRE &SRO RIErN 5.

AT & X0, SR EEE R OB
POHMTE L ETHIL, BEOEBIIIEHRED
LS LTWAIEIIRA., ZOZ kL, BEL
TSHIEE, Thbbaaor—varboBEs
BIfRZ R LT\ 5. SR BRBLR 3% v 7z
HROME, [ SNIZBEROHER LR, 2512,
FNOOMME LD AT IT) —L, ZHSICLER
BHEEND, bhibhAiaIa=r—3Y 3 00
AL ST & 7200 & R CBIR L T B T REME DY
HHENIZEIRD, ZDXI)BERNIL bh
O INOIMEDHE AT OB S~ D & LCHEL
L72&9 %< F v XY ARG (e.g., Humphrey,
1976) & HEEWNTH .

PLlX Yy, SRtk & Mtk o s g A R
BEND. bbNOBAMERIIERTH L7720,
RERIY 70 FE AL I & A IRARE S, AL 008
LS. SRR L WA R 2 2R
Wids, ZhERM 2 LR R mE 2 BT 5 2 L
AR ENTZ. ZOWRICE, FEROLL AR T
T -k, SHEENZEIERLTCNEEEZ N
b, L7zhio T, BHEMRFIIBWT, TELE2TH#H
, TEBFFIEMIC, TELZTEL OFHES
5L, Fiz, TELIEZIMENEREEZDZ
&S, RO FEHERICEE Y52 5 v hud, &
{LDOBIEIZB T, Z0 &5 R TEHAI 50534
ENDELIWKEDR P DS EEZDLZELTES.

5. XIFREERMEDESL - B EREKBIE
DHEREEFELT

CZETT, BEOILBIEMEREMEDLD D,
ZNHEHE KD BN Z 5TV BT HENEC
DVWCa U TC&E L L, SERMEICE, mEE
EOBIHICL B EOL DD S X5 I8 D
na. 2ihug, FBRLAIENEE WS ARoMtko4R
PR E R LTS, ZOBRICOVWTER D
BRI 2 D5, AMUS OB o &, Ha

e L H W O SRR AR S o

FIEBEORETRTH S, LT TIE, SrEMtiE
LAEMER SR L OBRICOVWTORKIEIRET S
B, EmEEOTHHEIMI T AT TR AW E R
HoLOWboTEL., LAL, FITHEANME
Hiidp b EBbN DL DT, SHOMGRERO T
BREDLIDOFEME L TRAR LW

T, SMEEREAGE IR 2EE R 51
MICEZOENTVEOPEELZLLTH, ZhTT
NCHFRT BDIFTII RV, HOWILEYIZE 5
THRDPSEREHRDZEREETH L0, b
YA OBIWIZ B TR EDH L L v 2 & 255k
LLTHA. VY VRIOMBMET A b (e.g., Sid-
man, 1994, 2008) Ti&, RAGHLEHELH VT,
RERREWO) TR (p) ZRTIHAZ] v
ITNN (q) RS E (p— q) BFHE LRI,
TN (q) # RTEY D) T (p) 2EIIR (¢ — p)
TELNEI DT A END, R e
DA 0BTl D THREE S VD DAY, 1980 4EAR
VR HGR AR 2 DORFZERCRIZIED C R TH %
(e.g., Kk, 2008). & MZHA O SiEREII AR
EHEO TR ONZ b D o72As, LA,
SRR S B AER O 72D DU BESIZ L v
ARTTH BB (- NI ATK, 2008). &5\,
M IBONNOERAFIET B L EZ LI L BT
BECThHb. ZOBEMELTUIMBEZZONLTHA
R

ZORIZOWTERET LI, WML
B TH 2 DFAEFED D> T b 2 & %R
LTBERW, ez TOERIFHEEzRI L
HZT725=YThHholz] LI HEINH-72E L
b, 7FE 75— ERNTBEEIREYE
T 5DI13MKTHA . oMz, mHENICIX
[BA(p) = 77—V ()] &£ 7299 (¢)]
o A (p)) 2EL L) BAFTEORETD
505, BAZERERT S 2D KR 4 ZBA T
BcThHsr ZofEmICIE, WENZLEE VR
SRR b o TV A, TS, BHEEMHER
Nz Il R T, C. S. Peirce D\W9H 775
27 ¥ a v (abduction) ® 1 fiTH 2 (P - EK,
2008; Oaksford, 2008).

— i, W R PLR ORI TR L 3Rt 2 W 18),

13) B AW 2 O BB EIMER D B Z EH D,
HREDTE L L B MRE IS 2 WS, Z0IPICIE
G LAENLEKFED [HIE] PEEREHZRILT
WL ZEIIHRTHA.
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72 2 RANEBE»rZTHS] v FSHILGmA
MICETH B, HHRED 2 CRANEED 2w,
77 =) oA RHERET B &) LIAMHERIC
&, NIRRT HHESARTH S L9
Bbhn. S5ICE21E IHMUHERIZAIEME A
e LMBRD D L) ICBbNS. MR AEIC
FEW Db TR, T, BRLAEEOMICY
DSUERD L. LaL, flEEEE, Hoo&icl
WHEEE I FIMUDIT LI L THL EEZNIE
(FHH - MRER - RBH, 2005), AlEME, WL
LHBOMEEF Y (§3.1) 12, [HER] L7owfx
MHEREATH 2 & L MBIRTIZ R\,

BIEE & PR O BIRIZ OV T, AR
FEDHEFRIC OV TR ENT VS IEMAIVRIBHTH
5. MERIFIERZICIE, 2200 b0 EOME
A TCWE Z E RIS, ZNOHPFE—THS L
fEmd AR ONL DD L. 722X [H
54 VF4T IEETH Y, HEDBETH 2 2
B, TOA VT4 T VIIHEEZZ] (R RR T
S FFMY OFEKR) EHERT % (Von Domarus,
1944). BT O FEM 2 [ WO 2 FEAEYE
DFIEEHE LD DD, Arieti (1974) OEICE A
g I, 20 X)) BiERIRERRED H
LWREMTEL, ZORBEIIHEME TR/, BN
BClek (72720, BRI TL I RTOEENZO
BXEWZ DI TEARV) 3R, ZORMRUHERE
MZRIERD 1 D Th L EMOIEBE R > TV D

LaL, 0¥ A 7 OHmdma ki a0
LOTIRAEV. 2L, —BONILEEERS
N5 T k§hik (Van Gogh fallacy) & X2
21 8% (Warburton, 2000) (& Z DX T, KD
)RR THB. [Ty v - Ty RTIEL»o2L
AERE U TEB SN TV, A4Sk s
EMRZEBEDOLNT VWS, EZATRIIELWL
MEINTWD, LA T, RORBICIIERE
EMRELTROLNEES .

F7o, oy 4 TORBE, ZEWmEREICBY
TIEEZZMEICD L (B%E S5 (Chapman &
Chapman, 1959; H¥f - f&)5, 2008). §3.1 DA
Tk LcomsfosmtrsHsnizv, E1E
U AA2 &) TEROZBGRIEZEH, £ 2 IR
L72EBROTT — 5 12 XL, T 58% OB
RO LT UIRE (A) 2 L7 72720, 2o

o TERIE, BE S RN IRHE R
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DT LB 720, VbW BIEHEZAOHTI O
FEIELWEEI N6 H LD Fo LflnE PR
NG, L7hoT, TOL) mERELAL (B
D %23%) N2 Thw Ao FHHT 5
D LEETH B DIEHENZ W, LarLl, 22T
WU LRI, WA IGREOHER & 2 A D
i DIEHEET B 5.

R b osdie ki, BIRRYERE DML 72
BT VAS, HAKRTE & Bl o BRI B
L&, R 2 LB AR R 5. —
FRPERUE IR & Rl 7F5e et % < fiEkA 6, #t
A IR T R R R RY IR S B T & 3l
HNTW5b (e.g., Kendler & Diehl, 1993). Z®
ZLid, FodkitkE FET HDITTIE R\, FEiE
WG 2 BETIIHEAEL, Lad, BEER
SHHAEAT > TV A D, TDOA A=A LITH
MTIERWRLTH L. —T, MAERMEICHIZN
BN H B Z L1L, BRI D KT ORI
LWOFENH B EERET S £ T, %ﬂ?ﬁ‘
Ay 2 &5, HEALGRIBIN 5K E 2 d
%5 T &7z (e.g., Huxley, Mayr, Osmond, & Hof-
fer, 1964). FlmofEwiE LTix, il (e.g., Crow,
1997), A & KL EASMAME (Burns, 2004) 7% &,
A R REMEDE 2 LTV, BLEED A%
RO 1 2 THh D, WO THIN LR EKR LA
WOBRICEZPCLIEENRLIELIEH S Z LI
RIS SN TE2S, BEOBRICIIAIENZ
NIDBBEND F—5 b0, s kil
b2 EREET (EZEEET) O—fzioT
Wb AL, L LARIENRISEVWE WS #HbH 5
(e.g., Pearlson & Folley, 2007).

CDE) EBRUAIEMNEE, BT Caxfk
Herm D56 RNHREE & o B OFRBLN 72 A0 E BRI &
NTE R LaL, SR FEHERAS, (H
) BlER R MZLPRONEWZ LR EH
L, INSIRERBTIREVWE S ICEDNS. oF
D, BEe MWL BTS00l ETH o R
R, w728 R T A ER LR L Th 5

14) MATIIE FHEKMB =Y F Y 7 1) LRGN
ORRICET 2RET— 5 BT 5. 728 21,
Karlsson (1984) ¥, 74 25 ¥ FIZBIF 2 1377 4O
EIHRE CREMRE) O 1 EBKICOWTL PR AR
774 THMERIT, AR 72 AOE A D30 ]
HL0Sw (KoFH 2.5, BHEFELE 228/, 1
LR 166 B 1M BBFE 1565 2
LEIRLT
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EIRETHIEDTMHETH 5.

COZLLBELTS ) 1 DEELRMAZ,
HHRMEDETEARRI, ANES Lo % [
HDFHRAHTIRIZFAE B 1%) ZenwH)Z e Th
% (e.g., McGrath, Saha, Welham, Saadi, Mac-
Cauley, & Chant, 2004). O Z &iE, Z DL
A, NEDST 7)) H KBS S MR HILA B, D
T, NEMEomO TR RATH S 2
EERIBLTWS, DI L2E218bEDE,
t MMEOREF D S50 B BRI, AR
SZHBIETVREGRFERI L ExDHT L
&, ¥R S ChRvb oo, kL
WA B ZHEOBIIR LTV 5.

T IRE D HEAL I IE DR & 72 o T B A
P, a3 wIThy NEML O E R
EHARTENLTWEENTH D, FAFERI, W
FTHRO B L BRI D 2 &) HARIBNTH
5. 2k ZiE, SEEICHELTIE, AN R REEES
DIz K TH B 2 EATRES
TW5 (53 - $14E, 2003; 4% - FH, 2008; 5 -
HI - 14 - H:H - #H, 2007). 2O XHITEZ
5E, MABEDLI D LMARIEL HETHRIET 5
IESVERE T & o RIS MR S N
PERRIEE DAY, bhvbh NEICHBORE, Sik
T2 —2arvyORRNOERLEZ>TVWLEN
I IGHIE, FEREMITIGTR LT AEA 5302 B
XIICEbNRE. A% ZOXIRBEILEEE
T REEAED S, R, AlEt S s
Mtk EOMEBRPH O MR B 2 E DB E T
ns.

E i

AWFFE D —EBIXILFEWTE DRI HED <. Ziahl
A, WINIEE, PWHHE, Mike Oaksford, HFTEE
DFKOIGE - B I DS \F AUEARNIFE I L 7
Moz, REFFEIE, 2007 SEICERB K E EH)
e L7z HARBIB R 24 MKET -2 Y ay
7 [R#Z L STEBICB T 5] OB 5
BhEhoTwa, 43toAh, EEEAN, TIFE
%, Wz, WEHETO#ERE2ECRRE -5
B DT % & ORI REMBI T, AREoHRIC
AN B2 TN £72, 24 0BHOER

EIEZREOINERE TR S THC AT A~
M, AR LOUREDTDIZIEFITRIT 572, B

b, SZICELTHEERZEL V.
B, ARFZEIE, HARSFMIRESREAF I E R
% GREZS 19500229) OB E&E % %) 7-.
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WEE W BE-SHF- 2322723 OEBERDT

XFPRtE & WG EEOIHFZE
HE [XIFE] OREICHL-T

1. XIFEE

bL. Ipabidql & TqZbid pl OWMITAILL
LTI, MHERZLTwdEn). 55
A, O[553 ] IEEEFOFEEEE (material
implication) Tld7v., ZOMBRYH TIEFE 201,
2L, YOLAHDYETHL. ) T (FE)
I AZ] (FED LI, [ AZ] SR
2b00) Y ITHL%EE, NHEPEILLTWD
L% bOLAHOMO IO XD R
i, bbbl > TEEMH/-D F2%OT, H
HIZIZEAEER IR V.

AFPEER, b EHEFEIIBIT L HROME
T, [MERIER (equivalence relation) DFESM O
120Thb. HIES X DEED2ODI o, y
DRITED BNBHR R IZOWT, xRy DALY
yRr DRV ZEGET 5 2 & 2 (symmetric
law) &\ 9. WAL A TR (zRe) LHER
# (xRy, yRz = xR2) BT 5 & &, RILFEMH
BItR & IS

o OMEZ LB EOPIRRIITEA L7220
WYY Thd RFEDOY P Vb S .
Wi, MBS OWT, EEROMEEEN L
T, 1970 FROMWDIZZ DT A bz gL L 72
(Sidman, 1971). %O J5 IR A ORI S 13,
SR BREBE, S, BRIZBWT, BA e
BBARZHRITHERTWDS L ZAIZERTY
B, PREFL DS, WD, TR ATEIY
LWETH Y, Y RNVORY, SHEOMELR LD
AHOHZIZH TR AONLBROERIIDH 58
Symmetry and Bidirectionality in Cognitive Science:
Introduction to the Feature “Symmetry: The Search
for the Foundation of Thinking, Language, and Com-

munication,” by Masasi Hattori (Ritsumeikan Uni-
versity) and Yumiko Yamazaki (Keio University).

AR HESE - Il fH3E-

BTha I LrilkvTwnrz,

YRR U B, 2 o0 FNL L ORIEAYEM & A
HENESRADH72012F, D XD 5hviz
ENEZRETH LD EED, FHEMME (stimulus
equivalence) &\ ) BE@& & M. L7z, itk & v
BG %, SRR OSOIRIC BT 2 5 O BafR &
LCHEL, Zha BRI SMIT B0 00
FHAEFENE L7z (Sidman & Tailby, 1982). il
MPEDREINEETE T D 2 R BPED AL % F R 5 7280 D
b Bz 7 X M OFHE D 1 ICKALShTn
b, 12EZE 7 =BV, U ra (%
W) v RARIEE LT, [YAZ] (4 &
V) IR RIS B 2 L B H LT, A
&, LY AZ] (4D 2 RANEE LTY vy T (%
W) Z@IRTEDNEIPDT A END, HET
REXZ LI, T2 TTRAMSNLERIE—ED I
ENBVETHL. Thbh, —MI, 7AMFh
ETIE, LX) BEFARMZEIEL T 4=y
I RZFHI LR RVED, ERFRVEVRD.
ZHICHED ST bbbz @iRE 4 5.

BAREZLIZ, ZOF A Mik PUSOEYIZ
FEAENRZ L\ (Rokiw, g - /NI A2
WX ARSI . COREE, 1TEIHTER R
BAO R SNz23 I 227 4 I2BW TN
WICHFZE X N T & 724, LHEOZENRDALO 5
LR EOMEIRIC BT, ZTOREREEED &
X0, ZOHERBRPITIEALHALNLZ LTS
Bhodz. THUEND D, BEFHIIBWTDH, b
MU CORBLAVE AR E 2 51200, HE
I ORIl - I - R - SRR - RS0 A
LERLEPESNDLZLIEDH-TY, &tk LTI
L LAWZEIX FRIZE>TwoZz, LnL, ¥
NSO BT, FAHER RIS S
DIZRFEZ TN L 2 O NT, iS4
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B. 7Rk
= 9 @
| 1 N
I I ¢
RARI# 24 3 p -4 . B
iR 1R BER

1 RAGDEEIC X BN (A) £ 7 2 b (B).

B2 LSRN holobl Tid L ho7z B
TTHlRS L9, WO TEELRT—<T
HY, TERLEREZEPFINDLHITTRENTVS
&, bhbhidELTw5.

2. X ERNFEEORHFEIFEO XD —T

SRR B E R 5 8, ZOREd bbb
NOKA RBANGEIER Do TnD 2 EIZAD
. BHCERBIAH I & BRSTR. BHEHO A —
IVTOBNE, 4E GiE) oRREER (FEHo
£2) OMOB MR TH 5. RIS L
F—3I V7 OBRICOWTIZERD D HA (R
YEBHR), MENERICERL WS Z L3N
B, 7, RO L AL DRCERED L.
EEREE, HINOFERERL, oM EGRE
RIFEE LRI E AERTRO L H IZEBbNS
(5H - MHGwLESR) .

SEEENC BT AR E VL R IR L7
DX, BREFFOMEENLY V2=V TH5D.
M 21, SEISEREEETLEALE LTHVT
5720121, HLFLHEFILETHY, BEW
OEBEAPRBIRE TR T NI RS 2w E2RL
Twa, $Thbb, HELENE VYR 2

2 BEEEII BT BB (de Saussure,
1916/1972, p. 27 % b 31H).

2= —va vORERFETH L. FEiL, HHEY
12iE, MR L AR 2255y FEHWT
T332 =352 LLURET, RS
DIHE V) DI Tl v, LAL, FESHEEN
T7u—FI2k Y, BGANR s e T Y= v

MIaIamhr—3a v OESERNEL, FoZk
AL 2T 2 FF0 & UL, BUFINHEDS
FEEEE (LAD) ICBEMICHAR TR TV ST
REVED B 5 LR SN TV % (Hurford, 1989).

B EOEE ZHFELNVIZE & 550w, 1
SUERHIC BT, BRSO TEE 2K
HERLLTwDLEEZLND (0 - A - T
WXEZBR) . bRbNOZEZHEOL VD 5K
B, ZoHCIMELR-TBY, HREEokE
D, W HETAHADL, WRINCHZ SIS
DIFTlE RV, ZRHED LT, bhvbhhsh
HUNZB/ETEXLEDIE, FarZXAF—Dn)EEL
FOFERIIAE LTD, £ LbEEss, Bl
Peo THEB I NIHFESN S, ZOIEilh L HHI %
T B &) FIEEZ S 2D THIL T
AHNPBELIEZLNR. T, HEE WS
BT, SHEEM - EEOLY T 354 7 Mk
THMH DG L TW5E. bhubhpiA¥—F
RS 57200 E LT, #EN2TEORN
P OHEEZY) ) T LENRDH LA, ZODICHE
X, EHOMOBRMEELMHL TV EEhbIT
W5 (Saffran, Aslin, & Newport, 1996). &7 O
WM&V A S ITOREF 2 BILT L E V) &
KT, Z OB HRIERHERSBERL TS &R
5ZLbTEDL (5 - FHGR) .

SRR GO S IE LT HERDSBIR L Tw
VS THMRETIERV. SHERE— I VA%
MR A e T 200 (F—2 A 74— Fin0) ,
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RN S SRR WEICT 20 (5
- RIS, L - NI AKGRSD , H5 Vit
853 OBERPHFAET 205 (REFHL) , Bl
TS TE ARV, figm (B%), i Ik
o 3 HEPEZRICEBRLTWSLZ L5V
v, HEROPCTRIERTREBEE, 775
7y avERENsb0THSL (P - HEEH
F =7 A7+ —FNmX&8H). 7757 avig,
WRPOERE (F7:034K30) e 2HEwT, K
K S#ER%E PR 2L ROHERR L MET S &
T, TOMGIEAAREIC 2 5. AHOR R
1, AT RHEAL S Bd S s, B E R0 ER
POREEBREROT L E XL (IR, 8%k
DFERBEREO A & BIH - BBIEER A HEET S &
& (OIE - AR ONE) @30, SRR
BICHboTwDEEZEZLNS., BT, 20k
A MR ASA AT T 4 TR BERITTI LD
HDH, ZFOIEMFILER LG EITT 2 6% 7%
RIS DO %h D (B -~ L3O .

HENC BT B0 FR: & TR D725 9 9, bhvb
MDA, FHR & RERATIRClE w2 & R
M) 2 THMLTw2I3TThs. WEEREKOIE
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In this commentary paper, we discuss what symmetrical and bidirectional reasoning
might have brought to humans by overviewing a collection of papers contributed to
the special feature “Symmetry” in this volume. Several authors noted that bidirec-
tional reasoning is deeply related to the ability to make abductive inference, which in
turn allows quick and efficient reasoning and decision making based on heuristics. We
point out that quick and efficient inference using heuristics is the very characteristics
of young children’s early word and concept learning as well, and speculate that well
known biases children show in early word and concept learning could be explained as a
consequence of abductions children have quickly formed through short exposure to lan-
guage. Thinking this way, disposition to make bidirectional inference could potentially
serve as a crucial building block (i.e., the prerequisite) for the competence of language
in humans rather than the other way around. All in all, the papers contributed to the
special feature forcefully suggest that thinking based on heuristics rather than logic
is hallmark of human intelligence rather than limitation, and the disposition to draw
bidirectional inference plays a key role there.

Keywords: symmetry inference (#RIEHERR) , word learning (FEE4) | heuristic
(e 22—V X7 4 27 A) , property inference UBM:HERR) , abduction (77527 3 v) |

induction (JFHHHER)
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EBIIF L VAENIZT TICAR 2 Al TW A 3T
7L, FREEENL Y, 2F D EARIATOWT
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B WIAHE PN 4 7 A (Haryu & Imai, 1999;
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D, YOI LIXAEEA T EA L E, Wi
BOXORENEE Ty S, HEAFHIE @’ %
“the” O & 9 REFAILT B Z M A5, EAHHF
X “Fido” @ & H IZEi kb wllofim e L
THWE25THSH. LaL, ARETIIEAST
&AL 7 XBI Y BRI 2RISR We, ZE
BT HERENE) D% TFHRL AT
B, ZIUSK L CTHAGERIE, #HEedimick
HMOZ LIEINEENLDEHLE, LVH2ATF
DZERIZOEYVIRT B AT T —DAHIEE
2 5. A3 - $H4 (2003, 2007) 2 X AUE, R
OERL AT TThERr L] v X9k
MOZ LXPEAINLE, 2EL 4B, R
MOZ L[5 ] 2 ERE»EHENH LIS
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X EBFOD XD %% HEWES - BRI W
W, MR RREEOFPE R &S F &% Ak
TOFPEMNRIEL TBY, KAZENRZNOHEM
P % SR PRI & o TRV TV 2 (Imai &
Haryu, 2001; Saalbach & Imai, 2007). &b b
BT —EICB W TEEOEE OB H
WBHA, HTHEEBRIC L 2P E D Wz
73— %55 Z & &R (Imai, Gentner,
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LHL%ds, FEFWoAHE (h7T) —
%) RAMOHEYIH T BEIE, [ &N
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CLIRXERBEAL, FELBENE ED LD BRI
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MOz HwmI 508, BUMEIRE R E, £
LT F & F RN o CTRIRIITTZIR O F R
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FELRIHFOBREFETL L L b ITMETHE
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BEDH L. [HAE] 2E0h% ) FiiolL X,
(8] &Y & 512 B0 L~V T—fit
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2, TR &R 2 8o 3E UMHYE, BEz2ItE
FT5] LWINL TR E BB LA, Mk
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RAMSEBEL TN EDITH B, 1ZH0I04E
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FEBEL XV, HEVIFENRED B L XV T—
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A5 HIRAEES, BRI, Mo TR
HRodEmd Lyl s hi, E%&%@L&é.ﬂ
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AT 4 7 A, BEEE AR TR TIER CF
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T, B DFEFT XTI ZRICH 25655
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ZIEICHAATo T WA, S et43, 28
IZE o TR UADD WD 5\ IZATYITKAD
TLIEREAL, TFLELDBIDOZLIEELEDL I
W9 % 2% 85 L7z (Imai & Haryu, 2001). &
DFEET, FrLWAROEA S NI~ F
RIIBEDHYTH o7z EITIE, TEBEIHL
WHHTE ZORFRUAMNIET TEB S LiE Lo
7o, DE ) ZOREREA LT E LTHRL7zOTH
5. LaL, HLVARZEASNIWRPEA T —
VRAVTHREDNTYTHo72L &, T LE
FEAHF L IARRE RPN RO NTHIH
LWz i A s, FEbig, L~
DOHTIT) =% LTERT 5. Ly LN, BRI
DOANTENZHT LW EIEHEA I NHAITE, B
DAHOEPED BFYICoOAZ LIFE/A L.
2F ) ZOgE, TEDRFLWI LIEEZTMAT
T)V—He AL L=DOTHA.

COXIHZ, FLHFGEATHEEAELFAOX
MESCETHRMCFR IR T, 22iE (&
) AT RTHANRTE b TIERL, Heof
WCBRESNB 40, 2EVEAEH/REV)I bOVDH S
Z&, F, BAEBEIARHWIIEOTSNLD,
AT (Bizay 7R — Vi EHFIHV LS
HBATH) [Eonhnwl E2H-THBY, 20
WAERCTITIC GEELNLVD) Aliie o Tw»
HEWICOF SN2 L IZOFERIIETRE 1T
TWa, 72, BIREUANA 722 EHLTIVWo
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DRZZ-THEY, [FL TNV TN S W RITTEA
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& - AR OIE), 2008; #1111 - BEH: - B - 52
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AREOBE L LTHHRES WS TERL, 7
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THLHERRDTML T, iz L
DITFESHRZHO BHIATo TV S, HEH 2 X





476 Cognitive Studies

Y—F»oHEE O IMT IR D345 7
HLBuRH Wb TWaA, 1k b A
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FITEHICHE S (Jusczyk, 1999). B 2 \XWEFEREIR
BFEDPY & T 26—, BEECEEOR T
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NEboL e TLEMERNEESRTLEIAI,
v bhebe NUAOBYOBICKE RREY 25D S,
ELTwa. JIIE - AR JIE) (2008) DEZ D
COET—HLTEY, ZORMOEHORME,
TITY I a v, OwTldka—YRAF4HN
LHERTE N RS 72012, EFIROZETH
LXHICBbNRL. ZOECEDLZSTRHORA N =

BIEOWAIZE 5T, WA F ITHhITbE D Hh 477

A AHIFRIITH LM ENS Z L2 HFT 5.

4. FFEDBRLSEOFE

A Ui F CLasa BRI RR 24T B 54T O B AL
ATHEm SN, BARFOFEE LTIILALE
AOEND T Edhhotz. FEB, SHEHESGEEV),
RIS - & D BIRD 2 5 ICREED > TV
HHELHLTEZ, WEE T NSOBWIZE 5T
RS EE Tl E LCOAEBICER LW
ZEERAS ot FHEDLL FOANROSEE
EBROEBT 54 JdxtiEdEERE 2UR T H N
ICLTWABZEZAHiRE LTHRYTHH0T, 4
HHFEETYH, ZOMBEIZOVWTHNS ZWADITE
AETHLERS. FHH L, BRI
EARKRZIZ LD E L2 EBGRAMIZEE 72 512 & D xf
e POEIEEEHORRTH LI L, ThAdL
Mev PN OEHOREEZRTHLRER (L L
L72bmAD?) EETHAHILEZMY, L DR
A, SIEFBORAN, EWFRFEIIOVTED
TEZBI L Lol & HITVHEMRER, BEK
RRHREETT =2 Y ay TR AWML TL 2%,
SRR O REDITEI AT OB A 2 B 2, Sl
BHOMBELBZ T, K< tOa—)AT4 77
AN E M BBITECBEET Z2—B LA~ L
HZOREENID LN VW—TETHH I LI
KO, ThE&oMTIC, dEEERCBLTILY
WAV TANT 757 v a k- T
AN 2= AF 4 7 ABDTR R WD, L)
WHEMIZ OV THRWES 2201 e P OFFEOHRIE,
AEORFIZOVWTEZ L LT, RERIETH -
7o Wi X 91T, —HRICEREIER R o [
(“problem of induction”) Th b & I TWV5. —
HEIORRN L HFEORE (W) &R
WL, MHTAILEIARTMETHL LI DDED
ZHOMEOMF I TH - 72 (Quine, 1960). =D
ML L COS R E S Mz fosfiy, &bk
BRERE LT, 2F DAERNRARE LT, F
W7 T =g T ZARLMEYHUNE NS 7 2 2 FpO
V9 D THo7 (Markman & Wachtel, 1988).
LAaL, 228, 238 THBILZLS 1Y, 2h
SDNA 7 ARFIZIELWHERICF & 2B B0
TlE%L, ZoBHAEHIES NG 2 &4 gz
BHEINLELLABEYBICL > THRL D IED

1) L DFEELCEEH (1997), 49 - 814 (2007) 22
LTiFLw.
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FEI)REVAL L., L2ALFERICIZITED
BANA T RAEERWICVWO LWL DTIERL, FE
FICROWEREP ORI DN, T AD#EH %
HEL TS, IhhrbEzxsE, EEAERICBT
BLRfA TooNA T ANFF o THEENZAFRTIE R L,
SHEE OB 5 LarL, BV ORRER%f
T, BEOR, AAB L0 TIEARL, HoWH
OB BIEFICTIER—Alh s hizb D TH
%, LWIHEFRLLOEZ (59, 1997; 5H: - &
A, 2003) 1F, AREFEOS O L EAITRIFTT
5. FEEEE\IB B ARA HE 2 S R A T EE
T A0 MO T TSIV a v ORENITH S
o ThIwhrd Lien

PR EAIE O E T, e (RATD)
A, iR T YA AR L L, SRR
MY TR LEENTERVAEDICL2—Y A
TA 7 A 12 HEmEAT) EER LN ETHo
72 (Johnson-Laird & Bara, 1984; Simon, 1995).
L L, REEOHEMmLERAZHE, ZOLa—
VAT A7 R 7 BE 1T e b ORI DRRA
WCEBIDTIEIRL, ThIZEHe F2EL, #Es
BICLTWROEE V) BnE S 512 L2,
REFEEE, SFRMHERR O RIEDS, FTEISHT R Hel L
DG 2T CHEONAMETIIZRL, Lol
%, MEORHRRBIC»PDLILLDTH D E )
A=Y e BB EIE A 72 L v ) BTIERIC
R,

IHH S MEREMEIINEIED 5205, FH
bR LELEDL DD 2= AT 1 7 ZADH
HWOMETHS. INEFTHRTEZLHIE, IS
WX HEEOE) ) LR iR ol 217 ) BN A
T A% RIS U CHRYNCHIBT 2 2 L8 T& 5 2
L, NATADOHIHSTELDL T EFHED L,
WAL EEERDPRLZDOTHD E V) 2L ik
NT & WIS, NG AR e 21— A
FA 7 AL LTI 7201203, SRR 2 @M L
TV WIRE—A 7% < L b ENDFERICER
T 2 LT L EELRR R B TRIT—T
X N 7 A S B 2 L SEET
Hb. ZOEKRT, W - HEE (2008) A5HEA KN
FEDBHFITL < S NIRRT BRI % BB
LTWAEIZENLIERBILIOTERZVWAELTVWDLD
FRICHEEZE V. B M2 —Y X F 4 7 AWM

2) TP EIRIZDOWT (Gigerenzer et al., 1999) b 2
Nk
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7oA LG, RRICERD 240971 LT DR AmICiX

FIERL LD ZGHOB R EAB LTS

(Gigerenzer et al., 1999) D%, 7 ) 74 H V7Y

WClda—) AT 4 7 A% WS 58055 %7

DEDTIEHWES ) . Hlw) e FPso

T ASRFREHRERR % FFSCAT D 2 v ol Bt

FEVOBA L, WOBHA Lawe L v ) flffsc

ERVLTIE WD) LA L by i@

PR BIE OB T, EBRICED L) ITHED

La—YRAT4 7 AZEADTTCRINT 200, H

LVIEHAGDLEDLDONIL R EBFHEHLARLT

FHNZIZI ST E R TR, 23 I THRA L

INA T ADHIEDO Lh7ziE, —H, #lziE, To

9% IEThen DY A M THRITEZITH 5.

(1) b LRHEDOHGUIRAMD T NNH0F Sz
5, TNEATITY DXL L.

(2) HOHICARIZH->TWEE/ LHLRVE
I BH-T, BV LRI VAR
ENS, GHIZHLHWVE ) DIFHIANEFD
IRV ERAHGAE K.

(3) &HiZH->TVBECHEEIIELELT
HOEPICENDTERMRIZE W) T L &R
LTH LA 256655 L7z S, M HbE N
A7 RA%F[5RDT, LA EZZIT AN
L. 2O, GaRErEMLoEEREE
A& 2L, maAHsANIwReh 7T
) —DXHIT, MoTWAHTF I —IUE
ENb, TATIT)—LEZ L.

(UL HE<)

LAL, S0 &) 8T, 1A% a2
L, COVAMIEALEARL LA I THS.
Fod ERLBEHTETERM OB VRLEZ L2
575, RO IWHERETFITNA T ADBDH-ThH,
ZOBPICELTIOEI HREVWY XA MERERL
ZUNERLEVORL, HFHERIIEVEIIC
Bbhs, LLa, Hfiova—" A7 4 27 2%l
HTLrOba—) A7 4 7 AHEDTnB LE
ZAHEREBOTREBRNES) D wIFIIE L, #
HEZ MES T CHEBONA T A (L2a—=Y AT 147
) A GOE CRMEFL G T LA N = A L%
PRGOS A 8, R, 7752
vav, La—YRATAANEBEZLNI L FOA
BT B0 ELZE 25 1T, FRFICEZ S
NEHEEZMETHA .
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ek, SHERMWERLZED VDY S b OE KRR
A 91 = A B ORI OHEE R R O TSR
Tholz. bBEAAZTNIIESTHED )RRV,
W% C, FHERTHE SN~ 7 amide
WREEOI 7 ah LRVOHIRERET 2 FB L
LCRHEET VIS L 2 FIANER 2T 5. fl
23, AR OB A1 & B oh5 L
OFEIL, R EB R BT /MK O BB H
LRV TN O ARRBEEZ BB 215 H 2 WL
WWEDARLTWEZEBMBENTEY, wIihd
B OBEREZ 1507 LV THRIAT 5 51 5E 7 VAR
FEINTWE, INLOHLEBITBIT 2B
HMOMMDPSIA B L, ZOMEFIVIE 1 HEOBGR
2D VAR —BICHE SR WARBREMETH Y
T XTAREE TR LTV B0 Btk & Rk %
ForExobhb., 22T, Okada, Sakagami, &
Yamakawa (2005) (&A4S R € D [ T H % x5
WELEI A7 a2 METFIVSRERE T
DL FIET VT XL TdH 5 Tterative Inversion
WA LI2E T VEREL, MBS OMTER
ETFTNVALT S Z L ik MA7z. Iterative Inversion
FIHAEEETNVCE BT 75 7 v a VIFEDOK
Rt o7 a—Ta JRICEBIT AR EEfE
SOEB R EOHRED LI, BOIEIEEEREN
ZEBTELEHLETHY, ZOEFETFVIAR
REDOWREL RS 28R BIST L2 LT, B
B 2R (HEFVOFE) ERIL GEEF )V
WX BAE) &) B MORILEFED X 7 = X 4
ELTHBMZIRA AR R L. 72720,
FHREETVIEH ETHHLOUPD /2D DOFE
ThY, ZORLMELZRTITIIARE 2534 %2
IR A A = X8 & DAL S PITT B LB
H5.

B9 - A - B (2008) 1XFESES D S — itk
0, BT 2K TH % LRI BV
TN A 7 A0 LRI L TB Y KE
BERIR . B 513 Kirby (2002) O TV % JEICH
— SRR ETMEEIT o7z, Kirby ICX B#:D
B LB OE 7V TIRIRIUIIS U7 R R & 565
XOMIEEHED BT Z & TSEMRHRIA 2 RTE
L35 2 LERLZAD, BGIRBERIDYS %
WEE A E L, FEREER &I E OB
PNA T RAEBIRES 52 & TXEIHEHENDL L
Rz WYL MmChCRBTA L)1, hE

TIRFEREBA OGN BT AL 7 AOHRE
RTINS Do 7208, STRIIMSCERR S 512
Fe bt boaIa=r—va VHHIIIBIT 5
HEYNA 7 2B L TR A T ARED L 91
BboTHDLDNPIZOVTHEHSNIIL TV Z E
HEETHS ).
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It has been demonstrated that there are many similarities between Pavlovian con-
ditioning in nonhuman animals and causal judgment by humans, such as conditioned
inhibition, overshadowing, and blocking. However, there was a notable difference in
empirical studies between animal Pavlovian conditioning and human causal judgment:
lack of retrospective inference (i.e., backward blocking) in animals. Although human
participants showed symmetrical results for forward and backward blocking procedure
in causal judgment, researchers failed to obtain backward blocking in animal condition-
ing. In the case of forward blocking, a cue is first paired with an unconditioned stimulus
(US) (e.g., A+), and the first cue is then presented together with a target cue and the
US (e.g., AX+). In the case of backward blocking, the compound cue is learned first
(AX+), and then the competing cue alone is paired with the US (A+). In subsequent
tests, human participants inferred in both cases that X is not a cause of the outcome,
whereas the response of animals to X alone was “blocked” only in the forward blocking
procedure but not in the backward one. In this article, we review the existence studies
on retrospective inference in humans and animals including our ongoing primate study
and explore a possible role of retrieval deficits in memory for retrospective inference in
animals.

Keywords: retrospective inference ([I#IERH) , backward blocking Gfifr 71 v ¥
v 7)) , primates (EEH) , cue competition (HIFEHEE) , Pavlovian conditioning (i

B ZED1T)

1. (FU®IC

v B, B RRBMRE kK. 2k
X, TERARTHZ T LA EXHE, 20k
ICTZE LR AXCHEEZ T LA LTH, TN
BROEHRTH LI L #HHETH. ZOBE M,
IUEHWEROKNTH 5 LT 2725 Thl, 4
B RETHD LTS, BRSIE, WL T
Mz A5, CHEEBROEYTTay R v 7L
IR ABBIHHELTHBY, & MBI CIL
BEINTE.

Retrospective Inference in Humans and Nonhuman
Animals, by Nobuyuki Kawai (Graduate School
of Information Science, Nagoya University) and
Namiko Kubo-Kawai (Kokoro Research Center,
Kyoto University).

TlE, BOICTELHEL AXCTEETEIEE D
BB BREHS, b PEBTIVTRY, &
LLOEMBERTHL L HWIT L. LrL, 20
BTIEEANTEZ TR, v MIZEXGEH
T, HUBIRAZEHWNT 5. I EEHMb
BTz (% p, §LUEE r, fEfi% q FEKE
WROMBRE - TRTE, [TEE2ARD LEMIC
%5 BEMEP—q) ICHEL, [ZETEVH O
("p) & BTV (Tq)) PHEHEE: (p (=1)
- Q) IHIETB) . LA L, TERGERE,NS L
Vo T, HEENIEZEL IZES 2. FRIC b
59, b b ZoFEmAYeHEERE LT LIFITH. &
AN, BT —WBR IR,

ARTIE, ZORBEMHER & I 5 FmEFRRIC
B35 INETONMELMBIL, ¥t FTEES
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RSN LHG)S, B ciBlEshzworzs®
229 %, HEEAHE M EHHEYE (Tp (=) = 7q)
WIE T 5 EEZ N, FHE (P ildEon
7R & ) BRTHEME (g — p) EEBMLTW
5. b M, BEOFI,Y (T L) 2548
HEORZORINZHEET DB, FOEKICHT S
B (L) %, JBICRBRLCY, B
LTHRUHEEZRT. Lr LB, KicEED
B - HEIEASTS 0 o 2R L
Wid 275, JGICHATID0 ZREELTH D, IS
BEEOHMEBBEIIIL LA TS 5 & HIWT
T5. $hbb, b TRFEETLIEFIESNT
F CHERR 2479 A%, B ClIEE 2 S 20T - 724
mE LR, BFTIETALWIENLS BTH
5, 0L TME (ARBIEB), B%4%k
e L7z & A 2Hmd 5 L0 %, BEOEFE %
ERDIETSFEE, ThbbiHE B R5IEA)
AL S-S (LWL - NI - AZK, 2008) . LaL,
IR A3 R 2 W B PE D AT & W o 7R RIET 2 &S 2
DI o 73w, WINbEYTIREETHS.
DO NEIHEROIEE, VbW B IS E D RFZE
CWERLY, FHRESHMTHL L, BWEIR
E LGRSO E e FEtg e LRk
Wi E A CHA TIfgE C& 5 2 L, £ 0%y
HRORSH LA R EDPD, 5hBLIEID
AR T Tz T — W ERSIho2H 5.
DT, e b eEomkEAZTsb0, &
FTHOTUTEZ LN TE - MENHER ST 2 0F
RDOINT TELSHEDOEICOVWTERT 5.

1.1 HHEREHDOTEE NOMBEENEHE (FW
HEER) Ol

A RN EG 2 DR, DhELTNVEESE
1E, R TA XINIVOF % M\ 72720 THER 2
T L912% % (Pavlov, 1927). 0 [2X70 704
2| ELTHILNAEMADTOBIGRIE, BT
BERLEDDICTERVWEEIONEZ LD B,
UL, ZIUIERBEO 2 0IHAAET 2 EE 4, HRF
&, ENae TS 2 HBOMMGRE JIRE, AiGHE
B OZALITE NI LS B &) TRIRT, JEHIC
ER R RS AR O 1 o TH B (4, 2006) .

COWHMISRMDFIL, EBRFEOMERLHE LN
72BIB, & bAMT ) BRI E B L T A 2
EDTNFE TR S T & 72 (Wasserman, 1990,

B k& B o BRI W T 379

1993). 7o 2 ZHW R R E Lo — iy Zh Hpy
IO TR, EELHGL WORIR) ZEfTLT
HHEL (NVoE) PHBTE ZoLE, AT
L Th 5 5B (conditioned stimulus; CS) A
FORSNIz & FIT, BBEd B MEMHI (uncondi-
tioned stimulus; US) 2SHBL$ 2 fE=ICGHET,
GMRBDORDPEALT 2 2 EDHON TS, 72k
ZIE, PLT2MIC 1 CS OFORIZIC US H3Hh
By a6 (CSUS 2 Flls 2HExRIZ05), £
d CS AR E NS =TT US AR S b 44
(1.0) IZHAT, ZlFBUS ORI 72 < 7
% (Rescorla, 1968). Z OMEER)FIL, CS %%
RENTELD D, CSARRINBWVE ED US
DFLRHERDIE < 78 B FMPERIE £ v ) HBIZB W
THRET, &DTORIGE L b OREMEEH b
DfEE, Wb CS A5 US OFKZ Tl $ R
WZIZITHIE T 5.

0L BBEOBPED/-H7EF TR, B b
DOREFEEHINT & By 2R & L 7ol i &0 o
BR%, WHOEF ML THHLL ) L35
AN ENTE FNE0% S, HBNEFOT
DETI (e.g., Miller & Matzel, 1988; Rescorla &
Wagner, 1972; Van Hamme & Wasserman, 1994)
& oT, b FoREHEHIRNICRE T 2B 2 FIIL
£9&9577u—FTho/z (cf. Allan, 1993;
Shanks, 1993). L2 LiE4ETIE, & b oBEfEH
Wik, JEMIERR (causal induction) ® 1D TH 5 &
DAY TOWFED T THB Y (Cheng & Holyoak,
1995), WSRO OBR ZHERDOEFBIET
3, K DRBMM AR LTHAILED) ET2
A D % SN T 5 (Cheng, 1997; Holyoak, Koh,
& Nisbett, 1989).

MREDH, TROEDEFLVDOITEALE, &b
OREPEPERIT OminiEe) & IiEEo TR
BLPHons 2 e Tille 5. F%EEIC, bt
MEMEDTICHET 2 8% < O84S, ¢ okifk
T B OFHRE T b FERR S LT X 72 (Shanks, 1995).
LaL, AMo7r—<Th o EEWHER (Bf77
Oy ¥ 7)) T, b boOREHIRT & S o
HEMDOUTTRZZMERVPBONTE 2. 2072
O, BHOBMETORRTHY, b+ EBPOLH
HEGTIRT2bDTHD EFRSNIzZLbHo
7z (Kalat & Rozin, 1972). ZDZ Lh b, B D
HMEZ RS BN, S0 G0 E M 2 <
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572012, TRETIHE K OFEBPITONTE
(e.g., Nakajima & Kawai, 1997). AfRTIlE, & b
& B o BN % A7 2 E ToOREIZOw
THERRT 5%, Ik P TR ED X 9 REHRGE
TSN TEZPITDVTIRRS,

1.2 b MOREEMEFIET (BiHEER) (CBET 23R8k

bt b ARG E LMt B 0RO % < Tl
2ODRLLEZNEORE ORI CTHAERT 2
(Lw) 20EHRrS-2ohs. K<HwbNS
DI, BEOBEDIR LIERICE D W THRE
PEWETTEVIDDTHS. 2L 2L, HDHE
HIIE G E HESED D ), N Hh R ) B LV

RBEDH, &5VIE—HI B TDH 202 HET
SEHNAL. ZOL) HRERTIE, BIFEINIER

IGO0 CS & URRE R 72§ L0E
AN, ZRELLZENLORERIE, HEHEICE ST
HERMRFE (OF ) BENESTVIRHR) & T
B0 5THS. Gluck & Bower (1988) i, B
BIEIR (72 & ZIE5IM) 2%, —MWBHREZ LW
WRDOM G ZFE L FET S L9 RIEHRES 27
LAaL, BLWHEAZBoTWAEHFITE - THRIM
FME— DB 5 72k ETH - 720w L, W UHE
THAME I L 72— 2R A0 BH7 L, oKD
S & FAREOHETHES N, 20 L&) #1ER
I2h EDWT, Bl L72REE (oK S
BHEHRDPAHIE) BLUWIRRII P> T &t
Wrahs, EELOIX, BMITERIZIZED S O%
HKORBETH LWL FE LS Ho72ild 2 hb b
T, RILE B L-2BHEEIEZ L VWRRAICP2o TN D
LHINA 2L THS. T, SIS 7%
WROIME (Pi) bbb, MITHELE
KPR OFEL LI ETRIRSNAZEHTS
Nz, 2ok, HREEHESFIZBWT, 5
S (A) & US OBtR2S, Mo BB F W CS (B)
PHAETH I LICL->T, CS (A)-US DHAHK
IBEFEL 2L 22 L OREHELLENLCwD L
S S M7z (Gluck & Bower, 1988). 722 Oiff
RiZ, #EE< v F v 7R WA OE TV
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FHATET, HISEAOT ORI LY
HET IV (Rescorla & Wagner, 1972) Z R L 72
P MT =T BTNV o TEAICHB S,

O &) BRI R, 3 TSR BERE R R
REMERNED A 5T, RIS OIS
ST BBEDS b b2 E LR b
ETHERR SN TV 5 (e.g., Shanks, 1995).

2. JAvFx>Y

HWAEEEHOWRICH B2 WEVHEDHETH 5.
Thbb, 200 E {FIcshsiElE, #
NS RO 2WEDHL 25, LVWIEZTH
5. Zhud, 2 DORMOMNREEAR 2 5128
FERPETT D LI EBRBZRITHIE L TWA T
B, A OEE T A BN ORI R T
W7z (Hull, 1943) . 20729, $o72< W UEE
DFEBREFRHEL TV LICOEHLLT, —HOLEMET

FHFESNREPBRE S 2w w) Tay
FHEIRENTE X2, FERICRE LA 37
M3 -7z (Kamin, 1868). TN LM, #EEHO
M TTE Yy F U3 h o L A BE R ENH
% & 7% 572 (Mazur, 1998).

RK1F70 Y FTHRETMRDLI2ODHARN
FERRTHE & — B R E R LT A, EE, 20
FERE 2 BB 0B L, ZOBOTATD 3 B
WTirbns. wllEE 7oy F 0 78R, EdI
[6) U2 EARE (72 2136 E & 2 MR
AT 5%LE) TRUDTEZT 5. W, ZOFHh
EWZXoT, HEANE Otld  AX) DTN
FEBELLFEUREOGEFRTS. LrLl, 7
Oy F v 7 HIIEAHBTOEE OIS, —HOE
FhE (e 2k A)bﬂtf+‘&$® B
TRBRT S, CNOLOFHREDOHRT, ¥—7 v b T
» BT OEFHEE G 0 X) 1T B BUGATHAR
N5, HHEE 7oy F 7L, EH53HHE
MEZZT5 =7y b (F) OFF2RBEL 50
T, FEBIGEVWDLWVWIEITTHS. LirL, #ET
Oy FIHETRY =7y ORI (F:X) XL
THRIBHEFD, F o7 S EHUBHBE I e v

K1 EERNETOYF VI FhE L ZOMEEME

it 1 BRE

5 2 Bel

Tay Xy % A—US

R EE

FA b LSS
AX — US X ? CEAYSA
AX — US X ? B SIS
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(cf. 1) . Thbb, @FES—7 v MITH2
—HOEZENH F) 13, EEL2FROTENHE
LCHREL v (B SN UBHE) .

b b ERRE L7zRAE M 0 BT b AR
Tay ¥ IREPMHERIN TS, Chapman &
Robbins (1990) &, #iliDZEALIC & > THiR = F
W2 EV)FEZINNT, 2208 DOZE
L2 FT 2 LHWSND 08D P ERARTZ(£2).
F20A B X YWRTHOHWERLTNS.
81 BRET, S A O BA LTI D RAT
B, ZORMOHE B O LR THRICEREE S
Al B2 BRETIE, S0 A & X OBMliATE B
WCERL, Wb R Lz 2R UK, iR
BEYMLERL, HidLERALE FAMTE, #
BREVPENZTNOEMINRE EDL LVWTFHT 5
A, =100 (TR LR LAawT & 22Tl
%) 75 +100 (HRA LA T2 & 2Tl
T5) FTCTHELALEZS, S Y 3RO L
Aaerk ) FilT 2 LB S N25 X 133
EALTUL 2V EHIF SN (R2).

SOk Tay R rBLE, FERMICE
DWEROBAHH TRV TE LW, 22T,
BELHL (US) OfF5 (CS) LN %, B
DRAEENE D) L VI IRER T2 TRET VAR
HENiz, ENSDETIV (Pearce & Hall, 1980;
Rescorla & Wagner, 1972) OMIEIER % 525, 7
oy ZBRITE 1R TRR SR O
S0l A) PEELEZOENIZOWTTHTET S
LI h o7 R, B2BBETHmMEN s =7y
MR G, 800 C) 2EELEREE ST 51HHK
ELTORRDNIEENTWREWDIZL, F—=7v
FBIEZFHRT LI ENTERVEFHI S
5. Thabb, #1BEBTORRD, 6 2BHBT
RSN oREE [Tay 7| L& FH R
N, L ONYT—Y a7y F v FEBRTE
DEZPIEARICIEL W EARENTE 7.

v &Y O EBERHERR IOV T 381

3. BEM#ERELTOHITIOYEXCT
B’

3.1 ITF7OvECTOFHEE

BROMBEEHEFVIIVTNRE, Tavy oy
DOFRHEILL ST, =7y MIE~ORIEAES
5ZLEFMLEMHTS. LarLl, 7uvyFxr7F
BEOHE BB LE 2 Bz ANBZ 1 [T
Oy F 7] OFFEIE, B FHIERENRT
Wwa,

T2l ZiE, 1T L 0B oOMITE AT S
T IV—) « ET ) (e.g., Pearce & Hall, 1980;
Rescorla & Wagner, 1972) 1%, %% L7250 HEIN
CHRHRIBDORTH S EET S0, £ 1EKET
AT (AX) OFERDHET T, 65 2 BRy
TEFR (A) OEMFOFE2REBRLT (FfT7ay
FUUW) D, F—ry MlOFEIZENRD L
FLAVWOT, HICEATIM (AX) 058 % L7272
FORBIREE R UL & =7y MRIBATR RS 28]
AN, TuyF U IIPELLEVWIEETFHITS.

LAL, BB ca UaFig % X0 s
TRHMLHE L T\ 5 &% 2 5 (Baker & Mercier,
1989) Tl, #IT7 0y v FOFHiE (4 1 BRy
TAX+, HB2EBETAL) ZXoThH, JuvF
YIUBHELHZ LTI L. RELRL, MR
BLALELZoTE NN UL RT-TL
FIDOTIERL, b MEEOLBIIEMS LT
TOHMICD EDE, ZOWRRTH - & H#%Y
Wi - 2 AT EIRET A9 5 TH D, WiT7ay
FUUOFRETIE, BWIET A MRICESHIE
K258 (AX+) L EFZEMBIC L 298 (A+) ©
WHERBLTWA, ToOB, EXEH AL, —
BLTEELRFROBE T L hoTwz, ZoZ kil
WEOTOy X IFREEFELITHY, b FRH)
WhT A MERICEN T CTOREE R | I
L, EOFP2I b bAHETFEETTHS
»EHHTH%ES, ELLOTHETLTayx
THELDHZ LD, SO0, $fTTayxr s

£2 b MoRHEREICENTT Oy 3 TR
Chapman & Robbins (1990) ®F2ER&ET ] > —FH & i A OB

St 51 Bk

5 2 Bl TAN R

Ty XM A - HiEA AX — Bl kA X? 31

el S B — 4L

BY — i 15 Y ? 7
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DFRECL - THONDZHATT Uy F ¥ 7B
&, e N REA R ZHER (retrospective infer-
ence) {To72Z LD E L THRZ SIS (Baker
& Mercier, 1989; Kawai, Nishida, & Imada, 1998;
Nakajima & Kawai, 1997; Penn & Povinelli,
2007; Shanks, 2006).

3.2 WIT7OvXIFREICHTIRESTFHE

FTTILBRZEH 12, BIROESGFEEHIHTHE
FE, WERbWmEO Ty X 7B E FHIL
BT BAY, FITTT Y F U IBGICB LTI
MERE L., FEHBIIKSOBIEIRESRD &
e d 2, ANWEBOFVE V= - EFNVIE, &K
MCHEERIBUC X 258 2 B L 72l T4t
ISNDOEIIHESI NG LIRET DT, B bHESR
o E R CRERZ PS5 (Nakajima & Kawai,
1997).

ZRUTH LT, By LS InEERHE R & 17 ) W RE %
R L 727215 @ Baker & Mercier (1989) M 3735 LL
BUZDH, FITTO Y F U rBESBIEEINL I L %
FMT2ETFNHD S (cf. 4, 2003). HfE, o
LHYHNBEEEROETNCTH LI L —F )
Wt (Miller & Matzel, 1988; Miller & Schachtman,
1985) 1, &M ORGE, HHHEIRR S
7ol &L, TNE TR L7FE L, €0
RMAEORERELFLOFRETFET 0%
FHELHERE LTCEHBERRAH D NS L IRE
T4, Lo Tary L= XL, @
DTy F VI TFRECBVWTEELHLOF R L
Lol BB FETLHONE, TAMEFTOERTH-
ELTEELBE L Lo TORZEZNH (A) THY
COBWFENICTO Y 2 STy =5y MilE
KsE ML EFHHINS., ZoiRFE, o
WEFHROETNVERLY, 7 ME (LEHEOR
MRRENIZE &12) ZNFE TOHMT T
ENDLERET S, ZD72, BHEOTAYF 7
LHITTO Yy R U TOFREDNTNIIBNWT D,
BEHEHE (A) OFEIDR L - L b EL b0,

Sep. 2008

Ty X IBEMBEINL I LEFNT S, T
Tbt, FROMEFIIHhPbLOS RV [k ] 7
Oy dr B T 5.

TAMNEZCZENE CORBESRKENE LEZS
TNV —FFUE, B AR E TV &ITR
BB5TVUET A, 2L 21X @FEOTOYF IO
B 1BRE LB 2 BB B S e8RS, [Tay 7 L
TWAHRM (A)] 2HET LI ETPFENETITR
i, T7ay 7 87233 ol (X)) s LTy
IS oNE 2 EaPHlT5. ZHITHLT, 4
HFCHII SN A RIBOEIHESNTLE ) &K
ETHMOBEEFEHEFVICLIE, TuyrEh
7R (X) 1 [ EshTcwizw] 3T4hoT, 7
Oy 7 LTWARMEHEL TS, KREL TS —
7y MBI SEEEE I L vz T b, L
L, RHIDT AP TWo72AY =7y bADOK
IS SN, Ty F Y IHEPHER I NI HE
12, 78y 7 LT H# (Blaisdell, Gunther, &
Miller, 1999) 2% 352 & T, =%y M~
DOFIEHBIEEINE T EATRENTE. 2D L)
%A=y HOTMIE, oL OBFHLTD
FEERIIZHE A 5T & 72 (Denniston, Savastano,
& Miller, 2001). L2 L, FHRIEICGEMISORDS
HEIICHE S NS L E X BEROEEFHET IV
TRENSOFRZFHITEL V. ERHDOZ LR
5, b MREWAEE L2 ok, FhE TS
L7-BEREERZ GHR L CRIBS I S b LIRS
ERONB LI HoTEL LHL, a¥iL—
FIRFEDFRDE E BXFFEINTEZID Db D
T, BHELTREZRITE IR T CICEw R
W GBI 7wy ¥ 0 7BIR) BRT 2 LRk
ENThhv. Thbh, 7ayF I EREOIN
Fi2k s, IEHuErAsnG.

3.3 b MPITHEEERHER FEIT7Ov x>0
ng)

TR LT, b h2RRE LAETIE, [

MHERR DO FED L FF 5TV 3 (e.g., Chapman,

£3 t M ORI B W CRIBE R E P
Wasserman & Berglan (1998) O ZBRaTH O —#f & 5 R OWEE

St 51 Bl

2B FAL LR S

TRy UM AX = EIR A = SEIR X7

5V BUE

il At BY — Jiedk
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1991; Shanks, 1985; Wasserman & Berglan,
1998; Wasserman, Kao, Van Hamme, Katagiri, &
Young, 1996). 7z& Z1¥, Wasserman & Berglan
(1998) 1&, &2 NI ERI2EMD L6 T LIV
F—OFRE o7 b DEHES TS L) BB
BT, b FHREMICERRAERET) 2L RRL
7o B A g s L7-W%E% £ & 9 5 Wasserman
13, GERDBPEMERHIBERED X 5 12H#HE —H5 L T
H250TiE%L, BWoFEEEREFL LI,
WREQBEFEVENTAEMB 2 0% 1 Hp T EIZiR
AL, EBOT A =Ny 7 %5252 CilTH#
BB S8 ZOFEBRTH G SRR O —#8
MBEIITRIN TS, Git sEEHOAEMA 2D
FTOURADMELTRREINZA, HF1EBEIEDS
TeRERT, BEREFEIZIEL K 2 20 AEDE (AX
EBY) BT LVF—ORERTH B EHEH L T,
ZOBROE 2T, HALHEMN (A) RHEMTT L
WF—2G|ERI T L2 LRHR BERE
XENHLYDEIDBRTULLF—DERKE LYY
WEHIRTL, BMOSEOTERD LS % 18T
EOFFRWIIBVTS,  FMSBEDHFRICZE
B o THBIC PR (retrospective revaluation)
THIEIRENT. TOERRMOL FEFRE
L 72 EBORR (Kruschke & Blair, 2000) 1, %
BRI DS SN D ERET B AEFHE
FUVTRHHTET, ¥ =7 v MIMORRRIZZ
NETORBELZIELCUSSHhEhsEnar
NL—=FEHEOTRR, & FRBYEehE TIoM
L7 M B IHIT % &) SfoEz &

(a) (b)

b & B o RIS W T 383

—HLTw.

4. BEERRVHRICET 283HOHR

4.1 EFEEE EOHR

v M CIE—B L CHBENHER OISR I N D
DKL, ZhEToBWEgs L2ERTE,
BIALRY 72 Tt & % B IS M AR I3 A H T
%\ (Nakajima & Kawai, 1997). Bi#icsiy 57
u &2 7BEOIEE, T 8L — F RIS
Lo THMMERKTHS (G, 2003) . £ T,
Kawai et al. (1998) 1%, 2 ¥ /8L — ¥ {RFHDOFY
W2 22012, Ty FeRe LzEEE
Tofz. UL —FRFHIZ I L, BB
B URER L Wl ( [AX+] ) 2R, 2
DRHDOVT U b & TEER B OFH % Rk
FUE (v r 7 [A+] - [AX+]  #AT
Tay ¥y [AX+] = [A+]D, #—=F v b
ORI E BT TH S, BT, TA OB
W27y 7 LTWSHM] 2HEThd [7ey
7 ENTWIe] ¥—7y MIE~ORGABIZE S h
5133 CTH5H. M 112, Kawaiet al. (1998) Ol
FHIOT A MERO—E (a) &, FRIFICSLREA
P SN ERET HET IV (b) &, WEHIHER
LB a0F (c) & & DICHR L. EifEREE
RAUZ, #HIBE (Control) ICHRT7 T v o 78
(Forward Blocking) O RIB&EA AP 7% <, 7av F
VBRI ONTVES. FD2003%)VIEE D
Z7ayF 7SR ELLFHILTWAS. LaoL,
WATT Ty F 2 7 OFi & & %2F 728 (Backward

(c)

05
@
2 04
o
o
3
& 03
s
o
8 02
2
c
;é’ 0.1
0
Control Forward Backward Control Forward Backward Control Forward Backward
Blocking Blocking Blocking Blocking Blocking Blocking
Groups Groups Groups

B 1 A part of results (a) by Kawai et al. (1998) and predictions for forward and backward
blocking procedures by Rescorla-Wagner model (b) and the comparator hypothesis (c).

The bars represent magnitude of response to the target stimulus (X).
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Blocking) 13, #Hll#EICHATE LA #EV UG &R
L7z

i, AIFEGIER S 3E O RTH L. D LE)
WA 2 17> T AL, f78R (o) IR
VPN v D S 4 = DB il w D SV -
DORUGIEE BITHHNET TH L. LTHD, H1E
B & 58 2 BRSO 212 L 727200 T, 2 BRIk
A ERERBBON. EHIT, TOT R POHKIC
Tuy 7 LTWAEFRM (A) ZHEL, BUOT
ARL7E A, 7=y bAORIENHL b &
DA YN —FRFEOFRMEITHI, WThoOMD
¥ =7y MU ORISDEEE 572 F72, K18
AVHIE (b) DETFNVART &), FEENZ
DFFRRELTHDINLERELTDH, HfT7
Ty & 2 FRHSHAIRE L W USROS KEIC R 2 L%
FUT S, Lo T, 20X RIEETHET
VTIE, ESARIVITR SN FEBRER LR TE R
V. IS oI, BETEEI RV ER A
PRIKENTOERET ST T, Tl <M
b,

RHEMEEG LT, EEHBEEIER SN ES
(A-X) »Z & %9 (Rescorla & Durlach, 1981).
WE, BHAHH (AX) ZZNEREE LS (US)
L ENZIEBNGEEDTEL S LS (A-US, X-US)
e shns. LaL, US ZiRe IR
ZHRL (AX), ZO®BEL LPOERNE (A) %
US &ERIERT 5 L, US LR SN TRl
B(X) 12D EHUSBILE SN D & v ) BT
FOTRE, %< OEBD SEARME (A-X)
WKHHEAEDPREEND ZEARENTV S, HITT
Oy XY 7 OTFHE DR 1 BT, BERHHIE
GBI NN, F 2 BRETO— OZEFRHL
(A)~NDE 540558, EREMEE % T Tl
DR (X) OERZ S EMWL SN D Z L TyrE
A, F1OIICTTAMIBITSES -7y Mil#
(X) NS IEFEHIFE L D A TT Oy F 2 TRHD
ZIDREDL L H D, T, T A MRICEREN
W(A) #HETWE, RLUL) ICEEMES L@
CTo =7y MO IR (F57)7) 355 F
L AT ESND (cf. Davis, Best, & Grover,
1988, Experiment 5). TN HDWTHOFHl D,
Kawai et al. (1998) & —F L T\ 7-.

Sep. 2008

4.2 EEM#EREHRTIER (EXEES)
ZREE S B R

COEHIZ, WTTOY X T DOFHE THEEM
BWEDTER S U, BRSNS & 3875 o R
EAEAMT I L% 5. Kawai et al. (1998) DLl
b, TLAEFMESAEAMEH L T2 %R
THRERDS, LEIRE SN TS (e.g., Schweitzer &
Green, 1982; Speers, Gillan, & Rescorla, 1980).
L72A35°C, WL DA OFE TEW AN EEIHER O
KL EARBEDBHRERLIZD DD, HREEAENG
bNeho7zDiE (Kalat & Rozin, 1972, Exper-
iment 2; Pearce, Nicholas, & Dickinson, 1981),
PERMESDVEPE L Lo TW22012, AL
ENZIETOEBEHHERIR SN Lo lzE W H T
HEEDEZ OGNS,

% Z T Nakajima & Kawai (1997) i, T& 5K
D EFMEGZPRRT 2 FHRE 2 HCTT v MH3H
BHERR 247 ) PRET L7z, 2N TOWM%EL 5,
1) HERMOFBBITED S » & BRI A2
% ) (Rescorla & Durlach, 1981), 2) 2 2OHili%
HERFI IR L 7S CIE R M S 2355 < 72
% (Pearce et al., 1981) & &Hb Ao TWzDT,
INOEERBLEREAT o7 @, WILHUES
BT 1T THEEPEL, 20 OFRRIC
HHLEBREORBAHVTVWTHEEDPEEINS.
% 2T, Nakajima & Kawai (1997) 1%, 7v M %&
SHGATREEEEE OFETERE T 72 B 1K
B C 2 OB A B HEAHR 2 SR E 2721412
BYEIES LRSS 2RI S T, —HD
EFNB K RICKTEARIIS 2. Th
LOFERBAINENEN1IETOLIE 2 o7
12 H b5 (Experiments 1-3), #f77 0 v F
Y7 ERHEORREMEONT. ThbL, 2HED
REER (REIRET 572012, [a—e—43]
E9%) ZERATERIARICRY, TOBIZETR
(3D ZERATEOGARRIZ G 7/R, T b
3MEFOERR (a—bv—) 2REZLE2T#L
7o, SBIZHER3 TR, BAERBERENICE R
7o (FRERKAZRBICT——%HK) 1D 00b
59, 13 ) BN & TH O RPE L.
Thbb, ERHEGZEESELFHE Lo
WZH b5, —HOEFRMEII LGOS
Bedhud, [Z20BiR (F5) ZUOWERARD
JFR] LHB550TiER L, MFoME (a—
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v—) LEFAREOFERN] TH2 LM

4.3 “ER—CEHEZHESELHR

B Etg s Lodifi7uy 3 0 FOERIE, b
327 BI4 (Johnson & Cumming, 1968) % BilF
&, WA OFEETIThRTE . Fhg,
BEMMOEHBRE, ZOBOEZNI X 5%
BRBZHELLTEIZOTHolz. 7)) —FRT
b OEEW G OBE T, TR DT
FTHPEEWRBIILY, HERMIZL 0L
TR L 2R AR TE 2w (Thbb
TR A HEOENIRIRT 5) L) HEsH - 72
PETHAH. U L THIEF DT oHRET
&, AT EEL S TESD, Wb ZFHiR—
OBPUL % SEDLZLIEITE RV, 207120, K
WCEFMBO—F L D ERESTTH S LHMS
hTd, BELFLOERE (b b ORI KRS
R, B OWREEESE TR Ao [EE]D)
FHATHIRBEEELZ LML, EEOMEIC
IREEZELZENTEL. LA, ERLFELOI
LEEN,1D22IFIC8 A 2 8 iE, AHEMICE R
NIFELL 2w (T EHIEZ EXTHEZ T2,
ZOBRICTETHZTLTDH, HIBIReEL %2
L0, MU L THERT 5139 EHNT
H5).

Z Z T Kawai & Kitaguchi (1999) 1, Bi#ic &
DB RN 2 8 S ¢ 5 HREE Vv CEE %
o7z, BARMICE, ERYavraeb52562LN
WHEZ EE T2 T v b & AN T, Go/no-go 7l
BB FOEBTE, Sy NIHBETD
HETEESRITNEI gy 735260, #HIZH]
DEFDOH ETENI Y ay 75 26N T4
bb, BRI EbET, ELPMERT 0%
FHL 2T, WFRIZLTh Y ay 73525
Nz, FE1EMT2HOS Y MADEEFOIRRT
TIHGEY, ZRoH0MENE & GHIT - #35) i3
352 2FEH L —HOBOT Y ML, 35

v b & o RIS O W T
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128 2 BERE T HE T RO EZENEME 2R S
PENIRIOFINEEE L7z, b LI ORD, HE
T o—7 (=& 2130) 220705 GofgFTho7:
AR IUE, 7 A D TORDImCF R
(no-go EHTH AW DFEF) IS LT Go Itz
LW TThorz. ZITOHMOMYIZ, VT
NOBERYav 27 &2F5Z LIl2%h o7 Ly
L, #7780y %0 7 OFRE %278, Ml
BEICHERTHBEICZ L O Go WIE % L, IR
LITH DR, ThHLLEANELO T OBEETI
FIEEIC B W T O ERBESIIR SNz, Lizh o
T, [&07-0i2] o5 L HKT 20Ttk
{, ZHIR—THBHONM %82 HBIIBVTHE
NI MEHERZ L2 ERH LN R o 7.

5. BMWPEEENHREITHOEVEHE SO
PER EELBERICHT 2EFOART
Uity

70y ¥ v 7T E O & BRI
X, BTy rBREFUTLETIVICES
THETHo72. LHL, arsL—sRHzR
325 Miller 2bHH S, 770y F 2 7OK
HIZEB LT3 (Miller, Hallam, & Grahame,
1990). fE51E, CS Ao ARBRIEZEFRT S
HEMIUL, Fhh (BENRET) Bos 2L
FIRFICHELWEE R, [CS LB %2 HRT S
A WA A U a FE R LT Ty

F 7 %BE L7 (Miller & Matute, 1996).
Miller & Matute (1996) i, B:¥ G217
LHITTO Y X ST E EMAG DY EET,
WATTay F UV IBREHBTND. £4IZTDE
ERETE o —EF % R L7z, Miller & Matute (1996)
i, 7y ML TET 2 204 % FIRFICHR L
(AX), ZOBEBIHORERE (S) &R L2
(AX = S). %2 BRRECERBRI, #HEMMo—)
& 1 BRETIESRIEL (US) o Fl % R LR
BOMNPETRE ZT 7225 (A—S), HHBEZZOTHE

K4 BHETMHEEOTEHETTO Y F L VOTRE A DET:
Miller & Matute (1996) O FEERE] | & k5O —H OBEE

il B1AME B2l E3dm 7RG R
7Oy U8 AX—S  A—S  S—-US X7 OB
ﬁfﬁﬂﬁ AX =S === S — US X ? ﬁb*}xﬂﬁx

i) EBOFREZESISELT T4 777 MR DB R >T0EDT

ZITCREHEOAZFRRLTNDS
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B hhodz. FLTHEIERET, AL XOW
FEMEe % FRSE 572012, 3FHORNZ
US EHERL7Z (S—US). ZOFHEXICL-T,
ML A & X OWF IS 2R L7722, %
BEZ s — 7y MR TH B X O F UGB H5
K Zzoiz.

CORERIE, BETRROT R HVIUE, B
THHBNHERZIT) 2 & BfT7ay F 0 7H%)
ZRLTWS, & MDA OB CRBIGHER %155
7eDIZiE, 20X LR GEERRESLETH S
A, b bERXR L LR EHRERE S, ERIE
WL (BRY av 7 Rf) 252 THELT,
AT\ BRI B F IR R & 1
TWBIETIHERBLTVS, b FoEBTIE, 4
ZEDFEBIRIUII BT, HRPMADT LIV F—0
FNZEHET 5. Thbb, BHEEASIHRE S
% bIFTld %\, Wasserman & Berglan (1998) T
13, WEBREIIE 1 EEOFE I o THATHO Y
L6 T LIVEF—DIKETH S LM L7zkic, %
FHBES L DB FEHETHALZ L2 I HITEEL
BRI Y — 7y PRBBASEI Cld v & HEE L7z
B, DX BREEORNIE, BWOFEERFEL L
Nt TEEZFL ] OAWFNEZ (biological
significance) 255 <, HHIIHE URFOHEE) %
yoencErordbLnirwn. Lo T, b
b 72T AR A 4T ) LE A TN, e b
THEY & RIS A V37 DB BRI
EHWTHETRETH L, Z0O L) LRI
NETIAITLR TV ARVDT, SHORHILET
H5.

6. EREDEIFEAHR

I E T O RIFNYHERR 2 22, v
TNLTY PN ERNRELIZDDTHo7:. )
WASREIHER 1T b W Bk o X 9 % Toh
ELOEVDEZONDN, £ZFH Ty PN
TIRZD L) ZEREATHIRIP B O2E Lk
v 22TE - AR U (2006) &, =F o4
% i GAZ MR & 17 9 2 RE L7z,

EBIZ, 3O0HEHS 1 D2OEL VDL D% #
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2 A Japanese monkey performing the dis-
crimination task for blocking experiment
in a WGTA (Kawai & Kubo-Kawai,
2006).
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HEICEHTIEEZ A TIUE, BFEoTa Yy X7
B Z TS, AT 7 ay ¥ 07 (g
w2 E B 2 EAVREN TV S (Aitken, Larkin,
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2007).
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It is well known that the symmetry bias much accelerates the process of vocabu-
lary learning, especially in infants’ first language acquisition where they easily tend to
connect objects with their names. However, the grammar learning is another impor-
tant aspect of language acquisition. In this study, we contended that the symmetry
bias also would help to learn grammar rules. We employed Kirby’s model (Iterated
Learning Model; ILM) in which the parental speakers uttered sentences with their se-
mantic representaions and children guessed the background grammar in their minds; in
turn, children became new parents and generated sentences in the following generation.
We revised this model to include utterances without semantics. We have shown that
children could abduce the meanings from utterances by the symmetry bias, and that
they acquired the same language with smaller number of learning data by computer
simulation.

Keywords: symmetry bias &k’ 7 A) , abduction ({HHIHE G
learning model (# V) 32 L 4% € 7 )V), compositionality (&), grammar acquisition
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(SCIEIER)

1. (FU®IC

T EbiE, AL 107 AhS 187 HETIISiED
WRHEIZEL, TogEEb K. £z, o
BRMHICEZEMAPE LN, oMo [Rwz
B BRI —EORE 213723, THTHL,
185 AUIRRIZ 7 5 &, B OMAT#EED EATY Fh5e
DBWRIHD % o T L (MK - 4 K, 1998).
O, —HY T~15 BOERFEET L L v
NbTBY, FSIERNRAY - FTHLVE
W3 %, REE SN2 SRFOBRIIH T2
WHEZRKHT X CTEZER L TV ADTIE, PHOM
SNHBA SR MR LR T 2 0IEAWhE
Thb. ZOMEIIHL, »LHEOHKEZFIHT S
ZETHREHEAZRBE LA L CHEREIToTwb &
ERIN TS, ZORRERANA TALLTE

The Efficiency of Symmetry Bias for Grammar Aqui-
sition, by Ryuichi Matoba, Makoto Nakamura, and
Satoshi Tojo (School of Information Science, Japan
Advanced Institute of Science and Technology).

R E OBMRZ R T RBCR S S TWv B
(Imai & Gentner, 1994; Markman, 1989).
TSRS L CZ L ORBANA T AL D
BIEASER S T b (43 - $14E, 2003; Landau,
Smith, & Jones, 1988). FEHIEM 2 ISV D &,
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L, MEF 7T PELTRZZ D E WD HET,
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THERT LA T V=7 FERET LI L TIOM
PHE SN B EF LN TS (Imai & Gentner,
1994, 1997; Landau et al., 1988; Landau, Smith,
& Jones, 1992; Markman, 1990; Markman, Wa-
sow, & Hansen, 2003). N6 DA T ZADHF)
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P 2% CHMIBTITAILDbhrs. 20O
I9% TP %513 Ql WO HRMEILZLL TS
REICBWT [Q % 51X Pl SREERHIE. LT
LEEZTLEIHEDOI L2 MM, T AL
MR, 2ok S, wIEERICBVLTIEERY
THHD, & MILIELIEEHEERORREDI T
oL RiERT AL O L s
Tw5 (IrREB, 2001, 2002a, 2002b; Hattori, 2003;
Sidman, Rauzin, Lazar, Cunningham, Tailby, &
Carrigan, 1982; I, 1999; Yamazaki, 2004; I
W - BRI - B2 B - A3K, 2006; 1L - Fi 2
% - AZK, 2006).

L LAAs, ThETORMNATRLESE
HOBRIE, FICHERERCENPYTORTE
D, AHOSTEER L) RE R L TRl
EIZRE L TNA 7T A0OEMEZE FET 50T
ATH5ThHs BWEABOII2=r—3av0
bR E LBV, FRCHESOCB T 5 HlFTdh
D, TN ZDVEIEMS L RHNA T AL S
LB THDHEEZD. KIFETIE, AMSHED
SIS RHE SIS EIC B VT, & MEE O N A
TATHDEVDNDNRENA 7 A0HNAEH
LTWwall%, gAY I2L—Ya vV TRT I
LEHEHMET B,

CHETOFERY I 2L —3 3 VX B3N
A7 AT AL LT, sS4 7 2 %242
o=V MCEBTARBN YT 4y FEEDE
FARETOND. ZIUIRE{LREOREE LT
BIFSns N RNy 74 FEREIZD W TR
NATAZBHLEZDDOTHY, FHEHEYI2L—
Ya v BB OERER R L (B - T
2007; #EJ5 - HIT - B - i, 2007). 72, Th
DI E UTHBIE F V3D  GERMEAE IV
DHEHLTEBY, SHROFEIMESNS (K -
FHIET - )50 - BEH - HTH, 2006; &5, 2006; &5 -
FHIET - #5A - REH - FrH, 2007; HIE - KA - ANE -
I - RSP - H:H - $TH, 2007).

—J7, BHARIC X AHEUREICH T A REN L
flFgE & LT Kirby 12 & 28 0 3% LAE 7 V035
oM s (Kirby, 2002). Kirby (&, Az H

Sep. 2008

7B ETHOREE, BEH T -V MEE
BHEL—TV v e BETETVL (terated
Learning Model; ILM) L, #X238% 3 %#fE%
RL7z. 2T, i REEEE TRESNS
BRER L BAIBT B R R &R LTZT
WY, ARetEEEE L R EEEIC X o THESOV— v
DEBREAT-oTV D, KRBT, ZOET
WaER=ZE LT, NN T 2O EZRT
EFNVEMWET L. Thbb, BANA T ARMA
o=V v b EFERECEmICERL, T—
Vv ML THRRLCEICHET 2EEEIT).

REIZHRWT, 2 BT, AEOERET
VDOR—=Z L LT3 Kirby 12& 580 K L%H
E 7V (Kirby, 2002) IZ2OW TRk § 5. 43 % T
1, SHEPIRLZEFVEERL, EBREH %L
Th. HFABETIIZOESRHEERL, #5HIC
MamaE <.

2. BERNXGEDEF/ETIV

ARIFZEIE, WS B 20BN 7T ADH
AR RT720DET VMRS 512H72 Y, Kirby
(2002) D#EYELFFHET NV (LT Kirby €7 V)
ER—=ZIZLTWA. PREICBWT, Kirby €7V
DFM R EHKEIT.

2.1 HROEEEBET I

%9 Kirby 7 VA BIR, 308, #HICH
THEHRELT). TOET VBT D HFIEOH:
MLAIE, RCBIRDITIS L2 RGi 2T ) RAZ—V =
Y hE, RRISHT B3R L, SRR
KIprTrbr—vYz v o2 EOL—-Y 2y
PR ING. RKAZ—Y Y MIHGTHSOF
AR IE DV, RIS U2 RFET 5. T
Edr—Txy M TEREZISHT R (G
i) WY, ZoMESHEMmEkE UTRLET 5.
FE I -V ¥ ML, ExAEEZILT 5
Beli)., ZZTHWLHEEIL, A8 (composi-
tionality) B & O'H itk (recursion) &9, Fik
DELORHE LTROERNLLOTHL. Th
W&, FFERN LS, REEL L
Mo T, GHEE R 72N 2T 5. Kirby
(2002) 1X, TOEFNIZLDEREBLT, 20O
Zo0fERNE 2 HIUL, REN L ST ER
52 ENHEETH Y, Chomsky (1986) 259 & 2
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% ® LAD (Language Acquisition Device) 234:1%
BIHib o> TV LENENZ L 2R L. T
FXFHNE LCOXRET 22T IADOTiER . #H
PO ZOREIKT 5L 2 AEZITRY, T
BIFEMAOPTHOBHEZIREL, ThrIELW
CEERFEMAORTHELET 5. LoT, BArLHES
NZORBEREFBFHELEVIRT THL—F, TOE
HRASED X HIZ L THOFRRIZH O Wieh 2R s
[0 O#FE, FEDICL-TETIv IRy
JADEETHS. ZOXEDOEIL, FELHH
HOWECTHCONBIHET2b0THS. 0
2 )i% b9 LIEMICRISERS

2.2 E-EFELI-EFE
AHOEFHEIROZOD T ==X %HOLEED
1% (Bickerton, 1990, 1998; Chomsky, 198; Hur-
ford, 1987).
I-§8 AMOMBICHTEL CTEREIL 25K
=R
E-EE wHdb0IIes e LTHMEL L 724}
=R
Fald FEEERART A EERN - LWL kg
Felz s, (BN SHFOFRICIEO VT, -
SIEREHTH S L LRI L 58
-5 % (predicate argument structure; LT Tl
LIFLIE PAS EIESR) ICX TS AL
E¥%h, T—VxzrMiaIazsr—vavid E-
Bl EoTIThI A, §hbbr—Y 2y FHT
F—EORIOXTHNEETILICLD, 2322
r—aryiMrbisrbolds, FHEIINLLD
XFEH % [T H]I3—Y oy MDA T R
EBENCHL L kv, ThbBEEED -5E
TEFIIERER S 2 EATET, FHEOBEREZIELL
HFS 572 DT T OEBEICB T 5 FiEUAL ORI
FIT 4, PIZIEHEEHWZIB LR L% SIESRE
THIELID, LML 0L I bsss
IFFHER Y I 2= a VICE > TIHHENTH S
728, MOWZE L Ik, R THUTO L) 2%
EMHEE RS S.
(1) FWEHEIHEICALET Z2EREME LR ST
DIZ -k o, -SSR 55 | B
(PAS) TEILENZ D LT 5.
(2) FEHEIHBONIIZBWT I-5iE% B-5i%
AT B Tk AR RO, 2 PAS 307

W SCBAHIZ B B3N 1 7 2 A 459

FNCERT ABHITH Y, XTHEEKT S
EVH)FERTIETH S, b LB OHD
HT, FHEOEVIWT L ZEYICERT 5
I HBUA 2T, FHEEIHCZoR
Hl % #8% (invention) L& F L% 52\,

(3) & E-Fik Thbbrhla ME i
T ZLCIOEREEZ, »POEEIGEE
DEMZE LR TE I L2 RS 572
OIZ, FIRIZ ST b PAS T

(4) EFEEEED 52T o728 L D (PAS, %
HXFH) ORTh 5, % PASI-Sik) A%
E0 XD BHATLTS] (E-S7) [C48Hm S
hWizhzim L, XHbT 22>, £
DOILFED L b EFHEED R0 TV IEE R
%55DE R LWREMNEND .

(5) TEZIIHIFTEHLIZZOEE D LITHT
IZEiE L Y, Bl R 2 EH IS5 T
HOOBERTHEZAHRIEES.

FLO T UL A TIIEE A 72\ S0k = A L CRE
By, TOERLIZLFIEOSWT E-Silt
AR L T R R ICER D L0 ) BRTER DS
FADSEOMEDEF NV EEZ LI LN TES.

T -V MO FR TR
RKANZ—=TVzr e, BODPERZTHFE LY
% ThbbLEEAMICEOERRETT S, T, B
PACORAT =Y 2 ¥ MIKIATIZNY Bhh b,
WP OMEDRAL—Y 2 ¥ NI S E - T
WD, RIS LT Y8 AICEREERNY 2
5h5. $72, FELI—Vy bOWMBIREIZHE
AT D EFEMHD I 2. ThEHYETIET
SRR R TEML, MiElIhTwnl.

2.3 SHEAMBOER

Kirby &7V TH ) XEF, FRE 2SS
%I % il 8 30 (definite clause grammar, B
T DCG) o Td . DCG &3k H HCEE:
RTHY, FV—ME (1) @ & H IR
5 N x—o2bo. 7, ZOKBOIKIMm S
N Z&M e 2L, Zof5frimiz328ThH
ABOFREH vV 2ENTES. IhHOERL—
Ve T —Y 2 Y POFEHAREE LTOIEET
5. ThLOFHEM#ED RO T T 75
LAHEEH T ZHI L EZORGH T %
DCG #* EKBL =X LT 5.
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Njc—V* (1)
S c Wi —BmFERETRE SN
(J#k) (2)

BRE LCHIS S5, P, X, Xj, 3Z0Zh,
FE, BIEE BEEEICH5. SHUCEY, [V
YHE— N EFT 5 72) LD BRI hit(john, ball)
LEATE S, ORI LB AU

hit(john, ball) — hjsbs (3)

Pi(X;, Xk)

EWIHHANX [V a YR —=NVEFT 7] L)
BRA KT IEEAT “hjsbs” TH D E Y ;.k*a:?%b
TWwWa, F/2, kRO L9 BHI

S/hit(z,ball) — h N/x sbs (4)
N/john —j (5)

Do HFEOEIRE KT LEER S5 LT
bo. X (4) I 2 JEROTRERZIY
REEBTHE. ZOLEKRIN (2) OBFHERTIK
WCHWBZEWTE S, T2, HMTREIRICZRSL
EHTED. BIZIE, EIR hit(z, ball) & TUERE
DB LRTNE) A% ball % hit $5] v
T LD, TOLIIIEREGUEREEREDL?S
% BB 2 G 2B (compositional rule) T
HbHEwH (K1), ThCHL, BEERLTIEICER
DL T R WBIHI 2 IEEE (holistic, §72b
LXK TOEDDEHRNREFRT 5) ZHAIT
HBHE) (H2). BAIDOEEIED & G
9%,

S S
A B
/\
(] D
| |
h G| sbs hijsbs

1 almzBal. K2 a2 s

FE 1 GRELE, AN EBHIOR

RICEEFND2EBOMBOZ L%\,
Blzix, X B) BLUKX 6) OHRDOEREA 0
THHOIHL, X (1) ZERELTHS.

Sep. 2008

B, BAOFRYBEIMOFEREZ > SR S h
TWwaYe, OBz BERRA L 1r5. X (5)
IZHFERBIITH 5.

2.4 ERAMEOEE

FHRI—-TV v M, BHOAREFEHICE-T
FEALSELILNTESL., ZOFEFIUTO3IDOD
#~ L —3% 3 ¥ chunk, merge, replace’) 12 & 2 #1
HO—iILTH 5.

2.4.1 chunk
ZOOHGEMTRWHINIIBE VT, FIREER
DEGZ DL N—EHZTTHEEL, ThHD
OBANZHIBR L, RBUIHEE LRI 2 BRI
MET 5.
r1 © S/read(john, book) — ivnre
ro ¢ S/read(mary, book) — ivnho

CDOODOHHA 1y, HEROESL john &
mary ODHRHPELY, ﬁxiﬁ@ﬂi Ci “ivn” H3LET
ZFNLUBENELR L. ZOL) BRIGEE, KD r3, 14,
r; CHEHEMRR 5.

r3 : S/read(x, book) — iva N /z

ry ¢ N/john — re

r5 ¢ N/mary — ho

2.4.2 merge

FEADIAERFL T DALY, FRDHBAD—
BT B Oo0BRIND - 72 E, s L IR

Wil s & b o B TITHL, EHo6h—HDdk
el 5 IS A T 5.
1S /read(z, book) — ivi A/x
r2 ¢ A/john — re

—

r3 © A/mary — ho

r4 : S/eat(x, apple) — apr B/x
r5 ¢ B/john — re

r6 | B/pete — wqi

FEEOBA ro, rs FAEBOIERIGFL T DAL
DHEF—HLTNE., ZOBE, UTDL)ITH

1) chunk B & ¥ merge 1 Kirby (2002) 12 & » T4
FHNTwas, LaL, replace IZFEHEIIEINTWIH %
i Twuiwn, Zorxb—va r 7, B R
(2007) 1I2Ho <.





Vol. 15 No. 3

H3N5.
r1 © 8/read(z, book) — ivi A/x
ro ¢ A/john — re
r3 © A/mary — ho

/

ry o S/eat(x, apple) — apr A/x

/

rg - A/pete — wqi

2.4.3 replace
& B HEEBIHI O IR L B TR OBANE
FNTVDEL5IE, ZRAEOBAZHIERL, XA
FEDRmWHRRAZ MR 5.
r1 © S/read(pete, book) — ivnwqi
r2 ¢ B/pete — wqi

COZOOHANCBVT, 1 OEKRIERD LD
W1 O—FIZHb. LoTIOWE, 11 28 ©
IIICHEEEDS.

i 0 S/read(x, book) — ivn B/z

3. Kirby ETILADXFRME/N1 7 2D
HiAH

3.1 Kirby EFILOES

Kirby (2002) i&, T— = ¥ MASEBRZERIPI4T
DFERIZH LT, ASOHROATEIHTE S ES
W LTEBEAERL, TORAELMHROKE
EDTODNRG A —FIZ X HRH LR EENED X
INEALT B 0% TRz R T, SCEOM
B3 7  RBUE D NS WIRBICH 5205, 1412
BRL, AT LRI 52 L TF
BN 2R L o2 b SCEOBMBUIEAT 5 L vo
TeBALSB I, KR, SRICERMEEN.

CDEFVIZETDL Y VTNV THBIZHHhDS
THESEROREDOAIZEH LIBRIETLVTH
570, ELEEFZOFHRL  OFEFH I
WIex LCwb. 2T, AFETIIL T oS
HIMT 52T, TOEFNZ WML ZE L
AT T VICYRT 5.

3.2 Kirby EFIVICE T 5 55ERA

Kirby €7 WVIZBIT 5 LFELO T 0¥ AT,
&1 eat(john, apple) & \9 PAS Z{EoT
“eatjohnapple” &\ ik & 7R T—D2D E-

W SCBAHIZ B B3N 1 7 2 A 461

SREHOFEfE L Loz LIlh Y, Fopicik
DWT
S /eat(john, apple) — eatjohnapple

EVIHBRAZ AT 5.

ST1o0HAOFHEE R TALS. Kirby ®
WiZETIE, WDIC - LTO PAS HH & T
HY, FHHEFZETTEMzREEA L LTENE B-5
FICIEIRT 5 L) FIHTHEFE bR §5&
LFERO—2OBAONTIZBIT 5 — IZlE DIH
KoL LTOEKRE D, eat(john, apple)
WEET A DIL ‘eatjohnapple’ THDHE VI L9
Wt 2 ENTEL., L 2ADPWEDNSIIT .- T
AL Z D L) IZFEE OFEREE R A D BRI
B TATFTEDL LV 2 LiE, EIFHER
IR YENVRETH S I EPRBRDENDETHA
I, A BEFOFRBIICBVTIOBRVREE
B3, SEEERRDz DI O WIS L7 &
LTh, WML 7 22 & o TR RSBmO
R THS I EEIRT.

3.3 BEBUERVRAAL
RFZETRET HIWIRET IV & Kirby EF IV &
DORERENL, FEDBT—T =¥ MOYFIZIEREIC
FEIINIET L2 EREEHTELVWEIATH L.
T bbbl THIUL PAS LIRS RT TEIN
23T 0b0%, BEHEOLTHIOANEIND L9
IR EES. Thi, FEbZ—TY =V MTEo
TKRD &5 ZRIRICH YT 5.
o BL—Y v bhSOREIHERMNEERT %

LDOTHLHIHETE Rho i
o Br—Tx IO URLAEEIZLDHESY

V7 A BFRICALTAZELII 2= —V g

b o I
oL BHETH, TEIZ—Yr MIEHS
HEEIZER TSRS L C W A SIBRARC L T, B
DEEOERTHLIHEMB) L5, FTridZ
h#

S/p(a,b) — fjaljla
V) EF D EFNT BN T R EAE
D}, “faljla” &) FEEEDSSWITHOBER T S L
A, Thbb
222 « fjaljla

AL LD L) Fak A% Kithy 04 ¥
NWERETFVICHAALZEETH. CHIEHOE-
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2R HEOAZERARBIZE) [RREBD ] L
TLEHZ L, HHVIEBETE [Bwiks] 2L T
LEHZLTHS. @ETHNIZDIH 4 [RE
B0 ] [HGAA ] 13875 M OHEGs (abduction) %
LTLEo7Z LIV ETEHETHE. Ll
AL EHRARROEAICHL TR [Resh | TR
WikA ] OWREEZ SRS D, FFMLEVIHIE
WTHERTH LR D 5. TNERIZHBRS.

3.4 MWWHMENATZADS HFHRET IV
EC, B BRI —N—Tid %<, —N£H5

WL —THIHEEDIHN I B, LI LEDFS

FADOEHEHOA T 2EZ L E, TOXIRIEIM

— M —ZRATEEEZOND. T EHRELETH

WChH, ZORNTDHZRBEOSIEMHAHIUTH

B ANA 7 2 X o TERIERIIENC L D 2 &

HFECT& 5. DT, IhEclixi-Fer0E#HZ

AWFRICBITEHEE L TELED S,

(1) HAEMFUIBVWCIIHEHOERT S L AR
WO L AFWETH S LIRS B

(2) WCHHEDLS TR ORGE % IEY % S5k
BERD, BHEOFHMMRCTRHRRMB LIRS
BEH % H50.

(3) WEEFIERE D> TTbh, EHEOEX
o> TEDOEM % ST 2 CTHEEDILIK
INnb.

(4) WEZEVPRFEOAEZITR-T, HEOESW
HEENED OMTOSHEAME L T
ZNIFEFEEROME L IZHNETH S,

(5) FAIZIN%Z SFHEHBIERICBIT 0N
4T RAEMEDTS.

(6) XML T ADERICHE  DIZEEOH
REFRER— W —ITENWE ETH L. SHED
HREFEHIZOL D ZARICHLEEZD
nas.

Dbz 2T 572012, FRRO L) 2RHZ

VTh.

#E 1 L LEEPRHELSTEZUNS L, HEIS
HAOSEAMoOmZER L, 2o TR
FEEZITH- TRV ET, HLHTL
WITH B 7% S35 ARG LRI L&
NZ% %, Lds TSl oOESD v
Iab—yarbn) BRTIIEHREROBR
MBHATIhS, LA LIhEEEEORE 70

Sep. 2008

Y AN Mb %728 TH - T Kirby EFIVED
AR T OB ER D 2 .

#HE2 L2LAEDS, b LEZOZORETOL
S 7 SREARERAD HIUL, FROKIN L 72T
AEENTOTH R A% R o 72308
WEHRTED.

RETIEINS OMREEFHH 32—V a

W&o THEIET 5.

4. KBRS T RERBRA EHIRET L
& BER

KETIE Kirby €7V %2 N— 2 FMN 4 7
A B AR A TR SR E R 21T . AEBROE
&, IREANA T AR @EHT A LT, A
AN R CFHFTE NS T, GktEE b OLFEE
BT 27200%FFPMEEISNLZLE2RTILETH
b, INEATH 7201, MBI 7T AR#EHA L%
WEFNVERBELT, FEHEVRSOAEEE b
NEESED L EEBRICE > TORT.

¥, bhbhid, Kirtby EFVEZBERL, ¥
EEERE BT 5. ZOHMITETIVOREZ M
HIETHL. Thbh, COREOMAETHR
Wod2BUNPHEET L0, /2 FHI-V
Y MEWOTAPLEREROKREERHTE L
LR LR 500, SCEOBMBROZLE L,
Kirby €7 NVOKRMHLER LIRSS EHEHW
Thb.

ZOH%ATH FBRIE, FEREERARARN L WA
12, (1) 2032 WA L THEEICHMA L 2w, (1)
BR%E 7 ¥ ACHIE LAECAMT 5, (1) o
WENA T AZENT 5L TEREEE TS, ©
SHFThDH. EBRO) OBMIIE, TRERE
LT, FHIHATLHEREOHENILZHERT S
WEOEEBRHTAZETH L. T2 (1) RIS
179 FEh (1), () LHBEONEERLHDOTH
5. FEEE (1) & EE (1) OlETH 5, (D)
WKLo TEREED VWA EMNT L2546 L (1)
KXo THEREMTET AHATBRRLI LT, €0
W7 O APERICEH S 2Bl 5 2 LasH
WTH5H, RICER (IT) & FEE (1) ORETH S
A, FEICFIT 57— & Bk U4 ok z
WET D HBEICBWT, 18T V7 LICERE fise
T 5 X DIEHANA T AR THIZET 5139 3G
MTHHIExBUT LI LPHNTH 5.
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1 BRERORE

i | ITEEE R | g | HRER X
1 admire 1 gavin
2 detest 2 heather
3 hate 3 john
4 like 4 mary
5 love 5 pete
4.1 RERRTE

REBFTHC L BEREROBRELZELITRT. 2
Z Tl Kirby (2002) 12 & % 4 BR o> BBk 22 [ % {3
L7zEBREF L L D2 Wz li#EiE 2 205151
FUAFE LB LdR <, love(pete, pete) D &
I HRFEBIFHFL TR, fEo T, HRZEMOKE
I 5x5x4=100 &£ % 5.

KEBIZBIT2FEOBELRRS. Fafr—
TV M, EETREERSLZ6NS. R
WML, BTV MIHSOLHIZL>TED
BEWERATLEMEERT S, 52 oh-8K
W L CHIBOWRE 2R 28 M L6, i
BIROKEIES V5L THL. PRIV b
BEFST—Y Y PO/ L, WHERR
DERELITH, FEIL -V Y M REREE B
TLABIIRTFL—Y v MIRORTFEITH. %
FiT—Yx v M Kirby O3 & FARZ, 148
T50 MIFEET 5 &) I L, Bifixiz 7%
HL—Txr MIHBEEN, KOMRANESL. RO
AT, AR E Y = v M A7z
I—=Jxry b, FRMOMES Fz v
BHr—y v bp@msh, FEOV—F 2l
BT, SRR 50 | & 1E, HKREMOKE SO
PoEERLTWS, g, #HI—-Y=r b
BT —T v MO ERERTRTE TR %
L ZENTELRNWILARLTEY, HHRENE
TERHTE 2MEEHL7-OIEFFIT XD Ak
AL T A UEDND L. EBI RO L &
B, 2L CEBEBAOERE L FEOBRD
JEME X LCIK 100 AL E THEBRE 75722, 22
T, FHEZUTOLIICERT 5.

Tk 2 REE L IEREMETOERIC

& LT invention €9 1255 T X 5 KD

HEDZETH 5.
2) %FE, 1000 HACE CTEEBREIT-724%, 100 HALE T2
BEoRILE, BBROWM PR L Twiz/o, K
FiTiX 100 AL E TOHETHRL TV 5.

MU T BT B0 N A 7 2 Of Rk 463

—
>

=

o

S

—————————— 100
e Expressible meanings[%]

80 1 80

60 1 60

X

40 L \\ 1 40
—

20| “Narrberafries ™ 20

Range of expressible meanings|%]
Number of rules

0 20 40 60 80 100
Generation

(B)

55
50
45 |
40
35
30
25
20 t
15 |
10

Number of rules

30 4IO 5;0 éO 710 50 90 100
Range of expressible meanings [%]

3 Kirby(2002) ?»EFERER. A HHRDEST
W2RE S Sk o BRI & £BUE DAL, B. X
FEOBE E KB OLAL.

4.2 FHER : Kirby T7I/ILOBERE

Z DFEERIZ T FE TIZER LT & 7z Kirby (2002)
DBEBTHE. OF D, BiFT—Y bOLR
FEIZDOWT PAS ZFBHCZHY, ¥ -V v
MIXEEEETHI LN TES.

M 3(A) 1, 100 4T L2k THY,
R EDOEOBIAE & LBIEOZELEZ R L72b D
Thb. Tz, 5T LZHREH3B) ITRT
i, FHEISHT 5 EoBAIBOZ L ERL
TW5.

K 3(A) A5, EBUEIIHAZESIZL72h5T
BHEICHAL T OWbhsb. —F, CEORH
U WIS TS, ok, RIEIZE LIS
BRT 20120 Lo BB S T 5 & vD)
BALZ AL 2 LDTE L. OB, Ek
&R —IHIE T B IR BRI 2 5 &
LICX Y REENMINT A EZONS. ZLT,
OGRS BAIAIE Z 5 2 & T, FHOBHH
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PAASIAAS ) —fefbsitede. Sz kb, B
WL, AR LBAOB &I 2 Tn L AR
LA Z B EICL ), HBEEZRLOD, b
L IR L 22 b Lo BAEDS A3 5 a5
H3(B) OEHRTEL. ThbbIiHICAKMED
Bni-Zdbnrs. FE, FKBEA 100 % TE
OBANEAT 11 F T Lo scidig, &R
(EFE1) 2% 3 OHFHIAT 1 & HFERHH 10 18 CTH
SN SETdH - 729,

FEEAE R SR TFMEROE N RS, (i) 4
W ISR oBAIED % {, ZORPITIFER
HARBEANTH S, (i) CORMEZAE, SRNLHR
2R LI U0, ZRUCE oA
WA B, T72, (i) TEOBHIEUL,, 100 #A7
OFHT 2L 1 HTH o7 ZOH)bRbWILE
BATCIEHEAIBUL 11 TH -7z, ZTh b Kirby
(2002) DAERIZHEFT BIER L 2o 72, KEILIFRI,
COEFNEN=AL LTERET).

4.3 FRI1: HEFERDP b5 HVHEEE ER
THREEI-TU 12 MILBEER
RERTIE, FEI—Y v MDREER % A
WhZewvwe &I, ZoOFRELEALFET 56
RLTWS. Tabb, FEEBRREE, FEREmEHS
I A= & LTEALT % DAMIHTHE O FigEsk & [F
LThb ZOFEBRIZLY, FRI—I v b
BUHAT 27— 7 BFBRHRICED &5 1528

FTEODEMRTHIENTES.

100 [EERAT L7245 RO 2 K 4(A) 1R, Z
g, HAOMTINE D RBE L ko BRI O
PeRL WA, ThEOMIE, &Gz EHE
L7z E& 23555 mBD 0%, 4%, 8%, 12%, 16 %,
20%DE EOFRERL TS,

Bl4(A) &0, RFELEBL-HEVRE-TDH,
HREZELQLICLIZACER Y v MRS
ZHEOBABIIPOR L, ZoEIckE ik w
Db hB. L, WHT 2 F TOMREICE
WA LNG. BT HEED0%DWE, #9301
REHZ0 SRS 2. —FT, EHTLEE%
3) COERGBELNLZFT>TV2D. $4bL, 20
CEETIE, love(pete, pete) D & 9 %X (2) THINT
WEWERFEZHT A LA TH L. Lirl, K%
BICBWTIE, GRMEER o2 EOEFE R E LT
BY, EOIFRICHLTIEE L 2. SIUFER T
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HREZMET 2 EENLEVITEREOEBER b
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Dolphins are known to exhibit highly developed social interactions, and numerous
high advanced social behaviors have been observed in their school. We conducted a
variety of tasks to understand the cognitive abilities of beluga (Delphinapterus leucas).
Symmetry, a cognitive ability that is only present in a few nonhuman animals, was
tested in a male beluga ten years ago (1997). At that time, however, it was found that
the subject performed poorly. Here we report the results of our observations which set
about to determine whether cognitive mechanisms, such as symmetry, could be altered
or developed over a relatively long period of time (i.e. 10 years). We used the same
beluga that was used for the symmetry tests conducted 10 years previously. Using the
same procedures employed in the first test, the subject was observed to exhibit sym-
metry. Since the subject has been engaged in a variety of cognitive tasks other than
tests of symmetry over the past 10 years, it is proposed that these experiences have
positively influenced the development of symmetry in this animal.

Keywords: beluga (¥ T A V%) |, symmetry GF#1E) |, conditional discrimination
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1. FU&IC

— 2, NN VM (BUF, A VAR E R
BEROME» SR BRENEIEY, B aM%
AHLTWDIEIFASNRTWS (& 213 Norris &
Dohl, 1980; Pryor & Norris, 1991). Z®O#oH
TITBLTFHRMERER & o 7R T2 £ S F 204
SATHDATONTH Y, FRMEEK, iR 5
728\ 2Tl 2 OIIMATEI AR D K E N T W5 I LA
HIns.

ZD &9 a5 720 1T R EE R AN
TSR RCTHL EEZLNDD, TNETAN
HHEOEMBEREII OV TIE S T ST ITHFENTDN
T&7: (72& 213 Herman, 1980; Jerison, 1986; ¥
1, 2003, 2008). 7z, Ml S N7 FERERBET 720
THL, IESHACBWTH AITENC T 5 Bl

Formation of Symmetry in Beluga, by Tsukasa
Murayama, Yuki Fujii (Tokai University), Hiroshi
Katsumata, Kazutoshi Arai, and Makoto Soichi
(Kamogawa Sea World).

REBI TN TWD (28 21, Deecke, 2007;
Herzing, 2000). SNHEDZ &ML, [ IVAKENE
RN EZELTWA I ERH SN E LT
L. 2L, BEhofffRETciibnTnwb 8 8F
GHREERAS, DR OHIFEOW I R FEE IV A
HAHEBE L TWAEbho Thin.
AHFZETIE, FRAIBEHE D 7 A IRt 2 HE K
T 5 —HFTHHAIECHER L, He oMl
AT 22 LX) ZOFMEDEILT 2 D0
DWTC, EBRNRMGEE R A VHFHIZBITS
FBEFAGE B U CidAs il - B3 (1997) ASHREE
ZHoTHEY, WOV TR ERBI 2R
bNGhol-Z 2L Twa. LAL, 2ot
SRR E LTV SNRERIE, Z ok KR
CBWCHE (Ta—ar—332) ICX B HMR
KebeoliHL L, BHNEELZEST /87 4 —
RVA (Va-) FEINTwE, 2, ol
PHEICL B HHMAAREDE L LTHEZHOR
BRI - e - BRI, 2001), SetEtESR A F v
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1 BERLAHS a: 7147, b ids.

72b D& U CTHRBEER VRO 2 Fir L s S ¢
5 B ORI 5 FE (11, 2003; Murayama,
Kobayashi, & Ito, 2002) ##EE L T\ 5. F7-, &
%% 6 DORE (LF) D222 BVWTFEELH
5 6 DDOLTFERD R TS LRI
(BFE- AL i - BRI, 2002) D & 9 %, FRO
PR HERE - ZE T BAIZRIC DI NTE 61
SICHT AR E LTIE, AR ST LGS
% 79 5Bl (Murayama, Katsumata, Tijima,
Hayasaka, Arai, & Soichi, 2007) X 3 FHFH DK G
WZET gl 32980 rhbh, Wit
LB EE2%THILE, TOMMETHSL [ER
SN E IS Lo %2 #EIR] 52828
THEIZ 72 > TV (Murayama, Katsumata, Fujii,
Shimoda, Hashimoto, Arai, & Soichi, 2008). Z
DX HIZ, BERAIEATIL - BB (1997) B 5 AHF
8T 10 FHIHE 4 O RAEDEIZ L 2 75%
AFERAN T 2 REZ R L T b, £ 2 THME
8T, ZOF U Z A S LTI - 5L
(1997) L W UATOERZ FHEAT) T &I X D&
PYEDOTHRZOWTHE L, ATEIEIE & 20mae)) &
DHEIZOWTERT LI L L LT

FAE, BB 5 RARIZEO O o & LTI
PRI OV THA TR SN TS (72L& 211
I8, 1999). SEflik o ul 1313 2 OBy 0 A 1 2 i
ERBLTWSbDLEZ LN, FECEWICS
WTIEHERN % RIRO L Wt Frik 2B L Tl RER
EDITENEIE DS E DAL & D58 E KITL T
VB ZEHPIRBIN TS (72 & 213 Schusterman
& Kastak, 1998). ZZCTA VA ER L LX)
MYEOW R 2 EBRIICHGEES 5 2 & 1E, A VAR
FTHRAHBFEDDLFHWITBNTH, TOHAN
GRS b BN ER & v ) R & BEAE -

FHEDZALRFEE L OBEICOWTHH 2 —B &
0135,
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FEEREATIL - B (1997) DFF R HEILL THT -
72, EBRIIMIZ 2007 4E7TH2 AHMS TH 14 HT
H5bH.
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22 5%) LAk Bk LT, BERAEE S
TV B AAREEN DI (KK 4 m, Kk
17.0°C) I THT» 72, Z DBBRARIEARFSE & [ U5
AT bR MM S 2058 (Fhil - B33
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)RR TITbNTWA T+ —< Y & (¥ 3—)
ELTURORNRETEEM L2/ H IS L
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XN Tws (Eid (1. @EUtoic] B . 271,
1997 4E2 LARWIZEDO FEERHIR £ TOH W2, —
), AW & [ iR - BT - T,
B, EFEIITHON AT FEEBRICBER L
e WEEASEE ST WA, EERidg2ERI e
520wk, BEA»S 3 2 — MV E#ER
METHOREDIT) ZEH L RECHE ST
BWi oI EIZXY, ok E RS 2B
HOOTHZERT LI EDBVESIZL.

2.2 EBRY3FH
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X2 HWHENORMOER (a) LMD v FI2 L 28N (b).

L (BT, 74 &350, KRRRgE (T, <A
7 L) O 2 mEEA (K 1-a)

F72, WHROEPIZ L, RD 220055 % v/
INSORFITDONTIE, FAROEPIE A B
BRISEBEGZ 52200 EHL, FornRry—
(Matsuzawa, 1990) 22N I (Blough, 1982) O
123 L0V T, BWIZEUERNEEZ H5NS D
D (T, R) #BA. ELIZZEDILDOT VT 7Ry
FOTIZOWTIE, FREHIWCLTLETSS
LIZX YT E) LEER L EOEHT L AT
INEL BB EHICL, R EDHEUELS S SIS &
LEIOME L. B, BBKEIIIS DT ZH
- BRI (1997) 2BV T TIREL T 5.

FUE ERERAICER T HI12H 720, BRI
ToOXIIHEREN. ThbH, 30cm U, E
& 3mm OEHICHEDO S v T4 ¥ 7y — b %0
D, TOLICROOS T4 v 7= 5 1, R
Dt YHE, MY bory—ry &
L7z (X 1-b).

2.3 FHE &
FEERISAMERPREE LTIy, 72, &R
— T % IR S 72,

ETRFE 747y, ZLTEZFOH»N
Z =%y b ERAREE LTERT AEAICE, B
BRORNCEBRESME L, EREVTTENS %
Fb, BEAORICELHLTERLE (K 2-2).
—J, FNo YRR T & M E L CERT
AL, BRI AN 2B E L v X
I THAL Y = — Vo BIREE ISR RL 5 Oflid
hizy =5y beEB LT, BRL7A (K2-b). #
By, WATIBME RS, EREOROERELT O
SEAIEIT L7z S LBl d 5 b o— 2T s >
FLC, BT 2 LIS Nz &b, EBICHE
LT, EBRFZBRGETHOBESRZ RV
LI—INEERL, EBEOBRBCHBIADRIR
RHEL VIS ITLE.

ETIE SRR E 2 TRl R 1T o 72
39, AAHBELTTI4 v FRRETAZD 200
WEROWT NI EPEBRRICER L. FLTELE
Bk, HBOEE LT L, ROEFEEREEZ
HAWTERLAE 20kE, 74 VORRICHLT
L% TAZORERISHFLTIER Z@RLIE
XEZNEN[IEM] & LT, Wby (o &)
ZHZTHMILT A2 L e L IEMLAEAITIE,
WALT %5 2 2 BEDICKRORITICB 72, —h
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Mo 72 I 2 R L 223 A IR EEBRE I RAT A
D, 10 WHOFETHMELZ & 572,

FFELDICENEFN L1 DODLy YaryT[74
YOR] FRRF[RAZDHR] #RARELTERL
7. ZLT, ZNHICH L TEWIERRI G LN
5, 120ty yaryNT74 Y ERAZZREL
THARLLTERL. MEEZRE LIZOERY
o, SERMEIZS Y FAEL, kL T74
VORI [RAZDOAR] DEYYarEBRVWT, 1
tyvar2##TE L FREFROWRIIBIT
BIEMRA 2 £y ¥ g VHFET 0% L& 2o 72
L&, KMOFERKRTELL.

FTAM FRAMEYTard EEIIBE R SO0
HARHHEE Lz, $2bbERIFHEFAL [HA
e LT 2 o0Wtkowdnrz 2Rk, ik
HlE e LTt a2 w7 GRILEAT) 12
BET, 7u0—7R17L LTE0HMORT, Thb
LRERARELT L, ROVWTNrDRTEERLZE
2, TNEBRELTCHEBERIRE LT74 v xRS
ERIRT LT RIT o7z, F LTS ENENR
55 OWRERIRT 2007 B, Tu—7
HATOBALTEIZEHE, ThbbEBRESEDL S
ORIFEFIRL THHALT 25 2 Leh o7z
1ty ¥avid 20 #4747V, 209 gk
EL7u—7#TIE 3 1 0EAEL L. 7 A MIE
6ty vavirwe, afke LClbiiT 2 90 1T
Tu— TR 7% 30 AT To 7. Tu—TRITON
AL, L, ROLTERARME T2 7220 E
n1s#fTFoL L.

3. ¥ R

3.1 FZIE
MFORERERK 3 ITRT. 1,2y arT
FEREN 1137, TEATITY, [ 74 v oR] F
7k =27 0] ZRANHE LTERL, £h
FhABT 2 m 2 BRSE2. wihoty va
Y8 2 AT B F TIEEA O FLBORIEL A A BE 2 Bk
R B EDITEHRR LN 0D, 2k L TEL
Loty vardEWIEfR (Zh2Eh 82%, 86%)
BRL7Z:. 2T, 3y ya vk RAEL
TIAVERAIRZBAELTTI VT AICERLT.
ZORER, BRULWRIZ L > TIEMRIIL L%
Brdbo/-b00, ke LT 0%k IEZ
N& LE 2 ECIEFRHE X, BIURFIC D I

uANAIZBITBERBEDOR DN T 361

ARy, BRI Z2ET 5% EOTEE %o
2. EIOkyaryTlE74 Y, SAZOVWTIRO
SR LT 100%DIEREE 22 0, #IREOFT
BLREL TV, ZLTHE 10y a3 THH
KTHo7z0T, 2ty ¥ 3 vk LTk
T 5IEMEE 100%A 722 e s, 22 THRHID
FEINMEHRET L L

100 T o PR
0 ot TS AN
S STy
< 60 7
B -
x 0 i
20
0 T T T T T T T T T T 1
1 2 3 4 5 6 7 8 9 10
tyay
X 3 FHINBICBIT D IEHEOEAL.
BRI & U B 2 R T
3.2 X b

Tu—T7RITTIE, RAARME LT L AR
BEE 74 v%, REERLEGAIYAZ 28R
L7zt X2 ZFNENIEMEERL, TOEE%ILM#
(= RAITHE) x 100(%)) & LTRD 7.

ERREZRTHRDLE, 70— TEIT 30 RHiTH,
T4 Y ERIEIT AT EHDELEROIEMIT 20 R
7T, EMERII6T%Tho7z. 2HBELD, Zh
WARBISERLTWD LE X SNz (p < .05).

L Lahb&ty ¥ a V2B 2R Ko ER
ROITHZ AL, TTHE 1LYy a T, M
ERITIREE L TV 2 00 71— 73T TIATE)
BEBENT, PRRIELLMT CTHotz. T8
6ty varch, kAT Irob0D, T
O — 7@ TR Z 2R LT o En
720, BIRECIREMZET 2 (HDWILERL
) EOTEIAHIIE L. 22T, WHPIAT
BCAREESVRONZI NSO Y ¥ 3 VI
MHEBEAL, E2hroEs5 Yy aryETEAREY
htviarvkEz, Thoovyaryoksr
g & LT L 72,

Eo2MSES by ¥ a vy TIRAITHEAILRAIT 60
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AT, Tu—TET 20 AT EATo 2. TE—TR
FICBVTIE, L2574 VE&INT 2347, R»
LRV &@EIRT BT L blcEhEh 10 &A1
SEITIEM L, HbET 20 Rirrh 16 RITO LR
T, LA 80%TH -7z (K 4).
FLENDLYRAY, 74 v eRIRT AT ENE
N10RTToTH LA, 2WMEL Y, 10 RITIC
BOTHITE 2 2%z 55 BROEMEIT 80%
(p<.05)THY, ¥/, L, REdbbELAFOR
1% (20 347) 1ok LT3 A B2 BRI 70% T
H5 (K4 OWHMH) . KREBICBT 2 EMRITNT
NOYETH ZORBEOTEMEL D bRWHETSH S
D, PHRREERZFhoORERE (0F
1K) ZABISRIRL TV W) T ENTES, &
B, LT TR E LT 90 %DOBVIERES
R, fTEDRETRELTW 22 e s, Eid
FRPFEIHFF SN TV EZZ 505, Ulo
ZEhn, RERTIZI GRLEIT) o [Wars
T OB OMBETH S (750 5P oER]
DAL L7722 AR E T,

100

60

40

ERE (%)

20

L R 30
Fo—-FFA

HIEEAT

K4 FAMNEY Y3 VOIE@BE, Fu—75 &
P L, RIEERLZZARAFBE OG5 % 3%
T BRIAERRIEREELRT (p < .05).

4. £ =

4.1 Z2TIWOWT

FEIH LT, AW L W U AT 10 4400
WATb A - BRI (1997) & KT 2 &,
HE1ty v a rORTENPRR L7720, FEDZE
BIEHE £ TOFTEUTHEMI I TE 2wy, i
< & IBRMGE LM OIEMRERITITRE LENR S
2. bbb, M- SITW(1997) TIEIIEE LG
KRV VA BRI 20 A0 0 FLBORI % SREE I LR D 22
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EDATEHF LRV IEBHE D72 DIH LT,
ARHFEORE AL, IFZE BB L 721X CoDRITT
ETENSHASN- 00, EBMLotEy ¥ 3
UHRLREVIERETHR LTz 202 005
DHWIED 10 FHITIE S E DO FEBROHREITE - 72
ATODN TV ZRWIZE 2 0vb 5T, SRIOFFTIE
X CODSIERENEP-722 L1, T OBERKRIC
BWTH 10 ERTICHER S N7 AR - MRS
nTwzonrd Lz,

4.2 MFREDRKIL

FAMEYYarTlE, TU—=T7FALOE L H
LEE6 Yy YaryETORERENR L LLEMR
KERBTH, HHEIIRLL TV EFZHHET
Holz. LaL, &ty a rofTEIEELTA
HE, Bl Henkty Y a Y TITEHICALES
BRLN-ZEIZonwTIE, TTE 1Y a v
TR RBICER T — Tl fT e s -2 &
T, BB & o TEFIMORAT RLRAT) &
TANMMTORNERE KR EREN DS/ L
BR SN, BRI EROEX S 2 b b i
BIRT 2T HARLHRCE L olz0nd Lk
W, F72, 6ty a s IiCBLTUL, AWFgETIE
TU—T7 7 A MIEHEOHTRERB L7720, i
LT L DH VIR E RILRDOEMIE L/, 2
D1z, ety varyPUETIRTo—TRITICE
WTIRfEI i w) 2 e 2¥EHL-b oL
REN, ZTNVALE TN ONZ LA
ZOND. ZO XD BN S HE BRI OITE)
IZHEL, WSITATEIR ) AR E SO HID
by varEBRATAIEEL, BIRKRCLEL
THOBHoE 22086 £y ¥aryzBITox
BeEZL ZFLTINLDOEY Y a v iZBWTh
T —THTVBRCIERRE R L2 e 5, ik
PRI L 722 DS L e o7z

SRR, & EBR<E S OB THIEN %L
WM AR ST B (1L, 1999).
DAL NVAIIBNTD 10 SERNI Tb N2 TR
fTOEE W1l - BRI, 1997) TEFRME LKL
LCwhihozz (M5). Z2LT, Z0104EM, &
B 287 A M3 o7 fTb T
V. ZRUZR b 5 d, SN, W HEOBALAVR
BNz Lk, 2o 10 EHOBERAROITE)EE
DG LTWE I LR EING. &b, HIiL-&
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BEE — g BE-BF-33227-2Ya>0EEEKRDT

BIFIRX

MEENA T ZAMRICH T BT TEar 42589232 ED
NZ BN - NZRERTADL  XRBITERZELSDOAX 2 b

R 22514 —7vC. X

This commentary gave some additional findings and implications for “symmetrical
bias (or bidirectional relation)” from a viewpoint of Contextual Behavioral Science, in
particular, Relational Frame Theory and Acceptance and Commitment Therapy. The
given findings were related with a) the transformation of stimulus function through bidi-
rectional relation in persons with specific phobia or mental disorder, b) the emergence
or non-emergence of bidirectional relation influenced by baseline-training reversals or
protocols in matching-to-sample procedure, and c¢) the emergence or non-emergence of
bidirectional relation in infants or nonhuman subjects. Furthermore, the given impli-
cations were related with d) necessity of balancing between abduction and induction,
particularly identifying and cumulating the manipulable variables inductively, e) pre-
vention of confusing explanation with cause through symmetrical biases, and f) clarifi-
cation of own ”purpose and value”, in pursuing symmetry bias or bidirectional relation
as one of most fundamental processes in human cognition.

Keywords: symmetry (F#E) , abduction (7742 ¥ a3 ~) , induction (4 ¥ ¥ 2 ¥ =
v J@#) | Contextual Behavioral Science CCIRAYFTEIENS) | Functional Contextualism
(FERERUSCIRE2%) |, Relational Frame Theory; RFT (B4R 7 L — A #5) | Acceptance

and Commitment Therapy; ACT (7277 % YA & AIv bA V- 2FE—)

1. (U BIC

REFSEIE, WFEOBOTIC, M (SR
W, BUSRMHHR, ROsgatc 2 PEY 7 %
Ei; WE - B, 2008; ikEB, 2008) , FikFE (W
% - R - W4k, 2008; 1ERE, 2008), & b ORI
A (e MDA OEREE OLEICHET S PEY 2
arte; A - AR JIE), 2008; AL - BEH: - 5 -
sk - #—, 2008; Oaksford, 2008; Sidman, 2008;
KK, 2008; 1L - /NI - AZE, 2008) , Hi i L
(WPIF - IR, 2008) &\ o 725 I AR A IS 2 i
L. e MORBANCEST L2 ) 74 ANVGEFEZYS
ML &) L) FBENZRRATHSL. ZOL) %
FEVHEND Z &3, LHEFEZEAGL - Zhk
What is a Best Balance between Abduction and In-
duction in Pursuing Symmetry Bias?: A Commen-
tary from a Viewpoint of Contextual Behavioral Sci-

ence, by Takashi Muto (Ritsumeikan University) and
Steven C. Hayes (University of Nevada, Reno).

ftL, ThickoTHEDII 2= — 3 VI
WIC D OO0HLBIRCH- T, FHITHELI L
THY, BLFHEENEREZLTH 5.
Kaxy sy —ig, [RHEE (B2
A7 A) ) BT 2 BARHEM IO 5% ORR & 5
WA IGE, EHONY CURMATERE) 25
RETE DML, ZFNITHT MM 2
ZEMAORKEHNE T .

2. XAREITEIRIZ & (3T H ?

9, FHOMIENILY 2 M B 2», 20
VHHE [ORATEIRMF ] (Contextual Behavioral
Science) EMHINBHDTH 5. Zhid, LEFW
7 (I, HAEBODHO) P A7 2L HY
ELTC, FMARIET LI EICHENILLIA V52
TATRANTTIV—DI & Thb (Hayes, Levin,
Plumb, Boulanger, & Pistorello, in press). € ®
ZNZT7V—Id, BEOHMOZDIZ, fEROFT
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B 5#4T4* (Behavior Analysis) DA b7 7 ¥ — %L
R-KRL7Z2DDOTHS. 2T, BN 7 RBE
(COFERBEES ML TS NEHF STV
EEBICHEB LN T VERICLT, o
A TFREZHETLIEEASINS. OF
N, ZOA T 7V —THRIAIINTVWEDIE, H¥
Mz Eide, BRI, LI 2o % CHlER, X
NEBFHE & O, € L TZOFHi & OMGEE
GATE, SRR LVARVOMRET 0T T KEKEL
FRFICHE S S5 2 L THAH (Hayes, Barlow, &
Nelson-Gray, 1999).

SRAATENEE O TED AR & 1L, Hefe
MR F25% (functional contextualism) & IFENL5
b DTH 5 (Hayes, 1993; i, 2006, Chapter 1).
COWEMNIE, TR T4 XAAEEbAR
WMOFIME LTS, £LT, €OV TIE, O
HEASH R ETLHG T [HRRDAE S & 5 ik
WZeiia &, ZORELRM - RIWITBLE & -3k
LOMENH (A 5527vay)] ELTHRRS.
é%u,%@bﬁ%%&%&@%ﬂkﬂﬁ(%@)

WHEIZT A X ZEREFE LT v

‘—W%rﬁﬁlbfw LR L, BERERSC
MRFF1, BEm 2 (mechanlsm) EHEBLTWwS
OO, L ZEE - ERRWEN R FHE TV
OfEEE HIg S v, — RN EITE 21, #Hy
Mz ENTIE %R, LN BN EHER
HIZHEL LI LT EDOTHS.

BtR 7 L — 2 B
Hayes, Barnes-Holmes, & Roche, 2001; LT,
RFT £ §%) Lid, & FOFHESCEME SHENIT
2 WEEE LT (BREWRED E LTTIER) #

GHMLTW ZEZHWE LA Y5 I T 4T
TG - Y 2 5 (analytic abstractive the-
ory) DT L THh5H. ZOMWGIL, AN TRERE
IZHEDWT WAz, KELHEN D 5 W IFFBET
w%%@tb@ﬂ #CTid %\ (Hayes, 1998). X5
2, TOHETIE, RET S THE-RE] HoR
Rk, 8 ﬂtﬁ@bf‘db VR AR P N i frde b
L7 b efioTwab. LT, 20 [HIE-RE H
DR, FEoRBEOBEREICIEE ST, R
EDOXNRT T, EEOMHEHICESIhE 7L —
AELTHEET S LIRS, TDL) AN
YT MEEALTE FOFHERPBMEREEL T
{DOTH5.

(Relational Frame Theory;

TTFrvareA ¥ aryORXD-NT VR L]0 483

77275 A& AIYMAY M- ETE—
(Acceptance & Commitment Therapy; Hayes,
Strosahl, & Wilson, 1999; LL'F, ACT (72 b)
£9%) Lid, RFT OXEBEREOMAZ M - i
B L THAESNALEREDZ L ThH S, ACT 3,
% O - ATEY % B ORI OB JE Rk
1% (psychological inflexibility) 2% 5 & LT, [f&
BRI R4 H 4 AR 7y —HEERMHRHL
ZhzyE LT, 2L T, 200LHAMIERK
PEAELSELEBEDN, L MOFHEOHHE SN
5 -] Bo DRO7IEE (bidirectionality) J
(REFSED [RFMEE AN 7 2] LIZIZFFELEZ T
W) ZHBEVIRAHRICI o TWwA. F72, ACT
R 2B TREOSy r—Y TR, 1L
L CRMRE - EREOEDE(EETVE LTOR
BBEZfFoTwad. IRATE) 2bIE, ACT3/¥Y
I/ I2B1F 5 OS (Operating System) (ZHH249 %
(Muto, 2008).

DED X512, STRATEIR £ 13, BRSOk
E%,RNIACT&#&%LE%LTwéﬁ%K
TRNVERGLIZODTHEEFT>THLIWVIES
I. 2%, BREHETIEX, ZOXRMATEIFIEE W
I FEEE, AT L SRR LR CTH L LS
5. L, 4%, LU SURMITEIE S
BF23Ivvarokoll, WRoOKERE EOM
T, WERDITBGHTEL I REDAY Y ARRD
L1274 57255 (Hayes et al., in press)?).

3. EREROEER - DEEFEAICH T 50T
1T X
ZIZTIE, 2 THRLA & D BRIFERSH S
RN T AT B BUEEZ R LT Z & EL
VAN

3.1 HEMLFIOERICHDXHMENLT X
AL, AL 7 AT ERY T4 T
PE BRI ERIEEAETHo72 L, 2
CTIEATTA TR ZBRDLZ LT L2, £
T, TOHENRPZZT LS. Zofl&id [#i
T HFTHL. ZOFEMHIT, BEMATDNIE
E%@%®“ﬁ%é&ﬁﬁmﬂ?%ﬁﬁ¢u,%%
IR, R OFIEBINE 2T 725512
ﬁbf,ﬁﬁ%@%ﬁ@%ﬁ&f%%wtﬁ%%i

1) INHOFMIC>WTIE, RIE (2006) & B\ 7272
EYNN
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¥, HAZWE L. 2L C, ZoMENEIESE
x5 [BREATA] (04725 & LB
FENZEVI bOTH LY. »e, [BAaT] #
BRI 2 EDEEITENI YT Dh . MENA T
AL OMBTEZ TRV, 722X [N
1wy \e THRERETY] LXLET5 (T4
NF ) (p) B oIE, REHIY (¢) THEH])
L&D, —F, FKildhic [HRERBEY] T4
INF ) | B NIO LT &R L 72T
Ehwv., ZLC FREVKLIL2BEINZD
b, ZOX) LXFHNHEE R (DF D, WY
Wi, LD THREHEY (¢) =61, ANy -
V7 (p) THhHAH] Eiduebewv). LrL, Bzb
W, lE, ThERERL LTI RAR SRV, £
KDOWG, ZOLFHE [ANF ) 2] L) A
MEFEMRbDEARRZLTLEIDTHL. Th
AXFRENA T AL BBDTHEEFR L. &
LT, BAZebid TANY - ] & [HREHY]
RN EE L EMA DL LTALZT 20, HL
WIIRIZH 5 A OZRIAE IR E S &
T, FEEMIC (Ba2BERTIERL) 20N
WHEZBADITIZT S L EEMEERE RO
DTH5BH. HARWIZIE, 2059 RSM0RRICL -
T, FREE LT 2 HE USRS RERLAY, #K
WEPNIX T BT E W ITAETE X URIC
WoeShp 2l bibd, ZOX)%B%%E RFT T
3 HREERE DR | (transformation of stimulus
function) &£ §9 (Hayes, et al., 2001; i, 2006,
Chapter 2; Ramnerd & Torneke, 2008, Chapter
7, ik, 2008 2 BM)%). K512, Tk % [HH
FTLATHER Y R UBRBESNIE, EOIRERD
HkNL0Z, BBOHAZLTLE) &)
BEHEIIAES B TES. Z0X5%2HL% ACT
TiE [BRD Ik ] (experiential avoidance) & &
9 (Hayes et al., 1999; iXJ, 2006, Chapter 4, 5
A B)Y.

2) TO L) HREERY LIPS 2 LICERKEE R
A2HdbwahrdLhizwv. LaL, OB LIF7
DIF, WHHEOHICH BT HFEN 2 HROTITD
GENTVD EWY) TEGE] 2WRT5720TH5S.
T/, ZOFMEREY L2 LT B OB R,
HAFATHITOWT EETHEHEZRL 72D 0. K
FLTHRWTWSER, HEL2HESTLN, HEZTOA
Kzodbobforoniz] &L, LMo 2
%10 H, AT 3 4F GRIN - X 10 H) 25V
LTw5% (http://kyushu.yomiuri.co.jp/news-spe/
muzai/mu_08031801.htm).
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3.2 BREEICH T BN T X

WIZ, BRCEZN 2 E LT, HRE O ZH)
%5 X 9 (Jones & Friman, 1999). 7 74 =~
M 14 FOBFEETH 72 il R, o+
O¥, Sy YAy, 7ERDL - EDEENTH-
72) ZRICLZZEERDBAA, HEICHPVL R
LINBWEMERLTLE ) 2T, MmICTIE
Wl BB EWVWHIREBICH 7. ZD0, FHkE
»H [R4 7, BEZONOTIZHIWEE! ] &
S, 2orbNLZENLIELIETH-7 (F
IEDLNBLEIL, WHRFEZENTW) . F0H
BICi, FEBRIZ, ZORBRMETEAX N5
72012, HEREBEZFEMEOZRTEREE L, MuE
Bz [RofFFE] TROGAEOEM] TRORLE] O
3EMAELT, BB CToBRTRERR L. £
OFER, [ROFLEDOER] FHICBWTH [HOLfF
] FMERSEO LNV E TEITEIE DAL &
Whotz. 2F0, 754 M, ROFEKRER
DL ESME AR LTV LIRS, LAL,
FEBIZIE [atuF] twiyliz [2BAE] Lwn
SHHTIES ([a4+0F (p) oI, TBAE ()
THhHb]) LLTH, [TBAX] v HHllEss
[aFuF] Lv) HOFEEKEFIZTVET LIZR
5w (0F ), WA, LTLY [2BAX
() 251E, I+UF (p) TH2] Lk bk
BETHhs 0F Y, LoHEH LR, dFE
WA TADPEH LTV EZO5NA5.

EHIC, RAMORTYH, ZRAHFRTHS L 3N

Dhb, 72 2—FELHICLZ E 257 TH R
Fle LT T 2 iEd ZELONE (285
X(p) 2bi, W (g ThaH] o [T/vuny
A (r) B, B (q) THEHI HBH, IBAHELT
J=uafy AL, MEWHIFRES IR L LTHED
DOLALREINIWHEED DL ([TBAE (p) &
L1, 7/aAV R (r) ThHA] o [T /30
3) HIFAERE BRI & 1%, HERDITEI AT FIZ B 5 HE%
WAL L Z R A2 7 A THERT 2TEHOHEADOZ & T
HDH. FOREBEORE 7O 2%, ALHIIRT @
D Thb T2, ZOTOLAIX > THWTREZ B
AL LT, THEOEEZ MEO NITBRPsNns] &
WITEEBICLCRPURZ R 2720, 1100 HHAHY &
SHONTHY Z T 7KBE OB LI v Chif
FEHIELZ] PRICH I FBHLLET S o7
TTHDPERLNS.
4) REEOEE L X, BHINICIATEINAREE 25120
2b o3, HOoKE (BF, &E, @Eke) 2N
THLTOLADZ ETHDH. ZOWMNTat AL, AL
HIZRTE) TH 5.
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AR (r) BbiE, TBAHE (p) THDH]) . bL,
Z D &) BRMEARAETIUL, ZIUITIIER
" (symmetrical transitivity; X#PE & HERBEAH
AREDESNIZIREBBOZ L) NATADELS
LB, Fz, DX BNA T AT X BT
FRIZEED W TRIBARRE DRI A U 2 1T HEME D % 2
51 % (Hayes, Brownstein, Devany, Kohlenberg,
& Shelby, 1987).

3.3 NZyIVERICEIIHHENI TR
WIZ, ORGP REIL LT, N2y 7k
EOHH BT TA LD (R, 2006, Chapter 4).
742y ME30REHEORETHo72. 34 H
R s=y 5% 3RS L, 14 HPRiL D&
HEMH L COBPMPTERLL o720 EHIT, 2
ERNIZ SRS, BIEPELLZOTERVDREVY)
REDT=DIZ, NBARHAZENZRZEZMIZED AR
Wil otz Tz, BERILR—F —DW{4%
TLETHZZTTY, ABPRETL L)%
7o, 1SERIRNCIE, St cE < k>TLEo
7z, WMETERCIE (AR (B) A E#z T
LEo726, (B BELTLEHITENR W] &
L7z, B [EDLIICRECL->TLEID
BHSDA Y FHEMBIZE BB DTERZVY] &%
A TWHREREITT 4 TIRIZTLEIDOERTESLE
ALY EHHLTwSE] EFFLT.

COHEFITIX, BTN T APEHAE LTS
D, ENHPHEVICEHEICA Y P —27bEhTw3
(DA v b7 =27 2 BB KE O E L
HF I TW27EL, Bl owWTiE, )k (2006,
Chapter 4) &I h7zv) . 2612, kit
YNV BREMEICET A B IR w2 )
T4 HIVERHKERNA T ABEET S, DTS, #h
WKELTHPLTWL ZEiZLzwv. ZoHfEw A
T A% ACT Ti& [[FEkz] LHEEOT V2 v
5| LA TS (Hayes et al., 1999; i, 2006,
Chapter 4). ZOHfEamid [HE - &K - 4% (0 F
DD, wbwa [W]) HcEiuL, v
MZBT BTB EOREIFRTEX D755 ] v
IBOTHBH. oML, bed e [FRNDHIE
TENE, MEIIRRTES7259 ] L) —ity
BHFWMERI DT V2 Y OERTH L. bbb
Hh, TO—RGERFENT Vo v FITIEREIE R
Vo LA L, ZOERBRICHE DS, FLT,

TTFrvareA ¥ aryORXD-NT VR L]0 485

ZOMIBIZIZ, DTO X Rt 4 7 2558
BELTwatEzohs, 2F), [XHPEKNTH
% (p) %51, X ARERAEOHETH S (¢)] 11,
BFLS [X BSHEBEOBBTH S (q) % 51,
XPEETHS (p)] £idnsbzw FEERZ2FERE
BT L VIS TRA) . FLT, kM
BUI2TH LOME B E LTHhIFONs DIk
MMEE - BE] i, BE - R - w72
B L) Zdod%w (22T, RIS [HEHA
RANAT AL LIFATEL) . L, 20kH%
N2 b DL, HRLBHETHLITEER . 48
b, TNSEIHIL LD EWIEIE, B
ERNRI R AT B A 2T, BIIMICIEERE 2 b o
LD GER, VNV RFT5) ZENERMIZY
BRWICHREINTW S5 TH S (e.g., Wagner
& Zanakos, 1994).

U ED X ) THF ] CHEOT Vv 5 e
WO R ANA T A, i B R E R o T
Tz I, RN A T A EBHEAR NN T AD
HMAEGDLENLZ LI STRYT S, L2L, £
DTV x Y FIifo A ATENE, B RERET
Hb. TORO, 79547 M, HFSBEBHTIHL
PR 20 WG 2 22 A%, ZHUSHL L & 9 & By
BN LTWBIZE b5, FOBIDRERN
2 MEBRomgE ] (Lko [Has] FCHT 5
HHEZR) LI ERERAEABL, 512
Mz —BORETHRFSE S, H5VITHHEAL -
ELXE5Z kb, EiROFFATH Wz
HFA4TIWHRATLEIDETELLE IR L) &
HHLTw5E] 2L, T8 LoMEO—ick -
TLEoTwi [#a7] o7 ey —T%
Z25hE, TOLH)BIRMIZZ T4 L7 MAEEH L
BRBO—ANEECHLTVWAERZDHIENT
&%, %o, [KBoDEE] 24T S8 5K
ERELTVWBDWE, abhr Iy FEEE
PHThH5 ([EHRT] FHTIIEIHZ DRI
EEYDHLTHTWAR) . Lard, 754V bR
Ni&, L OYE, 20X HER % EMERICH-
TWEILICEHELRDTHS.

3.4 XERMENA T RIS BRIEFE

RN 7T ABEKIE, RYTFATHRIDOTH
AHTATHIDOTH R, FIITHEL 500
ITEI) INTHLIBE R, MICE2IE, £
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W3, RO747%b0%5|& LAY, 2074
ThIOEFIEMLENTHILDOTES [FHND
] DOTHDH. ZO720H, T TORGHEER,
CONATAD [FH] FEERBELTHLZ I
%5,

T, VUV RREMIEICK T AR HE X
TWZ 9. ZoxinhdE, YHEOMMIHT 5
BEEB L OSERICOERZRK - 25 L
(Dougher, Auguston, Markman, Greenway &
Waulfert, 1994), #BEREOAMEZEITL, S 51248
BB 2D B VIZZFDEREZHENSELZET
» % (King, 1993). Z LT, ML 721, 158
UV VWAL vl e WY 13 A ¥ 3 e et o
L5, ko i DFB] (Jones & Friman,
1999) Tld, BT s AR—Y v — L EE®H
AEDEDL (ZOTHEICETNLFEBREE, 1T
B3 AT TIPSO (counter-conditioning) & I
ATWVS) ZLT, ZOYFELRATV . BRI
LI AR=Tr—bi, BMiOWNEL LTS
FIBAZ0E LT, B L ~OL AR N B B V2P
BT HETHS. ZoHPITIE, I+HaFo
A7z M T%h 1B L) LRVBESIRD
T, BT FaFEMFIC 20 BHFOL WD
LANWICE S § CHEMS NIz EOME, SRARE
BREBELSD [HLOTIRAEWEE | LI E
FERIBICRH L TR B 2L xR ko7, DED,
[H] &S FEBlE e Lg%
FEhi L CThnZ &, BN T AL 2%
fili BRI 2D W TR RE Ol s A U2 & B 2
9. 2F D, AAHD, AAKTD, WM A
T A, BLOZENIC X 2RI O SMRItR % FIUH L
TWAHIEIZELYIERV. HUZ, TWEERE % 2
TATHRBONPSL=a— b I VG ONLEHEE
B ERV. WETE FHE RS R S
T4 7% b ONEEIRT B EREIEH L TET 5
Z el A,

ZNTIE, ¥ ¥ TV GBMRETIE R WHEITIE,
EDOXHITHBT I WES ) B ACT Tli,
[Fhhz ] DHEEOT Vv FEw ) w47
ANHBIRBNA T ATHY, ZNHAEIIIEAHE
WThbrIL2 s IA T MCHESELEDAS
PHRIBEENS, FLTC, ZOHRLBEBAENE
T DL VIRHENL T A% [NATATH
5] LHESE, KESETWL., ACT TIE, Z
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DXL 7T A BEROBRTFHE % (BT 2—
¥ a v (defusion) &IFATV:% (Hayes, Luoma,
Bond, Masuda, & Lillis, 2006; #J#, 2006, Chap-
ter 6, 7). —RMWLGEBRZHVLLL [ZEidd
[Z 2] I ER ] &) T & 2RI B#
SELTMEEERDL (BAERMRTHRIIZONVT
X, MAOHIROEE I, HEITWAZL #F
MIZDWTIE, Hayes & Smith (2005) &M &
N7z o S5, W% S O % BLH A K
NA T AR S, BER S 5 Vi3 T R
(if...then) 734 7 A (& - At (JIIE), 2008) %
BRE 5. MZFORRTHSE [RELTO
HCJ (self-as-context), HEDFHE&IX [4, 2
DOWFH & OFfl] (contact with present moment)
EIFIEN TV % (Hayes et al., 2006; E#, 2006,
Chapter 7). LT, CZEFTOFHREEI I/ T
YMIPLOERRTECERR L L, [FETASD
72 HL7-2 23] OMFICRRENFAL | REZE
LEE2bDEEZ57259. —7, [ER»HI#ET
gL, MEIFRRTES7259 ] L) —ik
BANMERIO T ¥ = v FHRIE, AR

LT EIEDY IRV, £D72H, ACT T,
DT V=Y TVENMIAERET B [ &Mk ZPEICL
Tw. 2%0), SR BRRERISEEZ 5 AT,
B EORMEZ R L T AR RESE 0T
H5 (FEMIZOWTIE, FHBkIZ, Hayes & Smith
(2005) A shzv). PEZzFLdb L, ACT
T, WAL T AZDOLD, &5\ IEKHREN
AT A HIRET BN A T AR A - RS
TONA T ADEY BRI Tjik % £ T - TRAE
SNTbfeA GEERE T B L THFE SE TV D
Thb. TOMFERIR, HiDPRNRLOTIER
, BHOMMMEIZI LTI LI o THD B LAT
bihn TEIHETIE [HEEO®EMIZE S ML —
= 7| (multiple-exemplar training) & ’:1ZN T
%, Stokes & Baer, 1977) .

4. A>59 7« TR

S IE] DB 20 A OB AE [ PR ER AN B
s, bivbh NEIZHEOM%, i 332=
r—a VEENOREEEL ko TwA ] (IREB, 2008,
p.425) LW TTF I arhbb bbAA, £
DEIBRTTE 7T a VIZIIER - AERNKEEEA D
D, BHEENRROMBITIER PSRN, LA L
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FRICIEMBENRENLTE IR 2 2 ENTIE
HBHBW. FDO, TOT TV Y a IIHAEN
2 (BHBHVIHBTEMID) & F N5 TR & HaE LG
LTwl (2%, A F 2 vay /@) LB
Hr1EHH. FIZT, UTIL, FHEOWENY
PORBTELMEMAERMEL, 1577147
Gt A L 72w,

4.1 FEILBWBTTEI a1 4923
PEas?
EBROWGIEEICE LRI, ARCBTAT T
ryavkAvE sy a v OEREHRLTEI).
— iz, e hodEdE, WHINC, T4 ¥ s v a
v (), Ay ey W), 7Y Vs
YO IHHEMMEET AL Ebh TS, Lal, A

BT, Ay rvaver 7y rvarksey

7 avEiDNRTRAITYWS, 2%, A V¥7
vaverTy a3 (T4 ¥y arT
BV #ERLTWS. €L, A V52
vaveTrITyrsvavd, FoltwmeTAIHA,
Bl LD BN GFLZFIRE LTITDNDE 55
ThHa.

WIS, KR TOAL v Frvarer758rvay
DR, BIOERECOWTHEIZHB LT,
722 E T IR RpLHBL2OERT [E))]
EWHEREZ DOV 2] L WIS (ZORERM
HEBMICOVWTIZ, S TRERAMICTSELT),
COWRIIT T a v ThA LhL, TOH
HORERTIZ, BEORHOE  OFRITH L TH
ThHhEPIAATHSL (bBAHA, TT¥ I vay
i, 20k hfftmEr#FTbOTHS) . £IT,
COWFE TWE a1 ZHEZNP>TET TS
LV BRI RL AVICHEE LIAAT, B4n
Wik, HH0IENFA—F (2L 21T B, HE
HE) BEZT, KbATy 7121 DOKEFL
TV ZEDTRETH B, 2FY, A ¥ Fray
DOXNRICHE L LAAT, BARNZRMERIFE 25—
RBAEEHZE) 55 (HDVIEZORFICH
TLEEEOMHEY RIFXH)&55) ZLIdWHET
& % (Hayes & Plumb, 2007). 2 %09, 7757
Parveid, [y TEARPL OB TETT
% (a)l, [ENERET S L (a) DFERDFHITE
5] EWVITHRE R [ENIFETS] LV IHfl
WrELLDTHL. —H, ARTOL V5 sV a

FTIE a4 ¥ aryDNRAL - NT VR EIMTH 487

vi, BEhkwofirrBevasz e [V vT
(a1) WAL SIEICHD»>THEFTL], [3h
(a2) X AR SIS > THETT L] - [F
(an) AP SIWFEICHDP>THETT L] L VIRl
() 2 [3TO Wik (a,) I
o THETFTTLH] LVIHREZELDDOTHS. &
HI, EHEVHIFAEERELT [T (b) &
N LHHINCTC, HEIPRELZ S 7]
Vo 2ERRER EEMOFEEZRFARRTNL S
LT S oBEHEES EMFEI TR,
PP HEESPREDSIAET S| L v FEE T
QewIAL v ¥ rva v bWiETH LY. DL,
AR BTBEAVF a7 Ty arnE
B OBIUHENETHD, ZTROEIIDOL) BEER
THEHEINTVWEZ EIZHEIN W,

4.2 [if...then| &EFREIM

FNTE, DA V70T 4 TG EEN LB
T (HBVEIHER) Ny 7 ERVWLORBIFL S
LELwv, 7, KEOERLEFER L TP
WA U7z 5623, BRI % & A 72 Tif.. then] R
EWFRIME R & v Tif. then | R 2 FANCIKD
CENTEDLDEAI D, LWVHIRHTHo2. b
5 A, Il (2008) A7k (2008) A3EH L T
5 X912, & FUAOBIPIIRFREAAL LIZ v
V) DI, FERBIEEDE b & FUAOE)
WL TIEFEBRRILE U THRREICIH — Tl vihrd
L enw/z®, TORKIITH LR 2 FEROT —T 4
T7 7 PTHLURMEIEZ OGNS, ZOMRIET
LZHEEEEETH L LEZ OND.

LarL, Ehbibiz, e 2qr i & ek
FEHEIhVERORERE, 2520 T8 &b
DELT ITHHE] ) FZOTIT—HE) IHR
LH0%DEAID. HEHVIE THEFOHERE] Lw
IEBEARD,  MFEONAL T ALDESL ) H
(Hayes, 1992). A7 < & &, BN TIE, R
EWVIHLDICHBEMIC R DL ELNDH Y, EBRTHEE
ZEAZTOLISHICERMEE VI ERZ ED LD
ICHHI L T ) L% EZ LUERH L L
SZ251E59.

5) SNEA VY F 7 aryTiERL, TA¥rvario
TRAEVWPEEZD T WEESH. LiL, 20X
BlzbhEZTLE) DX, Tl L v ) HassifE, —
Bl e LTo [Hfr] 2/ <, ZhAETh s & H
AONTPHITEE R
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4.3 XIFRE & FME

4.3.1 XFMHEIIHFR D ?

Sidman 12 & 2 %fif4/¥5 ¥ 4 & (Sidman, 1994,
2008) T, RPN & SEAMiE & TIRBEICRRIS M
T2 (Zoficd, R, HRMEE V) ops
H5). F£72, Kk (2008) TN INTWE LI,
b &b EDOSEMMEFRIHED THRIH - HH R A
Gtk 1 DIEFER LA, M, SRR, i
B, EMitkDs, HBnasr L Chittie i <20
5 L) ZEPIRENTE 7z (Pilgrim, Chambers,
& Galizio, 1995; Pilgrim & Galizio, 1990, 1995;
Roche, Barnes, & Smeets, 1997; Saunders, Saun-
ders, Kirby, & Spradlin, 1988; Spradlin, Cotter,
& Baxley, 1973, Experiment 3). $§#12, L EoO#F
JEEIILTIE, X ASHE R o0 28 B OB S RS
FTHZEPIMLOREINTE. LaL, &
EBRGENREBNR L 2 ST SFITEBELTHE
BRERYELEBL TS, ThZNOBMREIZE
NS R ICHBURICROR L2 EAVRE Nz o F
0, KFRUEZZT AR 2 BIAREE Tld v & v S g
HRATRENI2DTH S (Smeets, Barnes-Holmes,
Akpinar, & Barnes-Holmes, 2003). Z® & 9 %41
RORXSO &I LT, 2o [HE -] B
REZE 1 D2 ETETE LV ERFRT I L%,
Ogawa, Yamazaki, Ueno, Cheng, & Iriki (2007)
TEI L7z &9 % MRI IC X 2 RGBT se = 21
LTEBRT LA THLEEZOND. o
5, ¥EOMMBIL, Lok) hERFEENATY
LONEWHEIZTLIENTELLEEZLNLT
»H5.

72, Sidman (1994, 2008) 23 EHkT 5, X#Rk
BT A b o [HE] ICBIRT ML B %
TRAMGEL X9 & L720F5eiE, 1Lkl (2008) 3
BT 5EH12, F4HP LTS, HETE, &
NS DB B TR . L7z & v ) 3
HiE, ALl (2008) DfiLiZ, Garcia & Benjumea
(2006) DA TH 2. ZORFETIE, N FEFRIC
LT, RAMBIIN§ 5 bbbz S 725512
D&, NSRRI N, 2220, BSsbE i
Sl L723E1013, 2 O g RIS L Ot
P L72E3A BRI EVEVI THdH D (eg.,
Sidman, 2000). ZD7z®, 5#Hb [Zd bk
PR 2 FBARAE R D] &) KGE - HawidT ]
EfMELINTVWZ LIRSS,
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4.3.2 XIFAE GIFRRVHERSME) LBREERMVE—HR

BRI (2008) & FRF - &R (2008) TIX, 22001
OWEBOMWEEIMHZ TVWDE I L 2RI, Zh
LEF—DbDEARGT EV)BIENFE—HOH
s, MEKIELFEZTTIERL, F0L) 2E
ERFLZOAIBW TR IR L LTV,
ZO XD lkFENE BT L 5 [FEE] BoHL
RO EFB L2350, v bSO
ZBWTbEALONE (GERL7-XH 1, b ko
FhREZERMLZBHEORATHS). £hiL, &
PR RRREIC BT, AR BEEL,
BRI Oy M % 15& 9 % many-to-one (LT,
MTO L5 %) EMHENS 70 k2L (B-A, C-A,
D-A, E-A) A L CAM L 72356 &, RAHE
Z1o72FEL, HBH#MoOYy FEEEAETS
one-to-many (BL'F, OTM &9 3%) &IifHidh s 7w
R 2L (A-B, A-C, A-D, A-E) % Ll L 72
Yoty 5 &, IRAET BRI IE, MTO
T b AVTIHBLIZBEOHBELRTnE NS
AR A 5 (Hall, Ray, & Bonardi, 1993; Urcuioli,
Zentall, & DeMarse, 1995). Z® MTO 7 u +
Vi, BRFEME - EREREPEBUL TS L
ZEZoNb7:0, BFENE—HOWERIZHE T 287
ZRELTWLRIS, MO0 5- 25 250%
Lz, 72720, e beReLT, 20O MTO
& OTM DEWIZ LT, WM, SRR
TRAED IR B GV ) HIRE, MTO OJiak
LT VeV AR (Bearns, 1994; Hove, 2003;
Saunders, Saunders, Williams, & Spradlin, 1993;
Saunders, Wechter, & Spradlin, 1988, Spradlin
& Saunders, 1986), OTM DO F AR LR &
W) IR (Arntzen & Holth, 1997), ZEE 7% { M
EBEHRT B L v ) AN (Arntzen & Holth, 2000;
Smeets & Barnes-Homes, 2005) %% 1), #—1%
WA RO EFTICRE-sTwiw, 5%, S5I1CH
MOHSEICE T 237 X =5 — ol 21T o 72 b
T, TOEREZWH LT LERH L7259,

4.4 Tt EEFE

t b DGE, TRESEZO P, SHEFEZD
Hl v v, B 2 BEN 2R A DR
EEMGET 5 L TORSA LB L720, BED
W, WMICERD S SN TOLHIHTHD FEL
<&, 1EHE, 2008) . $§1Z, Horne & Lowe (1996)
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DA— 3 Y HEL, COHERNLNEE (0F
D [E8 (A—3Iv7) PETH5]), ZoOlw

WCEZ B UEMEDE. 20720, EE, oI
XoT, BHOMEmE T 5 & O 2WFsE R
BHERE N5 £ 9 12% > 72 (Horne, Hughes, &
Lowe, 2006; Horne, Lowe, & Randle, 2004; Lowe,
Horne, Harris, & Randle, 2002; Lowe, Horne, &
Hughes, 2005). 2% ), HEFLFELFOWME O
TTE L /3=t — %G LT &b IR
Bz Et) BRsN, —J, FHLFOTEIL S
MY — 2R L T U IR A
SNBVEVIHRTHS. LaL, RFT 0@

it HBOBPICLIL P L—= 71280,
FLTFOITEI L S— 1) =R SRR T, &
FRERSFMIE DAL T RETH B (0 F ) DRFk
BETHL]) LEZOND. ZL T, FEBIZ, 157
H24 HOALR 1 42 dRICLT, RFTICLS 1
FLOARFLATFEERIY\MGE & 172 (Luciano, Becerra,
& Valverde, 2007). Z DR, Ui OIH % L
T EEREBRIDTHS.

bEAA, FAMOERIS HIZHLETIED LD,
RFT 12 & % [#MEE H# B0 h TEEITE
BEINTEZLDTHAH] L) FRPIEL VDD
&) BRI Bk, 2008) 121 BEBAI9ICIE) B2 5
\_r‘:ﬁ‘fgé&ﬁﬁif IE-5TwW5. LML, RFT

12X % [Hil#a LW b OMIC aRb &5 il
FRASHEAL L7z, bR’a &\ ) BIRASIRAE L7256
2, BFLL RAPR D TREL] &) BRET
HHVFRZR] L) FRFIEL VO &) &
M (&7, 2008) 1% % 5729121, Luciano et al.
(2007) D & 9 LR 2RI [FG] &9
BRPEE DI TR Lo BREZ#Z 2 L v
IMRMAERGEL Tuh XS 2w (2L, €0k
9 7 FEBRR B T FERS N O IR 5 B M E
W% E 2 120G, BLO K ERATERZOTIE%R
WEHH ) .

—7%, Tomonaga, Matsuzawa, Fujita, & Yama-
moto (1991) X Schusterman & Kastak (1993) (2
g, e S ORERE (Frory -7y
71) OHIZh, AR R TEEIEET 5. 2D
AEZE 5T [HBMEIETH L] L) FEsL
Faha, 512 [SiEde FOMBISFELRLOT
HoH] LB DaFEE HERBROR TEER
WKW SN TELDB0] LI EZTHS MM

TTFrvareA ¥ aryORXD-NT VR L]0 489

TWHETHLH. 2855, TNEOEBROBEKIZ
ZOMEZTOIFERTHETL TH25E LD, W
PR 2 BEREEEIC X 5 SN A BEADERINICE
WEEZOLNERLTHL. DFD, b hEwHif

WA A SRR IC L B & 2 AR EVE VD
L ThaY.
VU Eo X )iz, BHES T, [T RD D,

B ON] L) HEOBIICIEES T
W, SHLBEET MR EREL O LEND S
7559,

5. P7E7 a4 873 DN
kNZRER D

5.1 77Eyaréq89anD14
293

KD 3 Tlx, AFEO MY 7 TH D [xHHh
Wl WCETET7T 757 a vy 2EDTL L) REER
HHERRBEL LaLl, TONEIL, gD/

TN A T AL v Bl S R SR %
BFCHHLELZEW) ZETlERw. 20 %
b, K20 NS, TR BT B RS
WigelE, Vv — IV XEATE) (rule-governed behavior;
Hayes, 1989; Skinner, 1966)7) O #Ef#AE L LTk
B3 Twiz (BH - 1A, 1989). £LT, Z0Hl
WA B3 2 FZBRITZEIC X o C, 1k =THKE
PEPELZ BT 2 AR & 247 2 JIE R o i &
LC, FIEAG 2 5 212 X 2RISR OIER - finif
L) BEHFER S N7z (Hayes et al., 1987). 4%
2, FOBRO7 ) T4 AN GERIE, [RE -
Wl WMo, S2F ) ABHETHE I LIRS
hizoThsb. 2L T, TOMAEEIZ,
C. Hayes (KRRS04 2 % #) &, THOWF
%ﬁﬁtmmﬁﬁmﬁbf7797r47k1o
TOHLVbOERM L. 1 2EMER7L—24
EVIMETHY (Hayes, 1991), b9 1213
TYNYYT - T4 AY ¥ VT (comprehensive
distancing; % - KIE % EOWNNHEL % [HEExE
<& LThHkD D Z &2 fEted % Z &, Hayes,

Steven

1987) LWVIBLT 2=V a Y OHAEE o o Fhi &
THao. WRMIZSZI1E, RFT & ACT 1%, *FFRE

6) bbAHA, TO—KT, 0Ok REEEIC X 5%
i, BTN EZT A MREDRVEEZ OGNS, &
g, A XA D ABEAR L7z 8 v ) #iE s
ENTWRENI ERLIEBRTE LS.

7 V=V EATE &1, b MCEA R, Sk
OMHNET2TH 7 S XD L TH 5.

W2 X BATE)
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% [ RS [ZIMEORUEIR] & v o 22 BIHES)
ZH 5. 2L T, BUE RFT (SRIBESEME SO
HAWFZE % 32 2 A Fekel s (B, 2001; Rehfeldt
& Barnes-Holmes, in press), ACT &= H#ALD
TEpE GRAN/ATEIE) OBFICREL TS
(Hayes, Follette, & Linehan, 2004; ¥4 H - ®JF -
ANAZX YR HRIH) . 2% h, RFT & ACT
I FEd e MR A S NS RAIREITH
5] LWV IRt R I, HRMICEELHENOMR
Y5k % BARI D FEREICIR I L T 55 HBFSE
DEBIEZRBTEHD.

5.2 NZB - NTURICXT BEHMERE
VEDXHIClRs &, wWEESPHBHBDWT
BZZTLEI D L. LaL, FokZE
i3, FNDHEANZERICESG LTV LEaErEW
AZEVLIS, [TT7Frvavesvyryay
DNT VA N LD THLHPHEIE VS HT
Hb. RS, LAY CURMITERY:Z &)
WEIREZPSTH D, 2F0, [7TF o vay
A VET T a Y DORAN - NT VA v R
#ffioT, HOOWMRHINZMZ I L T b
ERHDHIESS.
ZOHBEIIHS LA, BAEos A, RFT
X (4.3 Tl 72X 9512) R TRR7L—A4] &
W) RS RHSHAIC B L CEIEED T 45Tl
B EWI EREDH 5 (e.g., Palmer, 2004). —7,
ACT b, ZOFHEDI ) T4 W IVERERERL Z
OWFOFEIZET % FEENED TS SICHET
HbHEFMEINTNS (eg., Ost , 2008). 2% 1,
RFT & ACT b, £ ¥ %27 54 TGN E b2
BRI EDTH D, ZOFEENLELZDE, HS
PXFFT BWGE % EFFT 572D TR, 4
FMIEHEEE R ST O ELDTH 5.
ZD72, KEED 4 ONED, S EOHIERIZED
B LIS LTREET L) RFHICR 720
b, Rl oEEE A Y OB, S KA &
MEh7z720Thsb. 2F), 4OSFHICHDHLAS
VAL, FEHFHFIBDMTIONDDLDOTHS.

53 NZXb - -NFRERAL?2() FED
Be
TIE, WBIZ, 20 [RZA M- NFA] &I,

8) —R¥ 5L, RFT & ACT XEMMRICL R A L7290
[—BRtE] CldZ < TZHRkE] & L7
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Vo 72WIfTTH A ) A FRUL, SiEgED THIY
RAMifE] (Hayes, 1993; @, 2006, Chapter 1) 12
LoTHLEHSTL A, DF Y, KWRED D VITHK
FiEwmA S 2 [HIRLAME] 2SI S B WwERY
i, ZOBGED TERWI LIZR%.

Z 2T, FTIEERONER R TH 5 URIAT
BRtFo THI ENE] 2B8<xES5. 2o [HIY]
i, HEWMICEEZBEICY LT, £ ORERR
ZWEICT A L) %, BEEE OBK - B
2 (H#EER) ZHELTWLZ L THS (Baer,
Wolf, & Risley, 1968; &, 2007). 51, €D
Mt ] 1%, BFEOMERM BRI LT, [IED#
{t.] (positive reinforcement) DILKIZ D% A5 K
I RIFRKEEREKT B L) bDTH S (Skinner,
1979). 7-& 21E, HEHIZX 5 A ¥ — PRI L
TEHAZEL T20OTIE AL, BEdEEZTLIL
120 L CHEEBIEEDSEHE S5 &) Fag R g
LDTH5 (e.g., Malenfant, Wells, Van Houten,
& Williams, 1996). & 512, KmEIcBE$ 2 M
BT, ZOMBEOEEN LT 52T TRL,
L L ZOMBICHEZRRLEZVWY F4 2 bD
HAL XM Z2ATE 2 BN - LRSS 2 & T, MR
CHEEZ R LT &I bDTHS (ACT I
BT, Ml o8 bs, ThildEo < Bk
W77 varyOREEV) PR EDENIHLT
%: Hayes et al., 1999; &}, 2006, Chapter 9 %
ZW) . o0, WIRIATEIRY: (TEIATS) (3,
»HL EC [EDMIL] DIk z HIEL T, bhvbh
v S [HIE] TREAREREREL TV I ETH
D, ZOMEERZ S > THHEBLD [FP] L LT
< (A, 1995; g, 1985). Ziud, By
RO LC, B aBHEHEZREE AR LT
LE)EVI) RN T AOERZFHIFL L9 &
T272050TH5Y.

U bo X9 =migeny TBR & flifE] Z#IRL T
BGE, TTYrvarvkA vy rvard [RA
b NTG VR EPRT S IR 2 &
LERD. FHOBEONFIERL, EROZ 74
I b EERNTHIS L, BERRE LT En)
HT, BRINCA 57 T4 7l R B, TO
e, TTF Y a ko TR SNz,
WA VT T4 TMGEE D 2 8l hb. OF
D, TZTO [RAXI-NTF A LIZ, HRMWIZ,
ISR EOREIR L T, EHITF
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NN O IR CRIER I B 2 8 7 e HI R
(BARIIE, HLOBYTHRE O ekt
FEHEIMLTWaED, EW) ZENLRIETELEA
310,

54 NZBF-NTLRERETD?(2)  FEFED
me

DX, KIFEIIBIFS [RA M- NTF AL
M) ] 122w TEZTA LY. BB LD
12, FEsC (BDVIZEHER) o [HWY L ftifH]
PHAELL Twwnizd, H—WhiEmirEd s
WIERICHE L. 7, E£HEHO [HIY L Alifk]
&, KEED% L oPER O [HRliE] & oM
WCRELBZVDEDLDOTREVREVIHIRE
otz 20720, KETIX, TOXRAL - NF Y
A B MH—INRT 2 EAdR3IS, TH &l oW
ffbE, ZoNT 2 AT - HOBGEIC S 3EES
ICERDZ L Lzw (I, 1987). €745, [H
BRflifiE ] 13, BIRT L2000 TH-T, 0
BHEEZTTVF VDL LI TELZVDLTD
% (Hayes, 1993; &, 2006, Chapter 1). 07z
B, o [BRyCfiifi] BEORIEEZERT L L
X, VOISR Y v 22 HiERT U EoZ &
BHIRFCE L WEA D (fEjE, 1996). 72721, 4
Ho THREMfE] 55 /72, AFEORIOTH
HEIZBT 2 W 220V T, AfoHic
R (HEZEDT) BRI T2 n,

NRRA N NG Y ZAOBFEEDOINATH DB E I L

FNWTH 5.

I, EFSEOERIC, TOLHIhaxyy
V—PEOREELG 2 TLEE ST, KIFEDT 7
Yarv -7 ¥ —ThAHIRFHLIE, LKHE
TRAICK#H 2B L ETF72w. 4%, ZOFEEW
HATAMERE S B 2 LT, BN T AL WD
HEPERFEA ISR SN, ZOHRE, w{oh

9) ARy Rz B L et ug, s 2 FIK &
LCLEIRIMMENL 7T RAEELSETH [HANIZIE]
MEIZZ w2 d Lhiiw, LaL, ZhhdbEFT [E
I ICBELWIEEZHARL, SHICHEFERELE [JR
H] EEMLTLEY L) M2 ERT 5 L9110, &
MEELTOTHEZHIEL T LEPHLLEFZ LY.

10) 20 & 5 Rk LR, [TEISIEAER (72720,
TAY A OBEIIRD) ONT y AFHTE, BELWwD
OTREVWEFEDR TS, 3E5A, €O RFT/ACT
Offgex, Bk LToO7 v NT Y AIfEREHDL, N
APERBALVDOD, ZONT Y AOEB %R L
Tw 5 (Hayes, 2001; Hayes & Berens, 2004).
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Symmetry bias is sometimes regarded as a culprit that results in fallacies and spoils
our logically correct reasoning. We believe, however, that this bias is also indispensable
if we are to obtain unfamiliar notions, to think creatively, and to infer heuristically. We
devised an algorithm which can overcome the “exploration-exploitation dilemma” that
is involved in the decision-making process under conditions of uncertainty, via a com-
puter simulation based on the “2-armed Bandit Problem.” As a result, we confirmed
that the agent-model, which contains both kinds of symmetry biases, displayed very
flexible behavior, and that it achieved drastically higher scores than the other mechan-
ical agents. In this paper, by drawing upon the theory of ‘Bi-logic’ as developed by
Matte Blanco, we discuss why human-beings require this kind of illogicality, and how
fundamental it is for human [un]consciousness.

Keywords: symmetry (& #i%), mutual exclusivity (FHEHEAMLME), exploration-
exploitation dilemma (¥ & HFFIHD Y L » <), abduction (7747 ¥ 3 »), bi-logic
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Necessity and Possibility of the Symmetry Bias: How
Can We Model Human Unconscious Thinking?, by
Masahiro Nakano (Aoyama Gakuin University) and
Shuji Shinohara (Advanced Algorithm & Systems,
Co. Ltd.).
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KM - #7TH, 2007). 2D 20084 7 ZIIHEICER
FERPRYED 5720, UWTFARRTIE ] &w
IEHEE, MBOAZIRL THRFBIIHCLIEAL
WEZIRLCLRBIIHCEYEEEHSE. 0L
EHOLNPLOW->TBE .
“ﬁ-mu-&m-%m(mm)*i AN
DORBIEIHES [HREARFHOI L V<]
%(T%&ﬁ@ﬂf)%%f%%t%x%h%?
VI AL%, [2 KNy T4 v M
Bandit Problem] (LLF, 2ABP &4§) ([ZB¥ 2
AV¥a—%—-33Ial—3arE@BUTERL
7o, FORE, oL T A LM EPEE
AT A% DB —EDHET WA L (&b
L, wmHENEERY DA THBICER L) ——
TV I, bW ST R FREICE T
L > T % ) O E HIF 722 L BMEREL

& 2-armed





Vol. 15 No. 3

72, Lo Ladss, ToEFV (BOMNBLET
)V Loose Symmetry Model |) 3fEEIC X - TRAT
BERRIC Lo T LY O —2 08IV T
BY, ZOBEEFCDLDERE B DOOMPIIONVT
X, HoRHTE b TR 7.

Z TR, R A3 TS ] (0%
THHEIPEWMLAZ L HWME TS, [XRHME] 2
N OEAEN - |MEHRNHERERICEEIN TS
WREMEIL, TCICiE I LT\ %, Matte Blanco
(1975, 1988) OF 9 [HFMEEE symmetry prin-
ciple] &, bhtbNDOFEHTZHHENL TR E
i, BMICHFEL - R EoR 2 TR, AR
MaEtrdoLEZLNS.

CITEY) [EER] L1, ERICoEZs v
HOZ L AT, MNARESRMEIERNIITbN
B, BRI - R - BB RE R TH 5.
AT L, B Z B - Pelby - KT - 4 TR
HREICBVWTE, [EZD L) & RE Lz07) ]
bz LTh, EIRLA-YASEHNFH
EHZL0H L. i MTe e ksz)] &
BZTzDOTENEBALED, PevoTITI VAl
RO %2 LizbTidav. Zo%e, E#icEo
520, IS rOBTEMLINH ), TOKRE
OFERE P BIRENIZEEZD2ODBZURTHS 9.
XD IEREICIE, ERRAYLEE & SRR AL O
B Lo TR 5 b, BEOEROYH TIEWmH
PRELTWBEEZONRS.

AEE, TFELEICBWTC, BR[| A
H - #rH (2007) TRE L 2ABP RiITBWT
[ESN] Zx—Y 22 b - BTV LR
T5. E2HiTIX, TOEFNLDEOVEED Matte
Blanco DHGFHIZELOTILHFALTWDL I LE
RLBAS, HREIOEFIVY LEISH] Zor%
ERTHIERBLT, WML V) IR
AN DFEISEESINE o TR REDDTH S
heim 5.

1. ¥3abL—-v3>

1.1 2&XBENCT 1y FEEICE TS [HERE

MEFAHORL—KFT7 /L ¥]

— A, [N Ao s> 74 v I N-armed /Multi-
armed Bandit Problem | (LL'F NABP) Oz
HIRT 5121, N RolodbsbAuay v r%
A A=TVFnLLv. ZREROROY7: Y R

SARE N A T R DLIRME & W REE 429

FEHATICRO SN TEY, Bizslihid, oz
L7zhoTas v M) Tl 5. MEL, 7
LAY =12l o TEDRAAEFZ O HFRNITIT
LRSI ETHSL TLAY—IL, OIS FE
SEORAALTAT, LORPEMLEDO2%T
XB72TRHWL, &Lz OARLEBIENY 5]
< (TARK greedy #:)) T &THZRAMLLAZW
LZATHAH. LnLEhs, EORAIAFZLEDH
AERICHIIT 2701008, E0SCRALTARDE
&, o) [HE] PVETHL. LTI L
A X =2 2 R RICT 5720121, ZOMEICH
T 5EINTVD [ exploration & HIFEFIH
exploitation ® P L— N4+ 7 /YL <] (Sutton
& Barto, 1998), 5 WIFFWIRZ L [IEMHES &
BEDOIL—F+7 /YL r=] 2Rl
TohWnWI LIk D.

COMEIL, FFICHMEEXObDOTIEH S
A, HWEMNLIABNZLDICTERVOTIEER
<, B ANBOBEIGE, FRENYE OB R
FAREMICHATVLEEZ LN,

72 2L, =N A< UASEBOEIZTE ) AARIC
1< &I, TXRTCOEENE S Z LTI
THLHLOT, EOWFIATITIEL VFTENDOH % Fill
L, EZEELMIIFEY RRATL LI BEEE
A, EBITE, FoTHALITIHMIL DL L%
WOT, Ml WLIEEBIEY FNTART, 5N
TR OB L, XN EHEBENICHS X
T BHTHAH. ThdRikh NABP o %
O kil 5.

COXDH %, [HANCIEMICHET L2was, &b
ML RoTHARITFNEDLRS W] LI IRRIEH
WHEEICHSENT VS, o, F2I20E [HEREMm
HAHO L= FF 7] PEBICERTYS. 20
HIRT, NABP I3, BMEBREREHICHET 5 AM
DO—FE7F — AT L = PR HRT 5 LD IR
bNLLEDTHA.

1.2 FBNLEHEEEEHNLHT
COMERFL 72D, EDX D) REFVE R
L7265 XWwDiEs ).
HLPEREZFNIIHEVTRILZFRDOD NI
1, (EMEFREED) STSTLREURVDDLEER
bihn., 72& 21E, (AL EEEFENS | Ln
I aEIE, BRI LT, TARKICHLT, Eo





430 Cognitive Studies

BEELWESZ200. @FLRL, BEOEIED
P ERAE L, OB WL EFERIC
IoT, RRFHETHI LIRS, 2F ), W
Feo 723 E BN 2 E, WK 72 & BN
oz, WS oIl b b TiER
7om%, MRS TENLD Lido zRIEsh T v
MER, BHEEINS.

K1 pplqqPbEnEER

@2x2avyFq4 vV ry—--F—=T))
[LE S
Jit IR q (BHFIEND) 7 EBhiw)
p (FEAKES) a b
D (FES%) c d

CDEHIZLTRD SN ERITBEEOFZICO
WTOLDTH Y, FFRIZBVWTHIELWE W HE
AR ICIE V. L LE) THBITE L, KK
MWEHNEEEZ bhIUZ, FBROFHET I
COHEPRETHA .

7272 20X, FRBRICOWTERLTY
LI TIEEL, HEEREAELTWS T 420
T, HEHTIEID SH, TN L > TAMDPKEERE
REFEH#HTELEV)bOTRERW. T2, EBO
ANBOEBINZE S 2H, EBNRHERORMED Y
FIZh3 L Twiw,

T, CoRBNRHEEFEORNZ, HEHRE
P EOBITRI 2R 20 NET— 7 4ET 5T,
EMERHEENTERVE WV HIZHS. NABP T
1, WA VERITTIER (BRI7ZRIT ) OEIRL)
ZRWDDDEBEORL Y MIhB 2F Y, M
EENDPL—FFT7&2MEPLTCHMT 22 LD
VFIZDS, ZORBINLHEERETIEZENDSTE R
V., BhnE— s SRR RS 2o, TS
POBEBN LT, La—)ATA v 7 ADEI 7%
SONUELL 5,

ZZThivbiug, ARIC X 2 8074 KRR
DFHIEADZ o THM RO TR BRI EER .
bbb, MR- 72 SBHEAENZ] &Ik
FEOMHRGFAM L, [HAMe- 725 5 BH A EN 72 ]
EbNbNAHRT 5 (WG T5) LE0E
B 23 HEETIE, HREDOHH NABP BEloHE
WX LTI ISR 2 DTl R wvd, v T
BEbhbhiid o7z

Sep. 2008

COBENS, B - I - HEH - B (2007)
12, 2ABP 2 W< OORRHRET IV (R LE
RHFROLDIHHTELET V) IIEIEDL T &
T, TOEHEHEID L) EE X

1.3 [HER#ER] o1 T

AR, RRER2HG p EERELDLFHG ¢
LDOHVIZONEMBRE LD LI IZRED 52020,
MiEB (M&6, 2001, 2002; Hattori, 2003; Hattori &
Oaksford, 2007) 1, p & ¢ (2B 5 LEFHD S
KRB % S 5 T3 causal induction V)
IZDOWTH LT A,

Hattori (2003) I28F 5 EBROBIEIIKRDO L B D
Thb. FTRI1IBITbpx [FAEKE], /¢
W] LU, a,b,c,dix, BOBD pq,pq, g, pq
DI AZ LT, 209 L THEREIC, 9IFEEHD
T—=% Yy MIEDWIHET, FAERAZZIEK
Fhvh, BRI -0RI ShwDe, T0OM
AEbEERETAV Y 2 —y —WEICERT 2 (72
PLEREND OHEOIEFIET v 5 4) . #iEE
12, FOBREDL LI, p L qDDHWZORSEER
DUREE% 100 B TR %

k¥ & Oaksford (Hattori & Oaksford, 2007)
1Z, BEOFRBOBEREFERIIIMZ, ZOFOBER
HIEBTRTCOBRGONIT—F Z2HHL ) 2
RIEMOETIVE LT, ERIRESNTE 411
HOET VARSI L7729 2T, HofRBT
5 2BERC2—YRT4 v 7 A ETINV] OB
HEERLTNS.

SIS UARJEL - BT - B - T (2007) 1, I
B WERRoETVE LT, AL 7 2
BILUHBEHMIENA 7 22 ERePICELET I
FIREL, WHREEREOBESEIIBVT, 2 BN
La—YRATA4 V7R ETNVIIHLLEEELRN
EbOTHVIERMEE72.

HOREM 2 BT 2 AT o 72 IR S DT L L 13 R % D,
TR - HI - B - HTH (2007) 2B WTiE, xR
1) 2o [RERM] Lo TRRENES HEE)
1, BEOFELRE) LOMROIERPLIEOFLOER
BT TR L, FROFRITH T 2 BIFERIC
BT TH L. Zozdbhbhe LTI, W2
TR T 7Y v a vy (IRBUEENHR) 2batl
W) BIRD EO T, [HAEHEF causal inference] &9
KRR 72w,

2) TOBELOET IV E LG TIE IR (S) €
T EMEARED, TOROEREEZYF ZARFTIEIN
Z [FRwftk (LS) 7 V] LIFA.






Vol. 15 No. 3

PNA T AB LA NS 7T 2AOB S &, £

RN Z ERTO [HRhf] ORSRIC 7+ —H AL

GRHLETVOWRKE T 5720, LT 5 HEHOE

TN D RN WTHIBMGE 2175 72.

(1) S&ME=RE TNV Conditional Probability
Model (CP €TV - P TKY)

(2) FEPEYEE TV Delta-P Model (DP €7V -
DP)

(3) 2¥HWea2—YRARF4 v 7R+ ETIV Dual-
Factor Heuristics Model (DFH €7V - H)

(4) SEENFHEET IV Rigid Symmetry Model
(RSETFW - Sp)

(5) BHERIEET IV Loose Symmetry Model
(LS €7V - S5)

RBIITHRLTBEZW. BITT5H8 L2
Mk FRODH212IE, FPEYE contingency, 3
Z2H) covariation, HHEHE correlation, KX cau-
sation, 4, WIPICE % 5 HREEDS VL o9 D
%. L7*L David Hume (1739-40) DLk, 4
L EDBTEFMITTING ZAHEAIREIX BT 2
CLiEn YV HEETH S, EEIIEEEFHEROD
7EDLIRINY B % R BIAR & IR50%, R & AR
HWIEIZZE D ZOUARUEND L D9 L) h & KR
BZHIBT L 2 T e s 2wk chd i, »on
LoZENS 2 EN - fREERZ LI TER Y. £
DY, FBINIIE, HIETT 5 MkEND D,
ZH HRFERH L7217 TH L. The ok
) IO BR & W% 3 ERE OO RE T
H5.

2ABP I23BWTH, LM% KRBROEZ
T vy Eid, HHHEEp 1o TH LR
g E D LEZ ONDLEBINMER, OF 0 [HEE
BEloX)nboeBl GIE) $56L0w)leT
HbH. TNEZTENL, EFADPEFBNTHNOE
FN DD, HWHEOEF VRO, WEHROT
FNBOR, ZOMADET N ZOIEbIbIO
fEMOMEE 22 5.

ZITE, »aMRFELBECHRFEDOD VLD
BRESEDLI I DHRONIIOVTHRIELDS
AT, 72RZEFNVICE ST [MAGE] EIETE
WEZNRTLW, LEXDILICTS. TR
E, BRIRRSNTE 2 x2aY T4V
Y= - T =7 WD CHESRERIG R SRR T VIS
AT RTHATETH 5.

SARE N A T R DLIRME & W REE 431

L7z TCUTFTCREFSERT T u—FICHE
FTHNLOPDETFTNIZOE, bhbhOEHT S
SRR S A 7 A - FHEHHUE N4 7 R & OREIZE
WCTEFTHERLTAS.

1.4 BEETILOES

DF, ZRENOETFVOEHEE 52D, F1-E
FNEERD S OWE, WET— 5 L o#EsEIcD
WTHBBILTBL.

1.4.1 Zf4HE#E (CP) ETIL

WEOEM EERE Z0 T FRROHER O
AletEsR L Rad, R8N ARiEE ke CP E7 )V
LI

P(qlp) = (1)

a
a+b

o> (P(glp). P(pla). P(alp) % &) bR
BHHETE L. R OMABEDLEIIOVTIIAEKL,
DTRkkET 5.

HkZh p L WIEHEDD LT el Bl
IHHRVPOEELNTHIEH, RO LTHiEDIC
b

e by
a+b a+b

P(qlp) + P(qlp) =

Ehs. DT, COBRERATI E2MEIC [HE
Y] ERBT 5.

FEEO NH ORI X 25 (F12 Hattori
(2003) DEERIZHES ) L CP EFVOMIT
5l Pglp) £ DHWIEOMEEMRTAL
L, FITFF LA LHBEP W EDHERTE S
(r? = 0.0001) .

1.4.2 BEfHE (DP) ET

bL, pTHPTH ¢ ABIZBISINDZD%ED,
p A qDEHRTHZ EIEE VI WS HY. i
M7&ETNE LT, Jenkins & Ward (1965) A%

3) 2DI13A Anderson & Sheu (1995), Wasserman,
Dorner & Kao (1990) @7 — % T b [ U] % #Ei L T
W5, LFTOETFV S Rk

4) TOT L A, WHIHUME SA T AT S L v
IZLDOHNEHTHIHL. [phRELL LT q DERED
WEEErEw] Ly ek, [pARZI SR TFE g b
RS RWITREEATE V] 2 VW) ZETHBEEVI XIS
—MIIEEBZTCLEY. ThbDbE (p—q9 = p— Q)
Thb.





432 Cognitive Studies

T HWtEBROEFTIVIE [AP] TAP V=V ] %
LEIAER, P(glp) OF S22 T P(qlp) DiLE
FEBICANT:

AP(qlp) = P(qlp) — P(qlp) (2)

THREND (7272 L ERIZBW T T 7 VIS Hi
ZAN2HT AP(qglp) EHFENTWS) .

bbb DA T AOBEPLE 2, (2) XD
plqgDOBERIIBOBDp L g #RATHL,

AP(qp) = P(qp) — P(qlp)
= P(qlp) — (1 — P(qlp))
= AP(qlp)

LY, ZOEFVASMEIMYEZ DRIz 2
EOMERTE D, 7272 LA L2 »D).
APIZ [-1,1) KHofi% & 255, HEOME -
0,1] KM ofti% & 5 X ) ICHBERE L, £
HBDPEELZEETD., EFLVOLHELTH
DP (IERZ LT 5.

_1 ad — be 41
"2\ (a+b)(c+d)

DL X,
DP(qlp) + DP(qlp) = 1

Ly, PrhEE e T 5.

BB B C X 5 MM DP E 7V o FEA
DP(qlp) L OHVEOHMEDL, RiEVIFLALR
Shwvy (2 =0.0) .

1.4.3 2E@AkE1—UXF1v7 X (DFH) -
5N
HREB & AR BHEH DT TV & LTHRIES %5 DFH
ETFNVE, DToREHCHRELZERT 5.

H(qlp) = v/ P(qlp)P(plq)

5) & ZTOXRMMEL X X(qlp) = X(plg) DBIR, HIH
PEftE & 1 X (qlp) = X (qlp) PBFREE I bDET S

Sep. 2008

RPSWOHR LI, H ZdBEH)%2oh
RS A, LA LHE LT LSS T
(H(qlp)+H(qlp) # 1), FEHMYES 7z S 200

SEHEIFE a, b, c, d THEEEIL,

a

H(qlp) = m

L% b,

ZOEFVOERIZ, ZOEFVOMIEN AR
12X BEHIfE L & b THWHIE (- =0.964) %
D Z & TH5H (Hattori, 2003).

1.4.4 ZE2XHH (RS) EFN

MDEF IV, HHIBBO LS E 7 & O Wk
D7, Perhfl, AR, M P S~ T AT
BRI T 2B 7V E £ 2 5. JHIEE DD THN
AR b D272, SEANTEEET IV EMREZ &I
5.

a+d

Sl = e

72720, bRE 3 &k MR-k 2 st
WCDFIET HDT, TORHENME—L ) bIF T
W,

A OFFfE & RS & MBI (2 =
0.158) . R H ABOMEFIC I L F TS
INA T AR TS EV) T EIFEZIZ N,

1.4.5 BUXEME (LS) EFIL

bivbiud, M EAHEPHUEO T % 8= %
12 - O FIRITE T B TOVAS AN T VRl % H
FHIETEETFHELZ 2 L CRTEBROME, K
D& AP EDRZIZTEDTHH I L2
W2 L7z (P - fRJE, 2006; fEE - IO - A2 - 7
M, 2007).
0+ (52)d

atb+ (35)e+ (5a)d

S(qlp) = (3)

DS BRI EDN—METHY, P L Sy
W% 2 THHRETHIEELLIELTEDL. D
0 LS EFNVIE, WS 7R EEMRE CP &,
WA T AV ETECVS RS & ORI 2 EE
ZbDOLEZOLND.

6) k#k (2001) TI& B4 biconditionality ] & I
ENhTwa.






Vol. 15 No. 3 SRR N A 7 A DWIRIE & ] Bt 433
£2 KHETFTVOMWHEE NI X 2 FHlifiE & O
SR EFR PP A P HAESHbE r?

CP P=a/(a+b)
DP DP = [(ad — bc)/{(a+b)(c+d)} +1]/2

DFH H=a/\/(a+b)(a+¢c)

RS So=(a+d)/(a+b+c+d)

LS S={a+bd/(b+d)}/{a+b+ac/(a+c)+bd/(b+d)}

O X X .000
O X O .000
X O X .964
O O O 158
O A A .969

PERAL @ X (qlp) + X (q|p) = 1 2Br, HFE @ X (glp) = X (plg) AL, MEBHEEE © X (glp) = X(q]p) AL
O @HFEWAL, x t REAL, A MBS Y (r* 13 Hattori (2003) DHEERIZE %)

2D LS EFVOKRIZ, DFH €7 & FREE
WA OFIifE (AMOKIE) EARTLHTHLD
(r* = 0.969) .

ELH72) TAHMOKRRERORE L EHT 29 L%
Wl 1ZowT, HEEOAREZRILE LTE 2,
INHEDETFTNVOHRT AL L] Old DFH &
LSTHHEVHIZ LITRD (%2).

1.5 FHEEHROBME

YIialb—Yar oKty T4 Y TICEL
TUE, $CICHEE - HEO - B - #rHE (2007) (iR
RIzOTIZTREL MY EE v, fHHIZOA
WBRBE, WA LBYVHELEE, ALRERD (D)
BZE5RD (p) C&07, HEmE LY (¢
Leho?zh () LWHIEREIBEVIBRE
DT, HETFTNIE X(qlp) & X(q|p) & D [HfE
Bl ZEA - L, KEWHORiZEIRT 5.

YIab—¥a rOfRER, HMOME LV BT
oIk, bhlvbhoPHEB2 513E1, LS ET
WL VAR D7, £ LS EF VIO €T
VTR, IEERICB W CERNICEWELZ EEk L
7o, ZORRE, BERH D RSk o7,

CP EFNVIE [RFELMHFAHO ML — 4 7]
oL [IEREX (it RS (Bl o ML—F
F 7] EhTw, L, LS EFV
BHALZDNL—FF 7D, BREZBW
THIEMSITBVTHEHWKIEZ M LT,

finhs, HEMEROEFNVE LTENAMNTH S
DFH E7 VI, ZOFEIHF LTI CP L) bHh
BONRT =<V ADVENST2. LS EFIVORR
LEDRETEZ L, TRRERE»S (0Fh, W

7) PR URRERICIE, TA 2Bl v ] dwy 2 edThb
5 [B &SR] ZLIhb0iF, BIRNESHHLNIL
D2DEPRDOLENTVELZLIZL S, BOARED 3 UL
Wbl ZOREZFTOFEFTITRERTHS.

25

20 r

Exploration Rate [%]

Difficulty Level

B 1 HES SIS U 7R 1 d i i
(IS - LT - B - 950 (2007) X 0).

BOHETTENPABIB TS50 5) 2ABP OffHE
BNEv /BN LE W LIZEZ RV EbhhoT.

1.6 LS EFILDOEE]

ZNTIX 2ABP L W) MEEMHLICIE, E0E
RS ICHZ 2 D 2.

$9, 2ABP ICIEHE L WEE B L WE E 258
D9 %. AL BIZEDYTSH NIRRT
FICKRERE DD LY6E, &5 OIEH 4B
ZODPEHAWTLORS L. LA L, #EVNEn
CHIWHIMEL S B, 22T A - B WiRERBIH
0BT HNIBBIN RO = THS K2 w5k
T 5.
MEOWSEICEH L TAL L, fioEFIL L
BECERY, LS EF VIS EN—EL ICE
{eBlZoh, BERZHBEKIZARICETFTW
LON@ECE (1, fFE - 1O - - - Hr
(2007) & D ETNAMEBIED S 2 58) . 7272L
CITE) MEER] L3, YIalb—Ta VB





434 Cognitive Studies

MIZT =Y =¥ b= BIUEZEH L -H A0
LTH5.

ZOLENIIREEFRTAL L, BHEND LI
BEOMZBZTEL &b L, MEIHEM NN 720
WREE, b b S(glp) & S(qp) £ DHIZOM
PROMEZRT I EDbrol (K2, #&E - HIT-
HH - T (2007) &) EFVEREBIED D 2 H
1) . ThbHMEAENS L BA A A
PN A T ZADSH %03, AT HED— 2L Lo S,
JEx S OYE, LS OHBHIAOMERHuE N4 7
A, WHITHA B NN A T A0 LS
L Th5.

Strength of Mutual Exclusivity

Difficulty Level

X2 SRS U7 SR R > 25 1k
(FRJE - B - BEH - #H (2007) & 0).

EOMBEPHME N4 7 2DFI L) 2 kid, 7
LZEp — qOWEEEDIEHNE V) HEHRIS p— ¢
DOUFEED HWE VIR T 5 L) 2 &I
L, ZhUE, BEAPMD E) BoTHIUL,
BB I The) ZEEZLL I LITHIET B, %
BRI A & B I25 2 &N 2 SIS 0T 2 o
T, ZOEFRIIFBIGITIZIEL L v,

UL, AOMESHuME NA T A5 L
WHZ eI EREp — g DWREELSEHVEW
) EHRAD S p— g OWEEHEIME (p — g DR
BEAE) LI IIRFERE TS L) ZEIZFL
W bbb, B A 251K 2 & THRBIER OBE
IR EL o722 LTH, RHICZENEZRB LT,
FIEIWB 27107 b o LTV, &
WIER LRV LEESZZ LD LSBT A, T4
bbb, LSEFVOIL—Y =¥ MIFENHEL < %
e [ Mt X120 TH 5.

Sep. 2008

DF Y LS EFNTIE, BHEOSCHEOLE
EZIEMADPINETOEZAMENL -T2
ELTH, MBOIESICHFLEMRERLZADS L
W ZEDPHRETH L. [WEFITWBREE, A
F2213) ORETIZRVOTIZ R WA, b))~k
DIFH DS, BZANZOTIZRVA] Lv)ker
BOZLILL o THEREENEE L. HLVREICE
WTIRZFOEHLEE HOR%E T T ARk
PSR VD THREIZE > TE) bOrbiL,
TV®E)ZETIEMSICBWTEMNERDLEAST.
CORRIEMBEIEE Y, WMTEEKE L TE O
MERALIENTELDRELEZONS.

W2, B LWHEIZBWTIZIED N 7 A & FH
¥, ¥bT HERRLEET) ERITROEDWIHH
v, BHRELT, ERZAREZTLETVIDD
BLEMI2ED D352 LTk D,

U EOBENZ X o C, #E5E & BRI —E O
WA E L MOETF MZIEBZ NV ML= FF 7
WBHEZOENLEDTH 5.

1.7 #axdETAE & AT T

COMROEING, ZOEORETIX, HIWT
HHLED () FodborEHEERT S (CP
WZHED), Thabb [HxdHiil 23550 d, £
OEFLOTFEL LT, WA LB OFBIN 2
BFEERNR VDI ED 52D DOWT [HXEF
fiil 242 ($hbb, ¥Y—V—0DLHTAINE
THE B AL, BALITHIT A 25 & EFli§
%) 1ZHH, FERWCEAZCLEENTHS, L
WYL THDB. LY ETD, EBoHE
RIFA LB THEADTHENS, TOEZIIAR
MIFBMYTH D, FWHEI LI, ZRTLENED
Th5b.

ZH D, WHEIIRINIZNNT A= —TH D,
LSIZHER IO W T HEHE LT, LS ¢
LTwWbZ L, S(glp) & S(g|p) PRIKZFTH
B, bbb T I OBREE R IS B
EMICEE R 777 5=l hoTW5h. WHEDE
FRIMEROELDOT, TNHEMK, MG ERE
Wb ENZLEEZOND.

ARG 2 3 5121, B L, HEHHb N1 7
AN LEZBNE. DPACP L)AL
BENTW2EEH, DFH 25k2 bavIEHIzZ 212
H5HERDbNEL. DFH M EPEMME N4 7 2 b HE





Vol. 15 No. 3

FELEELZVOT, MW TwiaWnT
HHH)EEDHLEE) DT 5.

CP 134720 2 BUZHEX RIS HiETH B A%
20054 7 A THHFED LT LS @13 ) ¢
SUEIZ) FLAMLTWA. LSEFVDZ S L
L, EFVHEFER LRERN L DO TH S
A hb 5T, BRNAEEEE B2, ZhH
BAB S LWEREHRETHSH L HICHZS.

1.8 ¥3alL—23>0D%xEd

CZEITORBOMEZ, X —RINIER LT
NWINAKEZDEHEERIETHILTHo T, I
EREOBEICRWT VT AR T ETldk
V. ZoMEE ERNRERTH EWw) 2 ET
PHMZRBLIEZ, WSBTHT Fhy 7 RBIEZ Y
ZENTE, BEMMORKILIIRNETHS ).
HEHELIIZDL ) REKRT, LSEFADRKEDD
DTHDHEFETLHOTIE R,

FBAEDOE A, WEHE 2ABP & oMz T
DOFE (T - HIT - AFA - H:H - #rH, 2007) 122
WT LR ENTWaRV, FEONELEAZ OE
FIAZIZIANT W2, E W) IR D BEIFTE %
V. ETVO—BNRERME, SHRIFIELM
EERT L THIESNTOL BEDRDH L7259,
IS, ABOBBENZOMEZ &0 X9 IXfFE D
PERR, INERKETE0EEZ D 5 5H%0OE
THab.

T/, LISEFLVOFA) v b LT, Bdhk
D> TWB I EBIFOND, R a—
VAT Ay 7 AREDRE SIIN, BHRosiRTE:
MRy A LNS, LS EF VG 0B
BE o572 HLTWAS, WHEREEREEZ O &
LTh, AMAFEBIHEGR P BEIE DM E - O
MR L7 TR Z LTV L E X 2013 R
Fch s .

2D LS ETWVIE, DRY)TVA Y Nedl:
LOFEET, ThbbLBEERO MRS LIMVE
N T A—F—% bR RERNRETIVE L
T, 2ABP IZH LT Rl I 2 5T &
7o, EFAREC, 2 00FKRT [AMMZE] RS 5%
WEIRL72, =2 RRERIC BT, EFVER
AR TAMOBKE] LmwHBEZ b O L) BIRT.
9 —213 2ABP 2B\, fli#Z S T IEM
RO &, HE LOHBEICBLTE®R) L)%

SARE N A T R DLIRME & W REE 435

B, SVHRZIUTEOMS I L > Tl & 2
LV FHRBEERTEV)EIRTTHS. ZORE
BT, SR NS 7 A E BTN A T R &
9 2 ODIERBUNA T A BB EATELS EF NV
&, [FRBR Cld e e - BEREETVE LT
PEVEFLDLDOD—DOTHb EfEmITTLIVE
Bbhis.

175, DFH EFMIZOWTIE, TOYIal—
Ya VIZIERNE THo72h, Y - BN 2 E
B L CHER O FBINRAE D D 25FEHITH F L wl
ZLIZDVTIRE 5L BvARw. L LAREY
3a2aLb—v3rTH)ELURLVOICHREHERTH
FL L DD, FORMBMITHE LD, BELL,
DFH 3HEHEZ & hwiFh e d, dhk%
LT, TNPHESHEEDORD Y &> THR
ICHEREL CWwh b w) Z e b plans. Lid
VR ZHETRICTET, RIS ROBETH 5.

2. BRLEZE

2.1 AFRMEOIRR  FHXH 5 ZIHEFR—MBA

FIMRALTBE V0L, XIS HLEP
THbH]E, X [SEPTHb] LF—DimPEHE
WERLEEEEN)ZETHE. A T—HTRYE
BHEE PPES S EUET AN BIlR 5. I,
REER T R ORGHOMMRE L TEINLEHNE
DT, AR - mEEEAR, TR - WRERLR EiEA
%, TZETim UTEREMHLENRT VIV ERD
T&5.

T2 MFERIS, WA RRIEDOHH 28 L TIZ
27 by [FME] % U T E 720 2FMEHE D
Ignacio Matte Blanco (1975, 1988) THh 4. D
il DID N O N A 7 AR LS TN DO%HE
BERIEHBLTVE L) I8 bR,

FHRMICE 21E, Matte Blanco DF 9 EE kD
JEHE [ b)E 3 generalization principle] &
[ X FRiEJE B symmetry principle] @ 2 O TH 5.
— AL S, MHUCE 21, BEHRICBV T
NIE % B 2@ L 37T, Mook ) KE
BEGOERELTHS, LW EHTHL. AH
EY (N, d%, Maeel) 2866 (V7R) ©
HFE (A=) ELTH, 20fae L) B
DEGOEFE LTH, V) L) Ik
(B EA3a . % ) ARNIE, fE% % mEEkny i
MBI T 2B H L L NHTLTHH 5.





436 Cognitive Studies Sep. 2008

x3 IR, PR BAR

[AIZBOEIZH S Zo#iE  [BiXAOHILH ]
[A B DHiIZH 5 ] Zoiiixz  [Bid ADkicdh o]
IR | TAWEXB X h/hEw] ZoiiiE B AXDKREW]
BIR [AXB2EXEd] Zo#id [BIZARHEXEHIINS]
[A X B %##kAAt] Zoiiix [Bid ACARENS ]
[AIZBOETH 2] Z0HiE [BIZADTTHS]
[AIZBoELICHL] Zoiiz [BIlXAOELIZHD]
TARBIZELW] Zo#iE [Bix AICSELW]
xR [AIXBEFELTHS] Z oL [BIZALFELTHS]
BAAR [AIZB &EX#T 5] ZoiiE  [Bix A &35 ]
[A X BoRBik7Z] Zo#iz B3 A oRBiigk]
[A X BT 5 ] Zoiix  [Bix AT 5]

(Rainer, 1995, p. 23 £ 1)

HHOWHIE, £ OBEINHMEEIERE LT

lﬂZo 3BT, RPN L EROBIT

BRAZEZTICA L BEEIEHITIZT

3&79 %6. ZHTH L, TEMINHLEEROFIT

H5bH. AL BEANREZTHERNTIZIZIZED
572w,

Matte Blanco &, FERFRZ AN (ZfE) FHH bi-
valent logic GEWOFEL) &, A & B 2% [x#FML
symmetrize] LTLE o TV AL 2 T3
XHL, E5I220 2 RBOMEIEE L [Ham
! bi-logic] %% L7

ORI MEmHETHDO LT
5. RKITED LD MHBLRIE, FEFRBFRICEH
TV Ahv. e, HUFESEFRSATY
7L LT, Filko) 2 TRIFREOMEICH L DD
EBFEDMIEIZDH B b D& XS 5 DAFHEN -
KIITIZIE LW (Bl o> [HIE] &) BRI S B
£r35%). THICHL, EERIEN2HHELTH

ROARE W LGND3H 5720, FRamdss (3T
TR%EWVWETD) XM TH 5.

[ Bk 70 B 09 & B HERERN 20 LB 2 5H6 A
ENzbol bhhbhOBEETNIELTEE,
ZHUZLIRINC (B EvwI)ERE b &I
5.

2.2 HEXFAEBREDR
[MEEH] L wIik%E, HEEELTTIERL,
FVIFNVEEBRTHDY FIFLH & LgE o

MI%ZDFFETUTOIETHAS. Freud (1900)
i, EEGROEEZILEE ORMEAN I ED W
&L, #ZICIZJEM condensation, & &tz dis-
placement, MH:RFETE timelessness, HEFJEDA
1E absence of mutual contradiction, #MHYHIED
MIYIEIZ X 2D 3& 2 replacement of external
by internal reality 7 EOBEABA LN S, LikX

TWh., IO [FHENEEER] X, bhvbh
DORD L AT, S TR 2oz
RLTW5

Matte Blanco (& & #UZ, Freud D¥5#HE L 72EA
XA - TOMOLIITERIE, Melanie Klein 7%
TeH L 734} (3%3%) projection ® X /1 = X W ITR
< B 2 0 HE B O KIIE & W23 2 & A5
THb. ZOFEHEIHIE, FIZIE [K0DHEANEH
Gl &y Le [HEAPKERE] &)k
MR- EINE. ZOMOEEDL%, Matte Blanco
i [HFRE—F BEE—-F)] L0072 L
THNEHLWBLERDY, TINoHERINLD

EBIFEL.

72 Z XA RIELF OFHICH TS E. Von
Domarus (1944) OJFEFEIFIEIND b DOHH B, 2
iE, TAIZFEa. Fidstda. Wz, ANZ®TH
5] EVI)BAOHERTH L. T OB ERE
SRR AEHE Silvano Arieti (1957) 13, #A%k

{h$%@%4‘r«ﬁ(% [ARFEMFE—BL] L5

L Thbh, WHOMEICBWTRE»LETDH
5&%L,ﬁﬁ@£%toL%ﬂ MWLTLE),





Vol. 15 No. 3

LWV DINY —VTH .

Z o [REENF—H | OREE % i EGmELF OB
THLELLRTBEW.[SIZIM THE. M I3
PThb WZIZ, SIEZPTHs] Ev)rEAD
ZERTEL, BUTHE. ZOEE M Thbb
Zfr (T#EF] LDFD) MICKEHT2E, 2hid
F1OMETHRETHY, HB20mETEFEL -
TW5h.

E2OMEIIBIS [M] Lwolald, Mo
g ofs (FHE]) $§XTEAN—LTn5
COZlr [MBHEINTVE] HEWIE M
BRIEMTHL] . —#IZ, @HEE (TY
AMTFLAGWHICBIA A YA T) arETIE, £

FEENTH Y, BEEFEEN TR (RETET
%%)

SEGREICB VT, FAFIA R LD —EI
I NARE RS WwE SN, TON—)IVITEK
THE, [HAHAHEORE] L) b sMm
Mk L 2 %, 72k 21, KIF EomENE R
DEHZ[SIETMTHAH PHMTHb, J
PolelkdnE, MPBREINTWRVWED,
B e W TR E OREASE PN S 2 LIl 5.

2O X I, TREENFE ] &) BB ORE
X, bbb’ [FE] L) fwigh#esliFiEa
DOTHPUIHFTE S, E20MEICBWT, [M
XPTHDL] %00 [PIEIMTH5H] Bohr, &
Lo 500 RARKRELZMETHLEITTHS. 5k
DOFAF I FHTE [RE] Z2od» [RFEE] 2
O EFE - WEETHELTLE ). +45—X%
WO HEDHEEFOUHEMMRPYEELTLE S, 12
LAb5F, AMIZLIEFLIEZIASZD0KiES
HCLEI)EHMADH L. 59 FTHRLZOMEN
2, bhvbhds [HHENA 72 LIERS DT
HoTe.

Wk LMETENELREY LD, TNHOK
MESFHE S5 L L, TRA KT & v ) RS E
M WP LTHD XD BATRL SH %2 EA
W on] Lu)BEIIOWT, —EDRFE LD
Liot.ﬁ&b%,ﬁ“&mﬂ%%ibt&ﬁ=
LS ETLE D M 225, HaRilED
HARBETHS, LV RABTH 5.

2.3 EFELMEBEHE—R
L2 LAl osmESE L, ZOFRICEEZBZ T

SARE N A T R DLIRME & W REE 437

Wa R T7 7 v b aEGE] THA G LK (1977)
&, EFRRALD, BEENR—#HEH4ZHL T
LTI RWD, L7eh o TENDHELTHED LA
FHREVIDEFFVWTETERVY, LR Tw
. TR T D IEHE bR R — B o%Ep %
BT LI LIIHRTHS.
Arieti 1ZIRD & ) 12T W72,
3K 9N HOLDFD, 2 ADJEh o
LICHEWTWwL0ERT [BREA, &
ORAERETLAL] EF o7z ke
b A5FE UHREEE LTwW B TRAERZ
Zxl RAERSICR TS LI,

[ UIREEZ LTV 5 &) s, ezb
DOR—HEHFNT=2DOTH 5. (Arieti, 1957)
LA, TR LTREKIE, ZORDTOE

ZIRBRICHERETEIRY, ETETS.
L2rLbhbhizZotofkzs %
AIZWE, LidBbhnwTthHsry. =
ANEATHENTL BRITIE, FEIICRUE
WanWhEIA0ds (bhubiud2o
WAZZREZRTIZSIZTRLE, L)),
(%7K, 1977)
TAROERICEIUE, WL [H—H] Tb, EW
AN TH] 2HEZTODB0, A RTRERE F—
HWoOLDoR—H (EELEROZVE—H) 2L
TWwa, IEFAE, FUTRR2VWTIREDHUTVS
Lok PMTwa| LEBRTHIENTEL. L
U AT BF I L o TRZ OB S L AN
WCEBENRFA—MTH D, ZOMEDORZ ST D%
T, ZARIE TH] ERBHLTWBDTH 5.
WAMICHT, Z2hoiElcE sz &g, xR
P 2 @IS 2 LT, NdEDMEEFh e
LCHEMTHIENTELLNW)ZETHL. HHM
WAbhb ) E2Hh0, MRFAETEFNS. [H
ITBEOKREZZ ] &) FEPLbDTRER
%) TR &, TRBEEL SRR, BidbEL
CEBERZZ] L) B F—BUI X o THRILL T
% (&K, 1977). BERWE—HE v BIRTIE, K
32 b O TEYICIRZ 2 [HIR] Ls, &%
WCEZ W &Rz 5 [3IK] 2L,
FHLZETHD. BREERLHENPTE VST a—7
DML, WBEEMFE AR LTI L 23w,
DF Y, [ AARIHED L E LR TH
%LV) ZIFTIPEHOBEHRTLY2RL, E¥EA





438 Cognitive Studies

MY D] ZH LTV S v b9 EmDE
WENDERETH 5.

R, MAKIHEN 2 SH L M Z2s7z00. &
M, [RFRE] oA#EY) 28R, b L AR
LWV T ETRBEWEA) 2. WIS, EFELRSIHE
i, TRl 2@ %y — 2 c#iblica s bu—
VLTWAERDI L HDTIE RV (ZOEKRT
0, WA EFEIE VD ORRERETH 5,
EHFAB). IEEHEE BN ZHABICREL
TEHEELMH 2T Th L, L XITTHRRIIRICBT
589 hEREORB N HELFECELTNEE
B, B OISR o Feikik & BT g
Wm0 TH5.

2.4 RARWEHRETTEIVa>

COHGFHEREZ L L, AMDSHEMRERZS
ftHZob Db AHE] o—HEREEH L7720 T
HFETE 5.

AFIORES B0 &) TiE, R OETIE 8
WTH2HIETTHE. HHHEEm OWIKIZ F 7%
BNEMADBE, a b WHIMBEEEA T DA, ok
B CHEBT 2 E 8 m OWIkD, HEh LI
YoT FR2NEETHELS 2. T, W
BRI Tld e v, RIS R & R A 72398,
FMRSERZAEART LT GEFIX) ExoNkn
(Peirce, 1898).

ZNTIE, EELWRREZHL DI, 2he
FIERITHEREE LTEORINEZRARX LD
B 72k ziE, ELLEEBIIS TS
121, EORVGETHEZIZE VO, HbHvidHk
DOHHTE LT, BiRE->72EL U zo7201,
O (XY oliz) RYGTHS 2L LD
. COX) RMEER (CoMERKIZEELL
NABP Rz L oTWw3) 2do72L %, ANiF
LD XD iz B b 0P

Ve BRI METIEDHLHH, FhUIvr—uy 7 -
A=A XD [HEEDBIFE] (Doyle, 1887) 2B W T
(W& O] LIFAZS 4 TOHERTHS. &
g MEEE] LEN - =B LT
X LT E % (Eco & Sebeok, 1988).

HiHE 1 LV THZIE, EL UYL D (A— B)
e 2 FEBZ Uo7z | (B)
i SCZREVREN YIS0 (A)

Sep. 2008

ZOFR— A ZAOERERIE, 72D HOEEH
Charles Sanders Peirce 2% [IR#EH (775 27
¥ 3 ) abduction] & WA 72, iEH#% deduction &
b JFM induction & HXPIE N5 3 OHfGHIEA
I2—3¥ % (Eco & Sebeok, 1988; Peirce, 1898).
Peirce P L NET 757 v a v ki, AWM
BFEECTHORIRT, bhrbBnItibhrbizd
O, EESERCEE, RANLTETHS. £
LT, F2Ebbhos ) B N4 7 A5
HELTws., 3L A—-B»B— A%bEECE
ETHDOTHNE, LO=ZEHER TRy E] &
%Y, BURLBELZOENSTHE. MIIFAETT
¥ vaid, IELWERGEICH LT, kDS
—URY Ao 7B E R ARTIeTES. 7T
ryaviix, whid, [#bIETH LRI T
5] HmhihchrLRETE S,

REEMICAE X TV bIvbiug, #EE»SEN%E
WELEIZHAMALNTBY, ZODIidART
W TR VIZTORPDORENZ W X272 &5 Fik
ZRLBEELTWS, ZLTCEORET, #YTHo
T OB TAEBIHEHL WD EEZ D
TENTEL. MHMEEZHZL LV 2L, (H
OHT) W ZBIETEL LW I ETH D,

(BB 72K UMz orz] E W) BIEMS
NTWLERIS, [ZZTH- O 572D
72] LV BEROFERPEOSNDYGEDH L7259,
F, TEBLUDYZ2E] Lw)RROERERS
72012, ZORKE A REHAEORI # iR L
VIOBEDDHBESD. WTROBEIIBWTD
W DK% WS 5 L) BIRICB W TR R —
THb. WHIEERE-TH, 77527 ¥ a VIS
WAEFNE L V) HIhb ) idRew

R LMR, TTY Y a LRl IEH
BEWRLT I LIChE. RV EY LRI Po—L
PLET, [MHETH 2R SRV,
MR EEHLTCE VL) & AED 2 LE)
H5H. EBIZAEIZ, H2 ORIZIE U TZOEBEE
[AFDLY ] 2L TwaIETTHEH, ZORMD
D DS, ANBOSFFELEE - R - 78 Lo
FWHMEEDOPWIZ o TVB I I IZEDLNRS.

2.5 #HotEREBRBOREN
R WIHI 2 B, GROBEDTZDIT,
) —OROBE T IMATE & 720,





Vol. 15 No. 3

AN T B DI, MD7b7E5 9 .
[FIBRATEY ] &, MICHEZ 20759 0. b
AL, BEAZHRLTEWIT Vo, BH0H
ENDLOPBRIEND, AARMMAEZRSHEWVWEHIC
LELED, &) OREIHHENTERW. [HS
BANERTIE] L TAPHGZRT L] 1L, 7
EHIZEHLZETE WAL THA.

F—LHEmOEZDLEIATIE, BbYDHD
F— A TIXEY D ISR 53T TH S
A%, EBIIAMATENIES RN 5. Ehod
LETADD LNV, FhenIC [BUE L
O, BUERINL|[FELELL, FE3Nhb] KL
725, BEND (b, B3hw) | X9 RIEH
R Ltz bbb L Tnwa 2 L, —
ERBEHENTH S L) ICEbNS.

EEITREZLEE, DONPBYRREORE
ZEET CERME) T2 01, 7 — A BERICE D LR
iikmE (Tit for tat) DL H 12, HTELMFOFE
KDOFFETBIGELICLTVDEWVH Z L TIER
W, 9 TlERL, AME» %R D oE, HTEOF
DMBHIC, BHVIZFAFFICHIZELS & LTw
HEWw) &, mFBR%E P = IfF expectation
L, JGHLD anticipation LTW3 & W) Z & TH
8. 20X HEMS, THBRA AR Rk
ENTVLFERD DL EZLILINTEL,

METIEADZD % 6T ] LwHEFEE, ot
SAITA A - HEVE 23D ARBEEATERRL S T v
BEW)ZEDEHTHAIN, HEEVI I
—RZ, FREIMIC (O F D AR ERERIS) T
BENIBI0TREY. 510 [HKHOO—E]
Bz Bl Lo 2 MO ER) 232 E, #
e — M DB AT & 2.

LA L& HEMcE shiug, 22 xie
IS HHEORE 2 T2 2 L 2SRRI 2
5. W2 LRBREANA T AR roiz s, N
AMTH SO A - B2 RO 5 5 b DIz
M % b ERbNE. D) RRMEWICE
A, ®FEE VO RS R I UE, AIEART
BHBHIEPTER. WML ABOANEEDOSE
 (D—2) ZDOTH5.

SHROPEE LT, Ao CIRIIIS CT

8) T Dk, [FFEME] &l b LzBE a3 (K
#, 1990-92), U EBEAKERZ TEDH)—D2D
MET—<Ths [Nl ZEDIRTORICHLS
NTERZETHD (HE, 2006).

SARE N A T R DLIRME & W REE 439

A Rl 720 FlE o720 LT E
ShnwE &I, EOLHITTIEINIEE T TICH
WRHEATE 200, 20X H =X LOMH
KOHE L% 57259, LS ETVOEHHPEIZA
BOBE L —HT L0 L) »OBGEEL £ 7248 145T
505, AR BAHIE A 7 = X 2 BERICE LT
LS ETIVOHIZE Y FSRINTWAEDTIE W
NeBbhs. LS EF VR - A PEME S
AT ADWFRIZELIIH B8, 9 LWigExd L
TABOHEEORFELY -85 9 L)L, 2k
DELLZOTIZRVEAL I . kL VW) T—=
X, TREERERT LD oTV5S.

3. ISP AT

JEPRRICIE, AR ORI - AR 2 B3 £ 3
RBIRT, W ODPDORERBRE FIRT B LA
T&L). —DRENEHERIEa—F—- T
Uy 5089 %b0 Rk , [F477T
B Tt & effective procedure] EHEZ HEHH Y
95, —HIS, WIEFIETEE B R 00D O DT
Y5, EELLENEMPIIM . IERITHAE - 4
WIZh7z b o LNEYR AN OB E W»
&S, FERIIIER & RN TOBERWBIRIC
wILTE, B - HWam 3t - EHAICEITTE
3T THSD, LWIHIRBRIIMLLI) B LEAZS.

AT, IS, AMOFGE - FErhE A & L ERBIE
HULObDOTHL, LEZAVEPHY B, A
B OMZIIHHGRHM TR ENL WV, L W) YT
H5bH. TOMEHLIL, BEEOZEL, SURRPLIEEHK
O, FEHERNGERLR L, PHEE R ER LRI
BRICAND Z LR EL LS. )i, o
FIRER B ZE D Z DL LE L VWEREZEMR T 528
WA, HEMIREA WS 5 2 LITEREL
RUFNEE SR\,

Uk 200 ke e i Ths. &
Ho%  oWigeid, Thomimo sy sh—hHo
VIO LW T L, FEEENL TS
EERBIES). KROVUSLL, oL omfge
[ ENRDDOTHo7. bhvbISAROR
EZT7uv A MRS 57-0120%, wmHNE b0 L
HY TRV o =JERHNL b D LD %, —IT
BCbRIE R S Rw. ZoZzdbhvbhudid, #
FemBleil e ara—y—Lt sz oz flivn
BALL, TILHLIIEINELLL0% SRR,





440 Cognitive Studies

EOHnLoTw L, &) WEELRBIZE ) EAsEa
DFHNRTVS.

LZAT, MmN DI Lo TN LD
D LD, MR LI Lo TR L DD
2D FHE DIV PICEETHE. DFD
[(NATA] 2 RN L SO%E, &) —FEiH
HOBPITEEREL, WhIEEHT5ZLICE-T,
BPCTERLHT LOmHEEZAVELTAL) W)
HEPRIIVZYTHL LEDLNS.

< LT AM oG BRIE, WML RE (B
W) LRI e (ER) Loy TY LT
No% 5B L) BEE, AFROBIZEC & o THiE S
N72EEZTIIWIT R WEAS S 9. 2, Freud
DEI FRTOER L BEROZERER, Matte
Blanco ®E 9 [### bi-logic| ®¥% z & AN
WKHRLDDTLH 5.

RELIDL) RWERKS, TV v a vl
TERV. CORRAEROBREE, & 5% 5D
SEHRVBETHHZLIEIEI T T .

X B

Anderson, J. R., & Sheu, C.-F. (1995). Causal
inferences as perceptual jugments. Memory
& Cognition, 23, 510-524.

Arieti, S. (1957). Interpretation of schizophrenia.
New York: Basic Books. (7Y Z7 1 (1966).
DR 298 0 0B . SRt BEE )

Doyle, Sir A. C. (1887). A study in scarlet. Hert-
fordshire: Wordsworth Editions Ltd. (Re-
published in (2001).) (5 & &R (1953). [k
L DFgE]. Friiit.)

Eco, U., & Sebeok, T. A. (Eds.) (1988). The sign
of three: Dupin, Holmes, Peirce. Blooming-
ton: Indiana University Press. (L—23 /3 —
Yok 7w, /Nt g B (1990). [ZA0iEs
TNy SR B 8— A R )

Freud, S. (1900). Traumdeutung. Frankfurt am
Main: S. Fischer Verlag Gmbh. (Republished
in (1989).) (¥ —H &R (2007). 9. 7
o4 MRl 40 B8 EEEE)

JRER SR (2001). REREWIO 2R 2 —Y 27 4
v 7 A E®TINV. [FRMEE], 8, 444-453.
B HEER (2002). FRERAHERR~ORERGRIN T 71—

F. [%# L3E6], 2002 (1), 16-26.

Hattori, M. (2003). Adaptive heuristics of co-
variation detection: A model of causal in-
duction. In Proceedings of the jth Interna-

Sep. 2008

tional Conference on Cognitive Science and
the 7th Australian Society for Cognitive Sci-
ence Joint Conference (ICCS/ASCS 2003),
Vol. 1, 163-168.

Hattori, M., & Oaksford, M. (2007). Adaptive
non-interventional heuristics for covariation
detection in causal induction: Model com-
parison and rational analysis. Cognitive Sci-
ence, 31, 765-814.

Hume, D. (1739-40). A treatise of human nature:
Being an attempt to introduce the experimen-
tal method of reasoning into moral subjects.
Oxford: Oxford University Press. (Repub-
lished in (2000).) CK#l &Z R (1948). TA
PEam] . WO AP

Jenkins, H. M., & Ward, W. C. (1965). Judg-
ment of contingency between responses and
outcomes. Psychological Monographs, 79, 1—
17.

FEH P (1977). T o SR, 5 gk
N

Matte Blanco, 1. (1975). The unconscious as in-
finite sets: An essay in bi-logic. London:
Karnac Books. (Reprinted in (1998).)

Matte Blanco, I. (1988). Thinking, feeling, and
being: Clinical reflections on the fundamental
antinomy of human beings and world. Lon-
don: Routledge. ([ 3#i5 X (2004). [#E
AR DIEE DR OB L IR OZERM ] H:
et

McCarthy, J., & Hayes, P. J. (1969). Some philo-
sophical problems from the standpoint of ar-
tificial intelligence. Machine Intelligence, 4,
463-502.

HBF B (2006). [HEHE & RN AR 2 M o)
Rl BHR 0 o = 2V L

R 5% - E BT (2006). I 32— a v
I2B1F % Ahal i, [E0HEESL | 212X
Td725815. [InterCommunication), 58,
53-65.

KE B (1990-92).
WL BEHS.

Peirce, C. S. (1898). Reasoning and the logic of
things: The Cambridge conferences lectures
of 1898. Ketner, K. L. (Ed.), Cambridge,
MA: Harvard University Press. (Republished
in 1992.) (C-S-/%—=2 (2001). [#fEtkoHE
], R FREGER, B s )

Rainer, E. (1995). Unconscious logic: An in-

[kttt 111,

troduction to Matte Blanco’s bi-logic and its





Vol. 15 No. 3

uses. New York: Brunner-Routledge.

EAE—, W5, M8, R i—, P e
(2007). FEHRFH L -V 2 v MZBIFBENL T
A HBEREEICOWT. TALHE A GE],
22, 103-114.

BIEAE=, HIsE, HHE—, FHEE (2007).
HRPEICHED K BRIEEET VE N K>
T4y ME~OBH. [ATHREE R SCE],
22, 58 68.

TR L (1990). TR« A & Bk
AL HE SR

Sutton, R. S., & Barto, A. G. (1998). Reinforce-
ment learning: An introduction. Cambridge,
MA: MIT Press.

Von Domarus, E. (1944). The specific laws
of logic in schizophrenia. In Kasanin J.S.
(Ed.), Language and thought in schizophre-
nia. Berkeley: University of California Press.
(RTH R AR (1971). Kt 2492 B 1) 2 4%
PRz BEAl. [SEhomE &) 50T 0 3
fBERE.)

Wasserman, E. A., Dorner, W. W., & Kao, S. F.
(1990). Contributions of specific cell informa-
tion to judgements of interevent contingency.
Journal of Experimental Psychology: Learn-
ing, Memory, and Cognition, 16, 509-521.

Gk (1977). [7 7 ¥ b L Z2MliR 2RO
RGO B . O - SRR ((1992) %k
IHEERSE 1 %L LCTHTL)

SARE N A T R DLIRME & W REE 441

(Received 10 March 2008)
(Accepted 28 June 2008)

F % EE (E&H)

1968 fEJL B4 . 1992 £ HHAR
REFREF IR SR . 2001
SERHRRERAEBE AT - BREESAHF
R LIRS T, L (A
- BREES2) . 20042005 4E/8 ) 5
8 KRBT R % BWfgeH. Bl
1, FIFFERFRA BRI H. WEe
F AT ERGZ M AT E Lad s, Him, HaR
R 7 SHFICRRTS - AL IS AR HE D
12 (a8 EHE AT Ao (Fh=vY
AR . WEEIC TMo#HFE 7u4 =54 ]
(EstEEAF L) 2L

o

#ER = (E&H)

1967 A F . 1999 EMB K
Kb B RFHFIT FERHE L 2 1
-~ BMEET. W (). BUE (B
T RENVAINTIVIYALEY A
T ARIZBWT, WG (EF
) R IaLL—varky
DY AT ARSI, B, WEIE VAT 4,
AR (WROSIEER) RO EEKE SO,






Cognitive Studies, 15(3), 392-407. (Sep. 2008)

M Feature — Symmetry

Invited Paper

Stimulus Equivalence and the Origins of Reasoning,
Language, and Working Memory

Mike Oaksford

The ability to pass tests of stimulus equivalence seems to mark an important dis-
tinction between animals and humans that is tied to language. Most other animals are
unable to reliably pass equivalence tests. Even linguistically trained chimps seem unable
to pass them (Dugdale & Lowe, 1990). Moreover, pre-linguistic children show similar
poor performance. Sidman (1990) argues that an innate logic (Fodor, 1975) would con-
fuse explanandum with explanans, i.e., logical ability needs to be explained by more
primitive behaviour. We argue that abductive reasoning ability is more primitive in
that it is required to learn basic stimulus-stimulus relations. Moreover, we propose that
extending this ability beyond the temporal limitations of our neural equipment requires
the ability to sustain a representation in working memory and this may be facilitated
by associating it with an endogenous rehearsable response, i.e., a speech sound. In sum,
extending the temporal range over which associations can be learned using associated
sound may tie together the origins of reasoning, language and working memory.

Keywords: Stimulus equivalence, reasoning, eduction, abduction, language, working

memory

In this paper, 1 explore the implications of
the findings on stimulus equivalence for the ori-
gins of reasoning abilities. The argument has
its roots in a commitment to Lloyd Morgan’s
canon as expressed at the end of a recent pa-
per by Nick Chater and I (Oaksford & Chater,
2003, p.312): “Following Lloyd Morgan’s (1894)
canon, if some function can be explained at the
lower level, that is probably the level at which it
should be explained, since there seems little point
attributing people with more high-level cognitive
equipment than is needed to explain their be-
haviour.” This point was made in the context of
a closing discussion of dual process approaches
to human reasoning (e.g., Evans & Over, 2004;
Stanovich & West, 2000). On this view, System 1
processes are automatic, unconscious, and based

on implicitly acquired world knowledge. System

Birkbeck College, University of London.

2 processes are controlled, analytic, and based
on explicitly acquired formal rules. The evolu-
tionarily older System 1 is also usually regarded
as largely associative and involving connectionist
style processing. The evolutionarily more recent
System 2 is usually regarded as involving explicit
formal rules operating over symbolic representa-
tions. Nick Chater’s and my probabilistic ap-
proach (see Oaksford & Chater, 2001, 2007 for
summaries) is frequently cited as abjuring Sys-
tem 2 processes. However, we have explicitly
argued against this characterisation (Chater &
Oaksford, 1999; Oaksford & Hahn, 2007) and as
the above quotation demonstrates, concentrating
on the System 1 level, following Lloyd-Morgan’s
cannon, is a methodological commitment not a
theoretical commitment to the non-existence of
System 2.

Once a theoretical commitment is made to
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these two levels, the question arises of how they
are related? In particular, if System 1 is phylo-
genetically older, presumably the newer System
2, evolved to meet some need not met by System
1. Moreover, given that System 2 is involved in
explicit verbal reasoning of a type seen mainly in
humans (see Hurley & Nudds, 2006), this need
is most likely tied to language. We argue in this
paper that the findings on stimulus equivalence
provide insight into the difference between Sys-
tems 1 and 2 and critical clues about how Sys-
tem 2 might have co-evolved with language and
working memory.

The paper is organised as follows. I first out-
line some further distinctions between System 1
and System 2 based on the nature of the repre-
sentations and processes involved and how they
are used to make different types of inference. We
then observe that one particular type of infer-
ence, predictive inference or eduction, seems to
be the target of basic animal learning processes.
We then introduce the evidence from the match-
ing to sample paradigm showing that full stim-
ulus equivalence behaviour seems to be tied to
linguistic ability. We argue that basic animal
learning processes that allow eductive inferences
also rely on a limited form of abductive infer-
ence which requires keeping possible predictors
of an event in mind. We argue that this process
in temporally bounded by the decay characteris-
tics of the brain’s neural hardware. We suggest
that organisms that have the ability to generate
endogenous stimuli, e.g., sounds, that can be as-
sociated with representations of external events
and that can be rehearsed have an adaptive ad-
vantage in being able to maintain representations
of possible predictors in mind for longer. Being
able to maintain representations in mind also al-
lows people to interrogate their long term mem-
ory for world knowledge and store the results
as representations of different possibilities over
which further, more abstract reasoning processes

may develop.
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System 1 and System 2 Inferences

Studies of humans reasoning usually begin
with an account of the logic of the conditional
statement, if...then. However, in natural lan-
guage this term can be used to describe a variety
of real world relations that can be involved in a
variety of inferences (Barwise & Perry, 1983). It
is knowledge of these real world relations that it
is assumed animals and humans learn in stan-
dard learning paradigms. So dogs can learn that
if a bell sounds, then food is about to arrive or
that if it presses the lever, then food will arrive.
The latter instrumental case is no different to
the similar instrumental relations that people ex-
ploit in their everyday lives, e.g., if I turn the
key, then the car starts. It is a common assump-
tion that such information is what makes up
our world knowledge stored in long term mem-
ory and which is the core of System 1 processes.
Such knowledge can be represented in connec-
tionist systems (McClelland & Rumelhart, 1986)
or rule based systems with associated strengths
(Holland, Holyoak, Nisbett, & Thagard, 1986).

How do we acquire and what do we do with
such knowledge? Peirce (1931) identified a va-
riety of inference types that apply to such rela-
tions. So one can learn about keys starting cars
by inductive inferences from instances of ignition
key turning events; one can predict what will
happen when you turn the key in eductive infer-
ence; and one can explain why the car started in
an abductive inference. Of course, not all induc-
tively learned relations that allow good eductive
inferences allow good abductive inferences, e.g.,
if the cock crows, then the sun will rise, is useful
in prediction but not in explanation. Learning
that the cock’s crow does not cause the sun to
rise requires intervention to see what happens
when the cock does not crow (Pearl, 1988). Such
intervention is beyond most non-human organ-
isms (but see, Hurley & Nudds, 2006). This
would also appear to be true of deductive infer-
ences, the last of Peirce’s quartumvirate of in-

ference types. Deductive inferences are different
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in that they only rely on the form of the condi-
tional used to describe the relation and not on
the relation itself. The System 1/System 2 di-
vision seems to involve allowing that System 1
processes are adequate for all but deductive in-
ference, which requires System 2 processes oper-
ating along more abstract and general lines.
This section has proposed a possible division
between System 1 and System 2 on the infer-
ences that they might support. Typically, how-
ever, System 1 processes are regarded as associa-
tive and hence bidirectional. In the next section,
we describe the work that showed that System
1 processing is actually sensitive to prediction

rather than just association.

System 1: Learning and Eduction

In a standard animal conditioning experiment,
a pre-existing response, e.g., salivation, is grad-
ually bought under the control of a conditioned
stimulus (a “CS”, e.g., a bell sounding) by being
paired with an unconditioned stimulus (a “US”,
e.g., food presentation). This is classical con-
ditioning. Alternatively, a particular response
may be elicited by providing a reward each time
an action is performed which approximates the
desired response. So a rat may gradually be
trained to press a lever to receive food, by provid-
ing food for each successive behaviour as it more
closely approximates lever pressing. This is in-
strumental conditioning. In many experiments
these procedures are combined. For example, a
rat may first be trained to press a lever for food
(instrumental conditioning). The lever pressing
response is then subsequently treated as the un-
conditioned response in a classical conditioning
experiment. Until the late 1960’s it was thought
that for animals to learn the appropriate condi-
tioned responses, all that mattered was how often
the CS and the US were paired together. In the
language of contemporary cognitive approaches
to learning theory (Dickinson, 1979; Mackintosh,
1974; Sutton & Barto, 1981), it is the frequency
of pairings which determines the strength of the
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connection between the representation of the CS
and the representation of the US.

Such simple associationist interpretations of
conditioning were however questioned by an ex-
periment conducted by Rescorla (1968). This
experiment established that simply pairing the
US and the CS was not sufficient for condition-
ing to occur. In addition, the CS must be a
good predictor of the US. This was established
by demonstrating no learning when the CS does
not predict the US although the CS and US have
been paired many times. This is what Rescorla’s
(1968) ingenious paradigm achieved. He used a
conditioned suppression procedure where the de-
pendent variable is the suppression of a previ-
ously learned response, in this case lever press-
ing. Rats trained to press a lever for food were
presented with a series of 2 minute tones. An in-
terval in which no tone was presented separated
each tone presentation. Four groups of rats then
received shocks during the tone with a probabil-
ity of 0.4, i.e., P(shock|tone) = 0.4. The criti-
cal manipulation was to vary the predictability
of the tone (CS) for the shock (US) by varying
the probability of receiving a shock in the inter-
vals between tones, i.e., P(shock|no tone). Four
conditions were used P(shock|no tone) = 0.4 or
0.2 or 0.1 or 0.0. When P(shock|no tone) = 0.4
the rat is as likely to receive a shock when the
tone is absent as when it is present. The tone is
therefore completely non-predictive of the shock.
The lower P(shock|no tone) becomes the more
predictive of the shock the tone becomes. Given
that each group receives the same number of tone
presentations the frequency of tone-shock pair-
ings can therefore be kept constant while CS-
US predictability is varied. To measure the ef-
fects of this training the rats were returned to
the lever pressing task and the suppression of
lever pressing evoked by the tone measured. The
dependent variable used was the suppression ra-
tio, i.e., the number of lever presses during a 2
minute tone divided by the sum of the number

of lever presses during the tone period plus the
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number of lever presses in the preceding 2 min-
utes. Thus a suppression ratio of 0.0 means a to-
tal suppression of responding and a ratio of 0.5,
no suppression. Since the shock (US) suppresses
responding, the more the rat has learned about
the CS-US relationship the lower the suppression
ratio should be. As can be seen from Figure 1,
Rescorla (1968) found that the greatest suppres-
sion was found for the lowest P(shock|no tone)
group, providing unequivocal evidence that pre-
dictability, not simple contiguity is required for

learning CS-US relationships.

0.5 1

0.4

0.3

0.2

Median Suppression Ratio

0.1

0.0 -
Control 0.0 0.1 0.2 0.4

P(shock|no tone)

Figure 1 Median suppression ratios as a
function of P(shock|no tone) with
P(shock|tone) held constant at 0.4.
In the control condition, the same
tone presentations were given but

in the absence of shocks. (After

Rescorla, 1968).

These results and others (e.g., Kamin, 1968)
prompted the development of more sophisticated
associationist models, incorporating more elabo-
rate ways of adjusting the association strength
between the representations of the CS and the
US (e.g., Rescorla & Wagner, 1972; Mackintosh,
1975; Pearce & Hall, 1980). Many of these ac-
counts implement the AP rule (Cheng & Novick,
1992), i.e., the CS-US relation in Rescorla’s

Equivalence, Reasoning, Language, and WM 395

experiment are learned when P(shock|tone) —
P(shock|no tone) > 0.
on the degree to which CS-US relationships is

This is the constraint

learned. However, there may be more to predic-
tion than this statistical sense. For example, the
door to our coffee room, which is supposed to be
locked, is unlocked around 80% of the time when
I want a coffee, so the conditional if I push the
door, I get into the coffee room is a good rule
for me to follow because P(I get into the coffee
room|I push the door) = .8, i.e. it is quite high.
Moreover, I will be happy to predict that I get
into the coffee room given I push the door with
probability .8. Now it may be the case that 80%
of the time when I don’t push the door, I still get
in because the door has been propped open, i.e.,
AP = 0. However, I am still going to push the
door when it is closed predicting with a degree
of belief of .8, or thereabouts, that I will get in.

This distinction mirrors the difference between
instrumental vs. classical conditioning. In per-
forming an action to achieve a goal, an animal
is mainly concerned with the probability of what
happens when it performs the action. An ani-
mal acting in the real world simply does not have
the time to hang around observing what happens
when it doesn’t perform the action. Only ani-
mals in Skinner boxes have this luxury provided
by their captivity. On the other hand, classical
conditioning depends on observing the pairings
of events to see if one predicts the other. Conse-
quently, what happens when the putative cause
does not occur is important. Animate causation,
the notion that things only happen in the world
as a result of our or other organisms actions upon
it was the Scholastic model handed down by Aris-
totle which was overthrown by modern science.
But it suggests that the naive or folk concept of a
good predictive relation in the world, that might
be described by a conditional, if p then g, is given
solely by P(g|p). The more protracted process of
picking up predictive causal relations in classical
conditioning involves observation of cases where

p does not occur and as for cocks crowing and
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the sun rising, this may require interventions of
which most animals are not capable.

This idea that two quantities are important in
prediction, which may be different in the instru-
mental and classical case, is related to a similar
proposal concerning argument strength (Oaks-
ford & Hahn, 2007). If we describe a predictive
relation using a conditional, if p then ¢, these
quantities are P(g|p) and something like AP (see
Hattori & Oaksford [2007] for a list of further
contenders).

The proposal that System 1 processes are asso-
ciationist needs some modification by these kinds
of results, i.e., the information that is stored
in conditioning may require information about
P(q|p) and P(q|—-p) (“=” = not). As Over, Had-
jichristidis, Evans, Handley, and Sloman (2007),
have observed, these quantities both affect peo-
ple’s conditional degrees of belief but to very dif-
ferent extents. The characterisation of Oaksford
and Chater’s (2007) probabilistic approach as re-
quiring just System 1 (Evans & Over, 2004) sug-
gests that verbal reasoning in humans can be car-
ried out using just the mechanisms that allow a
non-linguistic organism to learn about and pre-
dict its environment to guide its actions. I now
argue that the results derived from work on stim-
ulus equivalence suggests that this is probably
not the case and that there is a profound dis-
tinction between the processes involved in verbal

reasoning and those involved in animal learning.

Stimulus Equivalence

We now look at some work in the learning lit-
erature which indicates that what separates ani-
mals and humans, what make them mere learn-
ers but us “reasoners”, is the ability to make
limited abductive inferences and that this abil-
ity may, perhaps not surprisingly, be related
to language use. We begin by examining the
task where most of the interesting evidence has
emerged - the “equivalence task”. This is the
experimental paradigm which seems to mark an

important extra-linguistic behavioural disconti-
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nuity between humans and animals. In the fol-
lowing section we suggest that this discontinuity
points to a direct link between the emergence of
abductive reasoning and language development.

Within the framework of the experimental
analysis of behaviour (Skinner, 1938, 1969, see
also, Lowe, Richelle, Blackman & Bradshaw,
1985; Blackman & Lejeune, 1990) work on stimu-
lus equivalence with humans (Sidman, 1971; Sid-
man & Tailby, 1982) has been prominent. We
will return to the definition of stimulus equiva-
lence after describing the experimental paradigm

used in testing for its presence or absence.

@

. Red
) . D Yellow

Figure 2 The basic structure of the matching-
to-sample task. A sample first ap-
pears in the centre box of the five
window array (a). After touching

the centre box, the comparison stim-
uli appear in the outer boxes (b) and
the subject must learn to select the
comparison which the experimenter
has decided goes with the sample.

The paradigm used is a variant on the
matching-to-sample procedures common in many
areas of behavioural research with both animals
and humans. The basic task is illustrated in Fig-

ure 2. A five window array is employed which
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may be presented on a computer touch screen.
Stimuli are presented in the windows and sub-
jects must learn various arbitrary associations.
For example, they may have to learn that Y
goes with RED. The symbol “Y” first appears
in the central sample window. Once a subject
touches the Y, the comparison stimuli appear in
random positions in the outside comparison win-
dows. The subject must then touch the correct
comparison to obtain a reward.

What interests behaviour analysts about this
task is that once these relations have been
trained, certain emergent and wuntrained be-
haviours seem to come for free. For example,
if without further reward, the stimuli are re-
versed, so that RED now appears in the sample
window and “Y” and another arbitrary symbol
“X” now appears in the comparison windows,
subjects typically select “Y”.
Y = RED, you seem to get RED = Y for free!
A further emergent behaviour arises as follows. If
Y = RED and RED = § are trained, then when

Y appears in the sample window and $ and £ in

So if you train

the comparison windows subjects typically select
$. These emergent behaviours are described as
symmetry and transitivity respectively because
of the obvious connection to the logical proper-
ties of relations. A relation that is symmetric,
transitive and reflexive (Y = Y) is an equiva-
lence relation, hence the “equivalence” task.
Sidman (1990) has argued that, while the
definitive tests have not been carried out, on
balance the evidence is in favour of equivalence
not being a uniquely human phenomenon. How-
ever, Dugdale and Lowe (1990) argue that the
standard equivalence procedures were not car-
ried out in any of the studies cited by Sid-
man (1990).
demonstrate symmetry with pigeons (e.g., Lip-
kens, Kop & Matthijs, 1988), cebus monkeys
(D’Amato, Salmon, Loukas, & Tomie, 1985), and

rhesus monkeys or baboons (Sidman, Rauzin,

These studies have failed to

Lazar, Cunningham, Tailby & Carrigan, 1982).
Dugdale & Lowe (1990) therefore attempted
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a definitive test by using the language-trained
chimpanzees (Pan troglodytes), Sherman, Austin
and Lana at the Language Research Centre in
Atlanta (Rumbaugh, 1977; Savage-Rumbaugh,
1986). Performance on the symmetry test tri-
als were at chance levels for all three chimps.
Dugdale and Lowe (1990) concluded:

“If one of our closest relatives in the animal
kingdom is unable to pass these tests, then
what chance is there for our more distant rel-
atives? What is of even greater significance
is that the chimpanzees we tested are unique
among all animals in that they have a his-
tory of training that is quite unprecedented
in its extent and complexity. Sherman and
Lana are arguably the most “test-wise” of all
animals. Before this experiment they must
surely have ranked among the favourites to
be the first non-humans likely to pass a stan-
dard symmetry test. Despite all this, how-
ever, they did not.” (Dugdale & Lowe, 1990:
123).

This evidence is quite striking because if symme-
try had been observed, the most plausible expla-
nation would have been the test-wiseness of the
subjects. The failure to observe symmetry even
with these subjects is therefore all the more com-
pelling as evidence that symmetry is a uniquely
human phenomenon.

Not only is symmetry apparently uniquely hu-
man it also appears to be tied to the development
of language. There are two sources of evidence
for this conclusion. The first derives from stud-
ies with mentally handicapped children (Devany,
Hayes & Nelson, 1986). Devany et al. (1986)
investigated the equivalence task performance
of 2—4 year old children with learning difficul-
ties who showed spontaneous speech and sign-
ing, and 2-4 year old children with learning
difficulties with no verbal skills. Their perfor-
mance was compared with normal 2 year old
controls. The normal controls and the learn-

ing difficulty/language group passed the equiv-
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alence tests but the learning difficulty/no lan-
guage group did not. The second source of evi-
dence derives from developmental work.

Within the experimental analysis of behaviour
tradition it has been shown that some classical
animal learning phenomena are in evidence in
pre-linguistic infants (Lowe, Beasty & Bentall,
1983; Bentall, Lowe & Beasty, 1985). For ex-
ample, on fixed interval reinforcement schedules,
where, e.g., a rat may be reinforced every minute,
animals reveal “scalloping” in their cumulative
record (an additive record of responses, e.g., bar
presses, plotted against time). That is, after re-
inforcement their rate of responding drops off
gradually, reaches a minimum and then picks up
again as the time for the next re-enforcer comes
around. Humans, on the other hand, do not show
scalloping. Instead they appear to adopt one of
two hypotheses. Subjects may believe that they
have to generate a certain number of responses
during the period to receive the re-enforcer, this
leads to a consistent and high response rate, i.e.,
no scalloping. Alternatively, subjects may be-
lieve that they will be re-enforced after a fixed
time if they respond, this leads to a consistent
and low response rate, i.e., again no scallop-
ing. Pre-linguistic infants, however, do reveal the
classical FI scallop. Moreover, they do not show
symmetry on equivalence tests (Beasty & Lowe,
1985; Lowe & Beasty, 1987).

However, there have been some more recent
reports of potential counter-evidence to the re-
liance of symmetry on language. For example,
Schusterman and Kastak (1993, 1998, see also
Schusterman, Reichmuth, & Kastak, 2000) have
shown that sea lions seem capable of establishing
equivalence relations and related cognitive abili-
ties. Carr, Wilkinson, Blackman, and Mcllvane
(2000) have also shown that people with little lin-
guistic ability could establish equivalence. More-
over, in their review paper, O’Donell and Saun-
ders (2003) also concluded that ability for lan-
guage is perhaps not a necessary condition for

establishing equivalence relations. However, de-
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spite this evidence, profound quantitative differ-
ences would appear to remain between humans
and nonhuman animals in the flexibility and ar-
bitrariness (such as across modalities) of equiva-
lence relations they can establish. Consequently,
the hypothesis that language marks a major shift
in this ability, if not a hard and fast qualitative
division, can still be sustained.

Having reviewed some of the evidence on the
equivalence task, I now suggest that there is a

plausible logicist interpretation of these results.

Logic and Stimulus Equivalence

A variety of possible explanations of the equiv-
alence task are discussed by Sidman (1990). He
discusses the possibility of an inferential account
first, i.e., the possibility that these behaviours
emerge because the relationships trained are re-
garded as instances of rules possessing inferential
relations with which subjects could be expected
to be familiar. However, he dismisses this view
because many relations, for example “is greater
than”, are not symmetric and many are not tran-
sitive, for example “lives next door to”. In con-
sequence there is no reason to assume that an
arbitrary relation possesses both of these prop-
erties.

More importantly with respect to the emer-
gence of reasoning, Sidman (1990) also argues
that the logic of the conditional, if p then g, can-
not explain this behaviour. This is certainly the
case if the contingencies trained are regarded as
rules that are interpreted in terms of the logic of
material implication (“2”). Only two valid in-
ference rules attach to the material condtional,
modus ponens (MP) and modus tollens (MT):

P2O4g,—¢q

() B

(MP) PO 4qp

.q
MP can capture the standard predictive relation
learned during the matching to sample proce-
dure but MP and MT cannot explain symme-

try. However, if these relations are interpreted
as biconditionals (“=”), i.e., if p then ¢ AND if
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q then p, as many researchers argue may occur in
other experimental contexts (e.g., Johnson-Laird
& Byrne, 1991), then all these behaviours would
be expected. The biconditional is material equiv-
alence after all. Soif Y = RED is interpreted as
a true biconditional — Y = RED — then both
Y D RED and RED D Y are true by definition.
Consequently MP on each rule gives the stan-
dard predictive relation and symmetry respec-
tively. Moreover, if Y = RED and RED = § are
true thensoare’ Y = $ and $ = Y as can be read-
ily demonstrated by truth tables (which we leave
as an exercise for the reader). In sum, a famil-
iar explanatory manoeuvre in the psychology of
reasoning literature would seem adequate to ac-
count for the basic equivalence task findings.
This explanation is not countenanced by Sid-
man, who suggests that this would be to conflate
an explanandum with an explanans. The emer-
gence of logic is something to be explained, not
something that can be invoked to explain some

more primitive behaviour:

“Our experience ... [of] ... relations tells
us whether they possess the properties of
equivalence relations. This is not a case
in which logical derivations account for be-
haviour; rather behavioural derivations jus-

tify the logic.” (Sidman, 1990: 105)

This is essentially a similar commitment to Lloyd
Morgan’s canon that I mentioned in the opening
paragraph.

However, many logicists (Fodor, 1975; Macna-
mara, 1986), who hold that logic is at the core
of cognitive processes, suspect that logic is not
acquired as a matter of experience but is rather
innate. If so, then logic should be regarded as an
un-analysable primitive — just as, for example,
the reinforcing effects of a US are regarded as an
explanatory primitive (Sidman, 1990). If this is
the case then invoking logic in the explanation of
these behaviours seems to be no more question-
able than invoking the concept of reinforcement.

That such a logicist position is not adopted by
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Sidman may seem paradoxical as he ultimately
claims that equivalence is a fundamental stim-
ulus function, i.e., an un-analysable primitive
of learning theory. However, following my own
commitment to Lloyd Morgan’s Canon, I also ar-
gue that the emergence of logic is a phenomenon
to be explained at the lower level rather than a
fundamental innate property that explains equiv-
alence behaviour.

There seems to be at least three reasons for
denying the innateness of equivalence either con-
ceived of as a fundamental stimulus property or
as a manifestation of an innately specified logi-
cal competence. First, if equivalence were a fun-
damental stimulus function then it should not
be unique to humans. Since the balance of ev-
idence favours an interpretation of equivalence
as a species-specific human phenomenon, equiv-
alence is unlikely to be a fundamental stimulus
function. This conclusion survives the more re-
cent evidence for limited equivalence behaviour
in sea-lions and linguistically impaired humans.
If equivalence were a fundamental stimulus func-
tion, there should be only small quantitative dif-
ferences in this ability between species. Second,
if equivalence is found in humans because of our
ability to apply an innately specified logic, then
pre-linguistic children should reveal symmetry.
Unlike Universal Grammar (Chomsky, 1980), dif-
ferent linguistic communities do not require the
parameters of their logic to be set by experience
— the logic of the language of thought is wholly
independent of experience (Fodor, 1975). In con-
sequence, it should be in evidence in behavioural
tests prior to the emergence of language. Since
the emergence of equivalence is tied to the devel-
opment of language it is not likely to be a man-
ifestation of an innately specified logic. Finally,
the explanatory manoeuvre of appealing to a bi-
conditional interpretation is itself suspect. It is
anomalous that a bi-directional, equivalence in-
terpretation rather than the material conditional
is adopted especially given that the material con-

ditional is more consistent with subjects’ history
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of reinforcement.

While the equivalence task cannot be ex-
plained in terms of prior experience with real
world relations or in terms of innate logical re-
lations, it may be explained in terms of peoples’
experience of drawing eductive and abductive in-

ferences. This is the possibility we now explore.

Prediction, abduction and language

From an inferential perspective, behaviour on
the equivalence task can be very simply described
in terms of eductive and abuctive inference. Sub-
jects are learning predictive relations such as
Y = RED during the training phase and are be-
ing asked to make an abductive inference when
tested for symmetry. When tested for transitiv-
ity they simply chain together causal rules in ei-
ther a predictive or explanatory direction. But
why is language apparently related to the ability
to make appropriate abductive inferences? We
now suggest that language and abduction are
intimately related because language, or its pre-
adaptations (Bickerton, 2000), allows the limi-
tations of our physiology to be transcended in
learning and forming representations of new pre-
dictive relations.

In learning a new predictive relation a limited
form of abduction plays a crucial role. This is be-
cause most often a US must be associated with
a CS that precedes it in time. The occurrence of
the US is therefore a cue to abductively infer that
the CS is a possible cause of the US. In the arti-
ficial environment of the laboratory, the relevant
CS is contrived to be the most salient stimulus.
However, in the normal environment salience and
relevance judgements (Dickinson, 1979) have to
be made in order to ensure that the most plausi-
ble cause of the US is selected from the preceding
events that are potential causal candidates. i.e.,
an adductive inference is required. Of course,
this is a potentially anthropocentric reconstruc-
tion of what a non-human animal may be doing.
Such an animal is not performing a conscious in-

ference but needs to carry out a procedure which
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has the characteristics of an abductive inference.

CS1

A(csl)

Cs2

A(cs2)

Us

A(us)

CS1 cs2  US

Time
Onset Onset Onset

. Temporal window in which conditioning can occur

Figure 3 The temporal relationship between
CS and US for conditioning to oc-
cur and its dependence on the de-

The onset of the a

CS and US causes the activation

(A(cs), A(us)), of their correspond-

ing representations to rapidly reach

cay function.

asymptote after which A(cs) and
A(us) begin to decay back to zero.
Conditioning can only occur if both
the representations of the CS and
the US are active, So, while CS2 will
be conditioned to the US, CS1 will
not be conditioned to the US.

The stimulus selected also relies on temporal
contiguity. Take for example, a dog learning that
a bell sounding (CS) predicts the arrival of food
(US). If the CS precedes the US by more than
a certain fixed time interval, then no learning
occurs (Rachlin, 1976).

has been explained in terms of the decay func-

This contiguity effect

tions of the neural representations of the CS and
US (Sutton & Barto, 1981; see Figure 3). The
bell sounding (CS) activates its neuronal repre-
sentation causing its activation (A(cs)) to reach
a maximum. Once the bell ceases, the activity
of its neuronal representation gradually decays.
Only if its representation is still active will the
activation of the neural representation of the US
(A(us)) cause the strengthening of the connec-

tion between the representation of the CS and
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the representation of the US. In figure 3 it can
be seen that this depends on the decay function
which is determined by the physiological char-
When the

stimulus is withdrawn the activity of its repre-

acteristics of the neural hardware.

sentation gradually decays. Only if the US is
presented before the activity of the CS’s repre-
sentation has decayed to zero can conditioning
occur.

The physiologically determined decay function
would appear to place a temporal limit on an
organisms ability to draw abductive inferences,
i.e., to maintain representations of possible can-
didates for the cause of the US. If the US oc-
curs more than a certain time after the CS (4
seconds, in the case of the rabbits’ nictating eye-
membrane response, for example), then the rep-
resentation of the CS won’t be available to sup-
port the abductive inference that the appearance
of the US may be explained by the CS’s prior oc-
currence. There are several species-specific adap-
tations that, however, allow this limited abduc-
tive capability to be transcended. For example,
the appetitive behaviour of rats would appear to
allow them to abduct to the correct cause of sick-
ness many hours after the ingestion of the food
that caused it (Garcia, Ervin & Koelling, 1966).
Nevertheless, animals do not seem to have a gen-
eral solution to the temporal contiguity problem.

With such a narrow temporal window on the
past, animals are limited in their ability to learn
predictive relations. Many predictive relations
that are learned involve instantaneous cause-
effect relations, like the impact of a thrown stone
causing a pane of glass the shatter (Chater &
Oaksford, 2006). However, many other relations
that humans have clearly learned are not like
this, e.g., if you put manure on a plant, it will
grow better; if you combine flower, eggs, and
sugar in equal quantities and heat them you’ll
get a cake. A great deal of “folk” knowledge
of agriculture, cooking and other practical skills
must have emerged from the ability to keep track

of possibly many chance combinations and ex-
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amining their consequences some time later. To
learn these more long distance dependencies will
clearly have required our ancestors to hold onto
the past for more extended periods of time than
the decay functions on their neural hardware will
allow.

However, a caveat is required here. For pe-
riodic behaviours, animals can exploit endoge-
nous oscillations in the nervous system that oc-
cur at many different time scales, e.g., circa-
dian rhythms, in order to time an appropriate
response (see, e.g., Gallistel [1990] for an exten-
sive review). These endogenous oscillations can
be entrained to initiate a response at the appro-
priate time.

A more general purpose mechanism may be to
elicit an explicit endogenous response signalling
the presence of salient events. Such responses
may be repeated or rehearsed thereby maintain-
ing the representations of these events over time.
A suitable endogenous response is the emission of
a sound. If this sound is associated with the rep-
resentation of a particular stimulus then emitting
the noise may activate the representation in the
absence of the stimulus itself. In this way the
representations of particular events (CSs) may
be kept active for indefinite periods, thereby al-
lowing them to become appropriately associated
with representations of their effects (USs) inde-
pendent of the temporal response characteristics
of the underlying neural hardware. The ability
to associate a sound with a stimulus may mean
that the temporal window in which an organism
exists may be extended into the past and into the
future in a way that transcends the physiological
response properties of individual neurons.

The ability to associate an endogenously pro-
duced response, i.e., a sound or a mame, may
therefore function to extend an organisms ab-
ductive abilities. Phylogenetically, the ability of
an organism to extend its learning capacities by
using such “secondary signalling systems” (e.g.,
Vygotksy, 1962) may provide the pre-adaptation

that underpins the development of language and
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interpersonal communication. Ontogenetically,
the emergence of language may provide the re-
sources required to enable more efficient learn-
ing of the contingencies in the world. As this
ability develops more explicit abductive reason-
ing would be expected to emerge such that the
neonate begins to employ the contingencies it
has learned to make explicit abductions. This
would lead to the expectation that the ability to
pass symmetry tests, i.e., the ability to make ab-
ductive inferences, should be correlated with lin-
guistic ability. And this is just what has been
observed in the work on the equivalence task
we have reviewed. Moreover, consistent with
this position, Dugdale & Lowe (1990) have also
demonstrated that when children are found who
are unable to pass symmetry tests explicit in-
structions to name the stimuli facilitates this
ability.

The view that naming is central to the emer-
gence of equivalence classes has been prominent
in the behaviour analytic literature and was orig-
inally suggested by Horne and Lowe (1996). This
theory is framed in the language of behaviour
analysis, i.e., it attempts to extend the lim-
ited conceptual framework of Skinner’s Verbal
Behaviour to account for the relation between
words and what they denote. In contrast, the
present account sees naming as a mechanism for
maintaining mental representations of objects or
events in the world over extended periods of time.

Naming may not have evolved to serve this
function but from a cognitive perspective it is
a consequence of using sound to communicate
that names should have this effect. While prefer-
ring to eschew “just so” speculation about what
may or may not have occurred on the Savannah
200,000 years ago, one can imagine naming as
arising from warning calls. Initially at least, an
arbitrary noise cannot possess a warning func-
tion unless it is paired with the presence of a
fear eliciting US or it can elicit a representation
of an object which already elicits a fear reaction.

From a cognitive perspective, learning sound-
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object pairings so that the sound can be used
in social communication entails that the sound
elicits, and so can be used to maintain, a repre-
sentation of the object the sound denotes. This
maintenance function must in turn be the prin-
ciple way in which the status of the sound as a
warning is subsequently learned in a social group.
A neonate must learn to flee without necessarily
experiencing pairings of the sound with the ac-
tual US (a predator). However, they can only
learn to make the appropriate sound if at some
later time they can pair the sound, which they
initially produce by spontaneous imitation, with
the subsequent appearance of the US. Of course,
other calls may intervene and be imitated and
rehearsed and so serve as possible candidates to
be paired with the US, but only the warning call
specific to that predator should reliably predict
its appearance.

More temporally separated events can then be
learned by similar mechanisms. For example, it
may be that the presence of the predator forces
various other possible prey animals to take cover.
These latter organisms might also be suitable
prey items for our troop of primitive language
users. Consequently, learning the long distance
relationship between the presence of the predator
and the subsequent availability of food would be
very useful. None of this would be possible unless
there were some mechanism of keeping represen-
tations active beyond the temporal limits of the

decay function of our neural hardware.

System 1 and System 2 Revisited

Extending the ability to learn by using endoge-
nous responses to extend an organism’s temporal
window on the world further into the past still
does not yet provide a reasoning system from
which logical abilities could emerge. The sys-
tem thereby created allows an organism to keep
representations of external environmental events
alive for longer. We now suggest that the next
step in the emergence of System 2 is turning this

ability inwards to retain the results of interrogat-
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ing System 1, which contains the products of the
learning process in long term memory for world

knowledge.

System 2

System 1

Figure 4 A Dual Process: System 1 and
System 2.

Figure 4, shows a possible implementation of
dual process theory (Evans & Over, 2004). The
operations over long term memory (LTM) for
world knowledge are the System 1 processes. In
the System 1 box we show a simple system of
two alternative dependencies, p = ¢q and r = g,
which are context sensitive, that is, if the de-
featers, d1 or d2, are present ¢ does not occur.
Here we represent this knowledge as a constraint
satisfaction neural network. The connections
with arrowheads are facilitatory connections and
those with circular ends are inhibitory connec-
tions. Thus both p and r will activate the g unit,
whereas d1 and d2 will inhibit it. We can think
of the dependencies under the following transla-
tion: p: turn key, q: car starts, r: jump start, d1:
petrol tank empty, d2: battery flat. This is the

knowledge acquired by learning about starting
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cars.

Once information about the external world can
be retained over extended periods, then this trick
can be turned inwards to store the results of in-
terrogating LTM. So in System 2, the first line
shows the result of interrogating LTM with the
probe p, i.e., clamping on the p-node, the result
is the activation of g-node. By the association of
names for these representations the result of this
interrogation can be stored in working memory.
For example, the result of the first interrogation
tells you that from what you know if you turn
the key (p) the car starts (¢). Another possibility
you might want to explore is under what condi-
tions you can turn they key while the car does
not start. This is shown in the second line in Sys-
tem 2 which represents what happened when the
p-node was clamped on and the g-node clamped
off, i.e., the d1-node came on.

System 2 allows organisms that possess it to
explore the possibilities implicit in their knowl-
edge of the dependencies in the world which they
acquired by learning. Oaksford and Chater (in
press) show how System 1 can be provided with
a probabilistic interpretation and how the repre-
sentations in System 2 may be annotated with
probabilities to show how probable each possi-
bility may be. Of course, in the psychology of
reasoning the notion that we reason by consider-
ing the possibilities that a linguistic expression
of a dependency may allow is a common place,
i.e., it is the core of the mental models theory of
reasoning.

Once such a system is in place it is perhaps
only a short step to proposing that people can on
occasion simply use the surface linguistic expres-
sion of a dependency to recreate just the possibil-
ities that are usually stored in System 2 without
actually interrogating System 1. At this point,
purely logical reasoning can perhaps emerge.

While at an early stage in looking for evidence
of such an account of the origins of System 2,
such a hypothesis makes various testable pre-

dictions. For example, comparatively, it would
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be predicted that the between species quantita-
tive difference in equivalence performance may
be correlated with the use of complex sounds for
communication and this may in turn be related
to an animals’ problem solving/reasoning abili-
ties. Moreover, phonological abilities should cor-
relate with reasoning and problem solving abil-
ities in humans, which is seems to be the case
(Gilhooly, Logie, & Wynn, 1999). However, the

critical studies remain to be conducted.

Conclusion

In this paper, I have argued that the results
on Sidman’s stimulus equivalence paradigm pro-
vides the key link in showing how System 2 may
have emerged from System 1. System 1 which
results from the basic process of learning allows
predictive inference or eduction that allows or-
ganisms a limited ability to predict their environ-
ment. The matching to sample paradigm showed
that full stimulus equivalence behaviour seems
to be limited by linguistic ability. I argued that
this is because animal learning processes rely on
a limited form of abductive inference which re-
quires keeping candidate causes of an effect in
mind. However, I argued that this process in
temporally bounded by the decay characteristics
of the brain’s neural hardware. It was suggested
that organisms that have the ability to generate
endogenous stimuli, e.g., sounds, that can be as-
sociated with representations of external events
and that can be rehearsed have an adaptive ad-
vantage in being able to maintain representations
of possible predictors in mind for longer. Being
able to maintain representations in mind also al-
lows people to interrogate their long term mem-
ory for world knowledge and store the results
as representations of different possibilities over
which further, more abstract reasoning processes

may develop.
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BEE — X BE-BF-3I3227-2Ya>0EEEXRDT

RUB S D IEBERY D4R

iTEIBEfEE, BBERRE, % —3>7

ek FEsL

Three theories have been proposed in behavior analysis to explain the establish-
ment of stimulus equivalence. Sidman’s (1994) equivalence relation theory suggests
that stimulus equivalence is a fundamental behavioral function caused by reinforce-
ment contingencies, and asserts that learning is unnecessary for its establishment. In
contrast, the relational frame theory (RFT) suggests that stimulus equivalence results
from previous learning regarding many different stimulus-relationships. On the other
hand, the naming theory focuses on the naming process, or the circular relationship
between the behaviors of the speaker-listener. The latter two theories hold that ver-
bal learning is necessary for the formation of stimulus equivalence. Moreover, naming
theory suggests that equivalence relations are formed by verbal responses, whereas the
other two theories suggest that naming is the same behavioral process as equivalence.
In conclusion it is suggested that analysis of stimulus function is crucial to understand
cognition and language.

Keywords: stimulus equivalence (fIEEFiTE) | relational frame (BI£RHE) , naming
(% —3 ¥ 7) | behavioral contingency ({TERlEfE) | behavior analysis ({TE)HHT5%)

1. FRUIBAEBED DT & R

1.1 REELITEORERER

[AZ%5IEB] &) BRESE LAWY, %
W IB&LITA] L) BRERLZEE, IRk
(symmetry) 25 L7z &5 9. — MY 72 BAINITE
OBED 5L, W e b OBIMWHEIRKO—Do &
Sh, ZOBROELIZEY S N 5 L BB AR A
BEINLETHA). ZO—FHT, ZOBROBRTL
EREZBRRMIRO T L W) 7T a—F ot )y
Wb,

RO — RIS, #a, HEwm, BER L%
S EARE L, Zh s oRMIREDMREZ B L
TWwa. T L, FEfmE LToRAZ BEIC
T5E0h, WEEOBMRE VO BE HITE T
BT AV B D, EOWREBDO—225, FUKH
1782 (radical behaviorism) D% & 547H)

Functional Analysis of Stimulus Equivalence: Behav-
ioral Contingency, Relational Frame, and Naming, by
Takahiro Sato (Tokiwa University).

5344 (behavior analysis)l) Thb. THHHET
&, BSE CE) T8 (UE) OBIRE G5 2
LTS #ED LN S, 7272l 2, THRD S-R
HDEHIZ, R E EDOHESE DA TLETOITE %
BT 5 &) IR Tl v (EE, 2002). 1TE)
BFEAH 2T 2 0%, EROITEIH»BROZ(L %
725 L, BEEMOEEI L > THREOITEIHE
bbb lw), BRELITHOMEMFRTHL. DN
£R1%, ITHIREMEYE (behavioral contingency), F 72
FERALBEREE (contingencies of reinforcement) &
MR, ATENCRITTERBEERA, 7% b bRl
ZEE T HEROIERI TR E END. 20X
BT 7a—FIL, OWIEEREREESIATE) & R
TEZEV) HTHHTH Y, BIERLERIELITHE
BBRBICH Z A T 5 720 BGERRENE & o T
BEEAEWES 2D, T 20X RITFEISIE
DOFeLA & ERmL, B, AR, Aoz
1) behavior analysis |& [1785#7] ERENLZ LD D

DA, RRCTIRAEE (2001) (2% B\, [FFBIHFE ) &
¥ 2.
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WRDENIDDbLTIBETH L7720, TNHOD
WFFER S & RGNS T § 5 2 L2 L > TITEI O %
I & BRSSO GHT DS REIC 72 B &\ ) RS
H5.

1.2 TEIAIREICE T 2RO A

TE M, BB % & OGS & iF5E
HAEDRSHIL T2 bIFTiER . LA, Sh
SORMBNMIHBIRETELVRANRITEIE L
THZ, BIEURLRTEE R UPHATHN T 5.
AP O ULTRELOHDYIZBVWTELS
TETHY, INHIEIRBIYICBILTRERITE) A
Mk o7-bDlEZONG. BIZIZRER, Fif
POBAEG L o 72 US ER B 2 EHTE S (L. J.
Hayes, 1994). ZO X5 IR 5 2L T, BHRE
ik, BELESBISRRRITE & FARIH R
AT R TRBONR) ORI HHTE L
NTE5.

FIBHERE &\ ) HORBAE T 56 LT,
2T W] ozl BT 5. ITEGHTE
TIIME%Z, W UL Z T 5O EE &%
FL, M ” 7 A (stimulus class) &FF5. B L,
B OB BN B2 huE, B
(stimulus generalization) \2& 5T, T 5 DRHE
DR AR T 5. Bz, DAZITHLT
[DAZ] ERETHIEEFAZTED I, HU
L7 e oMo AR, Y ATOEREIIHL
THREMEIC [VAZT] LREETS. O, DAZ
DRI T A, ThbOLENR LI LIk 5.

—77, WEEICHHENILEES R TH, ThE
NORAATEN 0 LT U R Z R0 % 5135
W TABKM L2 &b, P, A8,
FIAN—, RYFIIYBIFA R L B0, Fh
ZHILC [THE] EREFT LI b3
i, INBLIEFE RS 2R 5 & v ) Ll obhe
RO LR L. T, SNOLOTEORM Y 5
ARG LIz A2s, A 8% TREFICH 52
LEEDoTET D, THE, FIAN—RRYF
ZTEMICHMT S &) 3 LWATEIAS IR
HUD759. ZOXHC, H#r 5 AN LT
WX, 7 7 AND B 2RI ORERE DM ORI 6z
BLT HLVRMRE SOBRIAELS Z &Ik
5. 2 LTHIBY 5 A0 % B LT, 178
& A SR S hTn <L

Sep. 2008

1.3 R

ko X9 ks 5 2o, BEOREO M
BRI $T5Z LT, TROORIEAE L £
D e TATHZHIET 2560 H5. 20X 7%
BIROD AL 2 58§ B kD —>2 & LT, T80T
TIE, &R (conditional discrimination),
I 7213 ARG b4 (matching-to-sample)?) & 913
NAEFHREPHONS., ThIE, ZMEITHLT
— DD EARE L BEOLBRIEEZRRL, BA
B IS 5 B E 2z BIRSELFHE TH
5. PlzIE, TEBITH LTS Xofaz AR &
LTHRIRL, O6D%0 [wial & [RRZ] &K
e LTIRRT S, 22T, FELB0HD%D
(W] Z2BRL72a6 I hez®BOTHEibds. *
7z, A A OfEE RARBIZ L7212 [ha] o
BN LT 5. Th2RVETIET, 1208
VLD RO [V, FIDREDLAED [
21 &, WERRYSLENED 2 IR o BIER A
RVAS IR

Z0 L) RRHEOBRZ RS 5 &, FlSh
TR VERAPIRAEMNIZRTZLT 5 2 L hH b, Bl
AXEFEOMREFE L7 F 512, BRI E I
Bo# T ANEZ, 06050 [l » [l
ERARHHE L, 4 AORE A 3 Oiak HEoRH &
LTIRRTDRAGDEEIT). §5L20OTF LD
i, SN TRV 22b 6T, eI
BT BHBDBRE T CIIRT I EBH B, £72,
ERoEmA, 0oxn ([wial, [hal) &
H (TR, ) oBtfRzIl#s 5. §5LF8
biE, ZOWITIMS NABRIZT TR, 12
DIFE T O [R], A0 ETO [H] v
IIMENTOLR VRO RS Z LD 5.

ZDXHIT, HEM LI E LEE LW THIL
5 % BIARIZIRA Y BIFR (derived relations) & ML
h, ZoOBROBOIZ, 4 H, REEETE (stimulus
equivalence) & L THIZE S LT 5. FREEiTEI,
HEBORBEO—TOMREFETHI LT, h
5 ORI RN 7= BRI A 2 82T H. AT
BT Tl Z ORI E & Al & LT, Rl
R E OBGREEDOITEICED &) Bt
RIFTOMEC) BRI S, B i WL 2
LCEHE Vo LEROITH DM & HIFL T2
2) ATBYIHT TR — RIS, RARGHE % M0

—HEABL TS, LaL, RAGDEIEEOHHM
MBI TH 2 L) RS & 5 (151, 2007).
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(1L, 1992).

FIBEEmE, @, LRORREGbEFHREIC
Lo THER S NG, 9, RARGA (I LT
HM B %BINT 2L (A—B) &, RAMMBIC
xf L CHBOE C 2 #IR¥T5 2 L (B— C) zil#
5. ZLTIO®KIZ, BREEHELENL L
DRVAREDET X 2T, FEhTuzn
BROWLZ MRS S, ZOTAMT, A—>AR
B — B ® X)) ZFE—HHHEOBERIVRENIR S
B (veflexivity) DML L7z EH. £72, B~
A, C— B &) JligiR 0 J7 o BIFRATR S iz
T ORI L7z E B, A~ C &v) Bk
HIRENT 7 LR (transitivity) 2SRV L7z &
B9, 35, MHEEHEBEEED C— ABR
itk (equivalence) &IFTN, ORI H RS
N5, TANTINLOMR, T4bD5IGHE X
PRk, HERME, Mo THMEREINZL S, H
BRI, F 721355 BIER (equivalence relation)
B L7z SNb. Tz, Fli o 72RO
HFH51EFT 2 7 A (equivalence class) & IFZIL 5
(Sidman, 1990, 1994; Sidman & Tailby, 1982).

FIBEFM 2SN UL, Z S ORIIATE)IC
M UTHUBREEZRO L% 5. Thbb, i
JIAEEINDLHLMBODETHLE%ET S
b, 7 7 ANOIORIHD b & T
B LRUBAA LB X 91274 % (Green, Sigurdar-
dottir, & Saunders, 1991; ILU7, 1992). TD X9
(2, Sl 2 T AR TR S 7 A & U
ZFoTWA. Lo L, RSEHMTEE B30
f#6] D Wy BRIy i P <2 B 23 B Sl SO ) Bl
DL SN0, 1EROE Y 7 ADBEETIE
COWVEHPATE 2V, T2 i, FEEImb
AP L TR T D0 O T 52 &8
HBELPEO DL 5T VA,

1.4 FUBFEMIEDKILEETE

RAGDLEINHICL>TA—-BOBMREZERL
721212, B= A LW IHEDSEI L2k 5, fil
BA P B ISR REE VW) LIRS, IO
RO, FEE N RRE L EEOMICKT T 5 BIR
EHBL T a7, FIBEHETE LS 05 Bk
REMBEEEDOET N L AR SN TWD (FIE, 2002;
Sidman, 1994; A 1992). DI &H5H, FlHE
SO EREZ D Z 2L Y, Fif
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FREEDEBESH O PIZEINDL LEZONTVS.

LA L, MEEHT % Stk oERE L § 5% 2
T ZCOMEENZTANT VL DI TIE %W,
#i 21X Dugdale & Lowe (1990) %° Horne & Lowe
(1996) 1, MIBCEMTES SHORIETIZA S, &
LA MEEOSIETENG X o THIBEHIPE AT T
T5EERLTVD. FABATE) AR BEEAME D K
ATET A ReMEE, SEFEEER IS VTR
WS D BRALA S N o 722 & R (Devany,
Hayes, & Nelson, 1986), HIBIIK 5 2 55k IS
s 5 2 & TR O B 7 M E S 7z
Z & (Bentall, Dickins, & Fox, 1993; Eikeseth &
Smith, 1992) & EMLRKINSE. 72, B b &
MU &) REEBERER -2 EIN2HWICB
WTIE, BB E, RSN BREO LT E A
EHER I N TV AW (Bl21E, D’Amato, Salmon,
Loukas, & Tomie, 1985; Sidman, Rauzin, Lazar,
Cunningham, Tailby, & Carrigan, 1982). 2D CZ
&b, ST X o TRMESHEPEA IR LT 5 L
IHOMMEL TNTVWB. LALLM, SifstiE
Bl R S En 2 ) BRERICB VTR
TSP D S ASHERR E 7z B1% (B 21F, Carr,
Wilkinson, Blackman, & Mecllvane, 2000; L7,
1987), ©IHTH % HEWIZ B TRIBEATYEAS
J§AZ L7281 (Schusterman & Kastak, 1993) & i
ENTBY, RSO R SFEFLETH S
LV FEREDM S 7D Tl e .

LD X512, RBEFYED AR ZHUZBD
FHOREIEZHEICEINTBLY, ZoMER
IO RIS BT 2 EEGRE L ShTw
5. COMBIZHELT, fTESFATRERbDL
LT=208maeE ST b, Z1ud, Sidman
(1994) O ¥, S. C. Hayes (1994) @ BERM-H G
(relational frame theory), < L T Horne & Lowe
(1996) DA — 3 ¥ 7 Bl (naming theory) TH 5.
INSOHEIFVIND, HHZRNIBEIZ X -
THRIBEMYEDOBAL 2 FHHT 5D Tid % <, J#Ho
BRE &) BLE D S BRE R R TATEI 2 0TS B 72
DDA ERIEL TS, £ TRWML T,
CNE TIATE AT TITh T & 72 B
RhOEINOOTEELEEL L) I, ToBH%E
119. F/z, TR ENOMERIE D LB
S ORERD S, RIS L OB FIHELE D
BbDIZonwTimls. £L T, SHmOHE %W
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LCENZNOMBEN % BT, TS O ZHEE
THHERRBEOWRMEICOWTERT S, &b,
RESCCIXMEOE MRS T 272012, £8L
BIEDSIZ A o 72 2000 4FE < S5V F TOWEE H.s
[ZHEHT 5.

2. Sidman DIEEH

2.1 TEIOEKRBIE & U TORBEMME

Sidman (1994) 1, RS, BoMim
RATE R B RERIC X > TV T 20Tl % <, A
Abd, THeRID, Thefk]) % &L R U & 95 A7 BEREE
C & o THIBERST 2TH ORI B TH S & T
BRL7Z:. COFUHERE, TSN D 2 @S
D) REIE, MARFEEN 2 ATE) DM HAE
PHIEFHMTE RN LITR 5.

HBEE AP O B S RE R 0T 5 2 12H 7
Y, Sidman (1994) &, FTEyREPEE % B 912 fK
RIbT B E2RELE. T, FTHORNOGHT
HAL L SNBDIX, 1B ZOMREOMKRTH S
HREMEETH 5. 2, 1TEIC & - TH U758
ZAb (RER) 2%, MROTHOEREREL LS
5 LaRBWRTS. ZLTRHISFEE, ShEcfr
B AT B THEARW RSN L ShT& 7,
TR GEATHE) - BUS (T8 —mibs Ok
1) »ohsZHEMEY TR ShD, ZhiE, b
IR T (BITHR), L& LS (ITH)
EA otz R EwH T, Rk RUK
PZBT 2 OITEOMBUHED I E 5 2 & 2 IR
T2, BIZiE HEAOLETRIET2EZDOMH
BITHALFAHBIL, W B b & TS L7223
FEEALTF2SBLL 27 UL, ArEOATENER L
BEOITHIWT 5. O, Fli AB MO
MWW L72Z &% 5.

AU LT, RO W ZE TR
SNDEMMERR (RAGDE) 2B 2178, =
SEREREPE L2 4 PERIB (conditional stimulus)®) %
Iz 72 MIE R AR CRLE € B (Sidman, 1990,
1994, 2000). T, FFEDFFIRIEA D BIEA
AL SN DEPAEAERBI L > THES NS
BEFEE T D, SRl — Bl — SO — w5 R
LDk Eng (RAGHLEIIB 5 RARHA

3) ZfEHRIIE, VARY TV M EEDFICBIT B &M
FIP (conditioned stimulus) & 13574 %, SR,
SR E IR ENFZETLAR YTV ML %
FRTLEI MM TH 5.
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St HBOEAS T RSN T 5) . T
bb, SR AL OD L TIIRFHIE B2
95 RS AEAL S, R B2 ~0 RS I35
L3Nz, WIS, SUME A2 b & TR
H# B2 ~o UG 25L& 1, Bl A B3k
Ehpwv, LD, TA1ARS Bl & [A2%5
B2] &) SEHEOBRAINT 5. BIIE, 1 X
% RISHEICET O [R] 0B ks h, £33
& RLGE T ] OBk s, 4
X6 (K11 & Txa%s [ ORI
L7z B St R BIAIRAL L T b 2 Ll 5.
DX IZEMHMERNOBETIE, FEEDRI~D
BUBAHIZ DG 4 DR SR (GfHERIED 12X -
TZALT 5.

Sidman (1990) 480, BT Z O Y
BEREPEIC BT, SRRl & fe il o iz o
AWNT B EEZT. LaL, BRIz odizs
IELTw3 (Sidman, 1994, 2000). < DEIEND
—DIE, SIS L FRRAZ T TR L, SR
AT % & T B O 4 T O FEF O IS ilfi 2 B
BRAT B RENDH S LI DDOTHS. 1)
—DUE, DUIEREREE 72 Tld 2 < ST B )
MR L) 22 W) bDTHS. LTI,
Sidman ® Z DE IOV THHT 5.

2.2 REEEEFDRER

AL T A 7 7 AZE N LR, Dube,
Mecllvane, Mackay, & Stoddard (1987) ®FEEkA
LRIBENS. ZOEBRTIE, BHREZEROBA
ERRIZTODHEL 7 7 A (Al, B, C1DZ T A
& A2, B2, C2027 7 R) 2T 570D RAE
bl TbN:. F2, ZOITIIKILLITF
WENE 7 7 A T ISFEORILTVHws
7z, BlZE, RARRIE AL 0 & THEBHIWM B1 %
BT 5 2L KA OFRIRIZE > Tl b L, RA
FIE A2 Db & THEHEM B2 2 EIRT 52 L2 %
FORRICL DL L. ZodFEO%KIC, Bl
Bl B2 Z AR E LTRURL, koL ¥E1%
LB E UTRRT 2 RAGLET A M 2iTo7-.
T ORER, SIE I RANE Bl ORIk AN %
RUATIE B2 ORFIIGHE 2 RIRL 72, ZORRIE
I THIR S N7 & AL F A 2 o 72 2 &

BIRT % (Dube et al., 1987; Mcllvane, Dube,
Kledaras, de Rose, & Stoddard, 1992).
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¥ 512 Sidman (1994, 2000) 1%, 7 5 A ZTEIZK
BERE L2217 2 & T, OIS~
T AEENDHENED D 5 LT 2, iz o
WHEMEZ R L7298 & L C, Manabe, Kawashima,
& Staddon (1995) A5t F LA £ ¥ T2 BBk L L
TH o EBEHIFTWDE. ZOERTIZET, #il
WBLOBETHVIBEFZIL, MM B20b &
TRV EFEEFET 5 & 9 1T A2 L7 (Bl
— %], B2— [K]). 2ok, AKHEALDD
L TBl Z®IRL, AARIH A2 b L TB2 &%
R 2 AAG LR EIT o7 (A1~ Bl, A2~
B2). Zol#Tid, RARIEASER S 7z ok
LR - REL S POWEFEFET LUENDH 7.
Z2RLELLOBEFEFELTH, MEBHEuIIR
ENBEIHNTHhoTW ZOHIRICE D, HEMK
I FREORIMM OBREFR L L LZERET
TR L, —HoBERAKIE, AN Al 253878 &
NZZRFCIERVIB &%, AN A2 2348REh
TR WIEEF 2T 5 L) ko7 (Al —
M, A2— [1&D) . 2 oRilEE RSO BRI R
I TRz, BPOIHT, Bl LEE
TS L, B2 &KHE T < BUS A % -
TWRITNIEL L 2nwEEZbNA. 2O LD
5, HE & SUB ORI b Sl 7 IR AL $ % 1l g
HATRIE I NS,

F72, 0L ITHIBLCH L CTHEE O BUG % Al
T LT TIOMBEIFMICE L% 51, FMOER
MNETHLELTH, #lir 7 AT LITHBEREL
7 ORI CHRIBEF Mt R $ 5 2 LTk
5. OF Y, =IO B T b RIS A
SN A REEAREE S D (EAK, 1999; Sidman,
1994, 2000).

LA L, PSR bF2588 i 7 7 AZEEN5 %
5, THOHIREE SN TV AR WVER O RAEHE
T, HRHRBOSM 7 5 AT 5O H 0 RE
s, PIZIE, BWORAEDEFHE TIE AL
— Bl =S —5{bT, A2 — B2 »b—iftt
Bl — C1 =t —ifb+, B2 — C2 = Ub—ilt
b vozilfafTbn s, & LIS mb128
Ml S AEEND L, ZORAIIKIE LR
LT 2B TH 5720, &TOR (A1, B, Cl,
A2, B2, C2) L&, &L ClfbT o BRI iiZ
BRI T B2 Eh b2, L LEEE,
W R IEMNIH LT Z DI E AT 218D D%
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79 A (Al, Bl, ClOZ 5 X & A2, B2, C2®
75 A) BT A, ZTOFFIZOWT, Sidman
(1994, 2000) IZRD L H IZHHAL T 5. 9, K
& &AL T2 4R E L e VWilE o RS eIl 2
EiT 5L, BOxEToONE, K, Z LTl
Frat—oOKRELEM 7 7 AN T 5. L
L, ZOBICLBEORIS L LTI D7 T A
25 (drop out) L, RHEMIZZO D7 F
ADHALT B &S,

P bEo X 912 Sidman (1994) &, ISR &
TEIDIEARM WL LT, S 720 Tz <l
W OBOMICH W5 & FR L7, Mg, Hs
Stk ORI E JHFBEN L O LWL, O
R OERIE, B DSOS TR S
NBLDTHLHEBRTWE, Lido>THOER
AT B0, BABRO OO TRIBI N
TV 2 R HRER O DT % 658 5 2 BARRE 2 AL A2
FLENDZEAY.

3. BARRIEGR

3.1 BfRR&ld

ST OME TRV S b RARG b (5t
PSR FHi XL, BHENCH L 0% BT 5
V) TRMHEARE TN TEY, Thick->TE
MR SN s EEZONE. LELEDS
FIBCRIE, TR C ) Ao STRICBW T B4 2
FRVEASAL T 5. S. C. Hayes (1994) 1, JHH&ifi
P72 T L OSSO RICEB T 5Bk D &
DT, BRSO 2 BREIARRILT 5 2 L%
EThbHETRL.

Fe o X9, KBS e b oA
SRR L EZ SN TS, LA L Hayes
(1991) 1%, HIBHEAMiMEZHEE L7220 L) %7
Tua—FIEEARDH S EEH LT A, ZOHE
1, FEMEOMRIEE T~EhR&w], [~k
5], [~DFst] ELHTHY, b2 TEH
MOV ATIRA D LB TERVDTH
eV, FIZIE T~EDKREV] L) R E
ATCTHAEITAEBIYVAREN] L [BIEC XY
KEW] &) BRE2EE LA, oM
BTHDH [AITC LYREV] FIELVWEKREL
THVT S, LAL, [BIZAXIDKREN] R [CIZ
BXOREW] LIyt TAIZA LD KREWV]
EVIREE, FLTICIRAIDKREN] 2n)
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FPEFVINDIEL 2. ZOXHICRD L,
FIBEH MO E % Z 0 F F— MM 2 filH o B4R
DHMIHND Z LR TERVWEF 2L, £, %
LA O BRI R AL L7236, EEho
R OBERRIZ LT L M TIZ 2w, BIZIE TA IR
B OBt] &) BRI LW, FhEh
DRFAATEN AT TR D IS E 2B, ZD LD
% Z &h 5 Hayes &, B4 2RI OBR % W
MICERE L &9 L5 20%, M 5 A0 &ixd
FTLOAMTRRVEBRTNS, £ THIE, A
Wy I ALLTED S, FIMHEOMER, &25vidHE
R4y v =2 & U THIBSEEEZ 2552 &
EHRZEL TV (Hayes, 1991; Hayes, Gifford, &
Wilson, 1996).

S. C. Hayes (1991, 1994) 1%, #k4 2Rl o
BI6R 2 WIERYIZ AT 5 B 72 O 2 B4R (relational
frame) & W) BEEERE Lz BIRH &, kD
39 R EFHOHEAREORIL (—F 0RO b
LT ORBMIC G T AT L) &85 (S. C.
Hayes, 1994; ®J#%, 2006a).

AHHANE (mutual entailment) @ —2 ORI H
\ZBIRDSIRALT B &, OO BRI LIRIIZ
ALY 5. T, RIS BT 2 FEICAH
V5. FiPSOFITIR, FIZIETAEB LYK
& PEALTIUE, 20 MOMKRTHL [B
FALDASN] BRI THILREEFS. 2
D X912, MERPNEIEFRE DS OB [ B4R
BEOHMETH 5.

BAMNE (combinatorial entailment) @ AB
& BC M OBMRDSHA.T 5 &, ThodEE LR
HIaEORR, T4b5 AC & CA MOBFRAS
WAL . T, RIBEEITEC 51 B HER YRR
A S 5. SFMUSOFITE 2, A X B
IOREV] L [BIIC IO REWV] v R
PATIUE, TAIZC LY REN] &, [CIEA X
DAV, EVIHIBIBRPBLT LI EREERED.

BB BE D Z 1 (transformation of stimulus
function) : FIFARIIZH 2 BIRDIE L2 6, —
T ORIBHERE 1L T DOBIFRIHE > TER LT, )i
FICIER T 5. BlZiE, 2B TAIEBO®
Bot] EVOBBREFEEL, SHICHMAOL L
ThHUE TR FHLIETE. THEZ
ONPE, FMBOLETIIZOREE LR %
5. Thebb, FBMAIICOZ>NTLE L L7
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I E UCRkRE L7228, J B & BUG % #9l§
DEV) RN OEREEFOZ LIRS, B,
SAEOHEE, b DRI OBEREAMBORIHIZ Z D
FIWETS.

C OBRME L W) FFES AR 2 A S
% %%, S. C. Hayes (1991, 1994) 12X Hhid, T#h
F RO E RO L) RITEIEERT 5. T/,
PSS 14 12 547 (coordination) & IIE N 2 i
DOEHEHD—DTH 5 & W) (Hayes, 1991; EE,
2006a). ZAUIHEZIE, HIBEHGEA 2 LT
M BOPEMBD DI, BP0 R A EE % U
LT HLEBHDLEFEZ L7259,

3.2 FBICLHBFEBOBKIL

Hayes 5 (S. C. Hayes, 1991, 1994; Hayes et al.,
1996) 1, BIRMEEBHOITEICTH Y, LRI
B ThkA RO OGS L E b 2 & THRAL
THLEHHL TS, FEBE, BeEoRALED
b ) oFT, 4 RIEOBRICOWTHEN
WA A 2T 5. BlziE, BlETFEvihoan %
BVRPLZONEMERET, FELHBTOH
SWaE R s EN 2T Tk 5. 72, Bt
AW EPOR L TZ O R, BYELTE
BILEDELZ L DD, ZORIIE, FLELAE
LWHHiZS-o 22 bl enzimitds. 2ok
I RO ELIZE Y, FEHIE [HAHI—>NER
Wl & TR —4n] &) BN % BERE S
BT 5, AICH, FIZITREZDORLZ S0P D
HRLREVYZRALZY, BNV EFEAT
DFEHIMCLY, KAOBFGIBIRATR S
5. 0L BRI X VW HEMNEITER S R,
S OICHMER DA TN THEANNAE LB I
5. 7o, ORI S S DFITIThR
HZLIZEY, ZORUSITREA ZIRDE R & %
LL, FILWHETHHRV TS L)% 5.

B D B M DT Th 5 Z L 1F, Lipkens,
Hayes, & Hayes (1993) {Z & 2 %)) % x4 L 7ziffe
BIORTZE D R S NG, ZORIE, £ 197
H OB CHFMEZ RS 2 LIETE A, R
IN& ol Lal, %235 A5 LR
BHOART I Hho7z UL, FIBBE ORFRITHE
MR DONSRITHILL, BRFEMWIHEZ R~ &
HETHIEERRLTVA. OB OBROSE
L, BREO RIS E SNATHTHLI L %
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RT3,

VL bo &9 (BB T, IS 1 B AR
B EIFIEN BATE ORI IE DN THALT 5 b
DTHY, ZORFIIFEBBRICE TR S
NHLEFRINTVS, ZZLZOFPITHLT
1, P SN RAMB ORI AL T B e
R, TOEE DD LY BHELR BARATEEL & N B AR
PHHETEZVE VI HHE D H S (Horne & Lowe,
1996; Sidman, 1994). L7z4%-> T, BARFEOTHEL
WAL VHEICT AN OMEGOIEE S 2
57259,

4. x—IVTHER

41 x—3IVITDEH

BWEOWL OO TIX, FRICHETEZ AT 5
2k, Tbbi—3 7 (naming) DSHIEEH
DAL RAET 5 EWEEN TS (#1213 Ben-
tall et al., 1993; Eikeseth & Smith, 1992). Z®
TR, REEMEOBLIZBVWTIEA—I VS
VPR e tEE Rz T L wHFIEZONE LD
%o/, LaL, ZHThE, x—3I 7% H
BIITERL, TAPPICL TR ENO0%
I T 2L E DD 5.

F—=3I V7, RRICBVTIFEOR RIS
X9 5 BEML &SNS (Mclntire, Cleary,
& Thompson, 1987). L # L Dugdale & Lowe
(1990) 1, F— 3 ¥ 7 &G 5 FIES
g —500) L) —HmoRRTIERL, 4
iz BT gm 2 ER (B2 &)k
MEEELbDOEEZT. Thbb, DATERT
[DAZ] EEZBETTHRL [HAZTEENR? ]
ERIDPNTRFICD AT EI|RS T ENTELLD,
FI—=3I VTN TE/Z L% 5. Horne & Lowe
(1996) I DEZ XS HLITFHRESE, £ —3I V7T
%, W gWE A THAET% S 9 LFATH (speaker
behavior) &, %&Hi% FWTHLWIZANT 55 & F
178 (listener behavior), €L T, HDOLODHE &
DRLTHETSHIHCLTI—A v 7 (self-echoic) H
LabBRRBMRE 2 yTE L Ek L 1L, £
DA—=I VT ORFERL TS,

4.2 =3I TDORK
Horne & Lowe (1996) 1&, *— 3 ¥ 7 Z48M
2, BartoREFELOMDLY) ZHMLTHFEIND

ESF At P D AR BRI 04T 339

il

i<

5

“BH W II1YL/ B/
BLEAB\  R% S MEFam
e

1 =3V 7OBR.
Horne & Lowe (1996) & ) t(%.

ERRTVE. HHOFTIE, 2 —3I YV FIIMET
T SEE SN V). ZoOBEIE, F3HN
FEBIIH LT, [ idEhn?] 2wv) L Hics
MOLHT S VEND, ZOMGEWE RIS L
L7 THIENSIREL. THEFEDIE B
DHEEEHE, ZLTHOITHZEML gz
RCRET. oI, #Srsoikdz L
XoTiIbasnsg, ZhasiEhRshs L, 5
W5 1L (Rb, B839) &, T
BOTHOBMTIZZ L, BAZORIIE 57205
WO L ->TELAEHICRD. 2H5LT, #
ZYOGTEHTENE RS, H8TL w72
ETFITH»ERSND.

INEWFTLT, FEBRIBIRNEHOLH %
BolhlZ, CORSEHEMITLEIII%L. 20
I ZMFEOFE BT 5 SHATHIE, T
A4 v 7 (echoic) &IN5 (fERE, 2001; Skinner,
1957). CoOxIa—A v 7, FErSOFEEL L
IoTiifbshsg, 72, HONWE-LSEIRAS
THCZENTESLD, T TRS IN4H
X, BHOMEFTHRLI b2 a—4 v 7D
DOFRPREE 5. TOXH %, HOEOKSEH
WTHIDELESETHE ) HETI—A v 7 DL
VIS T, BEPATE & RIS S5 L RATE)D
HWAETHEIICRD.

MEFMBHLIa—f v 72 BB LT ELIE,
TG L Z DL 2 PR SN, R EiRs
LT (M&FATE) , 204025 (za—4v
7) TENTED. COBRBOBEIIRDHKE O
WMTHY, FEANDBTFERZERL V. LALS
OB\BEIHVEIND L, RHETTFLEDDHEEIR,
BB o7 Tl %, TREMRFIRRENT
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WARRRPNZE > THELE LIRS, THLT,
Xt & TR A BT T 50 LFATE»ES S
ns.

P bo#fiefcrbix, MEFTE, a—
A v 7, HLFTHO=Z>0782#EET5. 2h
SOTBHAEVICEHELH) 2 LT, [Wawz i
VRS SE IO A I = R E B R =R Ry O
WERL] Lvd, K1ITRT X5 RBRIROEERD
bRbA—IVIPWNT D, Thbbi—3I v
Lk, SeREE (B FA7H) L SHEERD GiLTF
178h) 2EFEMN (23— v 27) 12X THE
TBMRES A D, DL =3 VIS
EhbE, TN R SRR L LR
ENTnEng. E5612, BRIE->TA—3I
TIERBITBEILL, FEE2EDRVD ONEZL
THLEZLNTNSD.

4.3 Fx— I 2T ERIHEMmNE

Horne & Lowe (1996) {Z XML, #HEOR% 5
ISR LA 20T 2Rl b b &, Thb
ORFLEFA—D A — I ¥ 7 OBRBERICE I D &
WL SR, 20X ) kit — 3 ¥ 7 (common
naming) 2 & o T, FREEMPED T2 LT
W5, BIZIEHBFELH, MIEOM, 75 HhT0
[vn], TLTETO [ IGHLT TEa] &
BETHIEEFHLETAH THIZIYH21C
AT LI TER] LWIHIFHESE, W, A5 H
Fo I=v], By ] PEor—3 270
BHRICEENL 2 LIRS, 22T, HIZITHETD
(Al = BAREE L, #RoOKE, =MF, g
¥, MElBie 32 WAGbERELTo2 L
LE9. 7rLZoFEHIE, ZoORKMH TH]
DHET[E2] L) AHIZHEEL GELTFAT
B), HAPES L0 EME, O
AIEY HMZEIRT 2 (& FATH) . ZORRE,
[ GEF) —M (1) | Lvw ) B/RPETLS %
D, DX IO DRI AELED
F—IV7OBRICEENL E, ORI
IRAERBISR (B 2 D RBEENOBFR) DT 5.

& 512 Horne & Lowe (1996) 1%, Hl#4 %
BINICHE T4 Y I N— V%A =3 V7 (in-
traverbal naming) {2 & o THRIBEHG A KA T 5
BREIZOVWTOEMLETWS. A ¥ b F/N=Lk
&, BIZIE TICEAHD] Lv ) il 5-z oh
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TR TAL] EBEZB L9, AT 5 St
ZEoTHIMEN, ZBhr2ZOFiEHMHME 3B
AR L FEMETH S (R, 2001; Skinner,
1957). TDA4 ¥+ FN= LB ORI O R
WAL U, ENENROA—3I Y 7 PEEE LTl
MM T B 2 W2 5. BIZIE, FEBHAS
M L RV OBRE FE T LR, Thehil
LT ITL2K] & [dHhl &) oA %A
F72254. E5I, TOTODOZLFORIZA ~ b
FON=NVPIL, L] EWIHIHBEORES
PIPHRE 2o T [Hh] LI RFVTESL L
ozl $h THE [NAEEY AL [La
I &8 GELFAE) -BHFTHRSLE Ly
<) ZHL—= Tdh] EEH (4 FFN—20)
—SHATRELL (] 2HL vtz #iRg
% (BEFATHE) | EVo2BRISKILT 5. ZOfE
X, AT L ROMOBBRIEL TSI LIk 5.

HEFITE

2 B4 — I 7T X BRSO L
Horne & Lowe (1996) & 1 2.

UL E® X 912 Horne & Lowe (1996) %, $—3
YIERELFLEHEFORE (TabbEHEEM
L ETEER) AHELATEIEE R, ZhiZkoT
B OBIRDIEAL T 5 L L7z, E 51T 5I,
A=V T FOSHETHOEARLEL, h
WZHEOWT L) BELRSTHITER A 7 3 — DR
ZOVTHIT 5 L2 REL TS,

5. HIEROLEE & iREd

5.1 HREBHROFEED
AT 2 FE R =0 e T LD 5
ERDEH %D, FF Sidman (1994, 2000) D
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FERTIE, S5l 7 BAARIIATBIRE R 0 ZE AN 7 bR
ELT, f, RO, WALT & o 22 BRI
THEBMSNTN 5D, BRI TIE, RS
PR UM ZAMHE OBRO—D 2 h, D
&9 BRI DAL I SRR BB X 5 A ERER
PLETHHELENTVE, FLTA—3I VIl
TIE, H#E SEROSOMICH & F478) & 55 LFAT
Ao % 5BROBER, $2bb A — 3 ¥ 7HRAL
THIEILY, RBEEMESL TS EEZ bR
TWn5.

HZHHOMOMHETIINL 29D B2, £odD
LLTCZZTRUTO3IREDITA. 1T, &
QEELMEME LT, SR AMObRE % 54T
T B7ODIERPADENDDHITSNS. Sidman
(1994, 2000) 13, FFERRHE MET BRI, 5
Ko ZTHBEEE T R < UIEBEREE (2L T, 25
’%‘m@imﬁﬁ?ﬂfﬁﬂ%é\&bfﬁlﬁlﬁﬁﬁ) C:%d<
ﬁi‘ﬁ’ﬁ:k%l/“(b\ .0, AR =

iﬂ%*ﬂ?%ﬁ?ﬁ@ﬁ%ﬁ%ﬁi(ﬁﬂk L“C K’]‘ﬁ’ﬁ‘é
gk%k%LfWé ZFLTA—3I VY FHEmTIE,
Sih & IR O LA RE & PR T B 72 0 O FEARHAL
ETAHIENPREINTVS, FHFHOE 2 O
R, FEHOLERICHET 2 AMOENTH 5.
Sidman &, FIBEHHPEIEATBIBEAEEC & o TEEE
W HELTEY, FHROLEREBEL TS
—F, %5 ZO0MEHTIE, WIEHoOSHEINRH EQ
REORFEZTER TS LTEETHLEINTW
% (Clayton & Hayes, 1999). % L CH 3 O

I, SERROG & RO BERIZ D W T DR O

L‘T%Zo Sidman D ¥y & BIRFBERE, N5
W & AT O BARE RIS AL Btk & W U b
DELTHEI D, A—3I Vv 7HHTIE, MHIRS
DOMFIIELD DL ENTWS (Horne & Lowe,
1996). LIFIZ, o ohEmicfE L <, 4%
FOBESC T RO W THELET 5.

5.2 RUBEMMY & WFEOEE

Sidman (1994) &, HBEHM L 2 AW 2 17H)
ML, m®@ﬁm&ﬁﬁkﬁ$ﬁmﬂz%ﬁ%
BEL TV, HE, RGO BB b 247
IS E oM TR TER SN EEZ, Ih
VTR B R AR e E OIS K o> TR S
HREMBETH D LBRT WD, FESIS, IR
PRI 2 2R S OB 2RI EEL S X

ESF At P D AR BRI 04T 341

5. LaL, FEHOLEEZGET B0 RIS
LTIV OhDEMEHITONE. TDO—2IF
RIS OB AT e b DAL O BhIC \/‘Tlﬂ
HHOPE V) RHTHSL. L, FBMEMEDTRIL
IRl & AR AR 2 T8 EAE 2 51, & MLt
DTS T HBWNAES IR T 5 L Bbhb.
LA LidsE OB EBROMERDPHF 2L, Pl
b, MBS E L E R U X ) 2R E 5
Z &R L TIEEEM AT 2T 515 (Clayton &
Hayes, 1999; Horne & Lowe, 1996).

51T, b LRIESEASTEIRE M & o Tl
BHALT2%013, e MIBWTH ZOWA
) ELOPLRWEENDH LD REE S5,
C OMEIZOWT Sidman (1994) &, SCIREIENIC
LBHEHEToTV S, ZRITL D L, BN
FHETHIIBLT 575, £ DREDOIIRIIRILIZ
Lo TZOHMRBTONL I EDRHEHE V). T
DIMRORFNZF BRI L > TR E NS 720
AN & o THRIBEHIED B EAE L B 2 &1
%A, BVRZ D% 5, FEREBUIRBEHMED K
VESLLTOTER S, WIHTET L L) OB
Sidman DE 2 Th5s. b LI OERIIELITIUL,
FEBMOZLWIHRE D D, HBROBELZRAD
75 DSBSV 2R T A RIS B EE R SR
. LaLZiud, #EoHRIZET 2 H7ERRIC
FJE$ % (Horne & Lowe, 1996).

—7J7, BARREEEGR & A — X Y JHEERICB VT,
AR O 24 R BRSNS i D A2 B\ T H
EEZLNTWAD. ZOWREEIE, FL&b ok
Mo T EBITHIE %% AR DAL % 2 & (Lipkens
et al., 1993) 26 FESN L. Tz, b MUAOH)
WIZBWThH, FEIT X o TSR AL T 5
THEMEAER S N T 5B 2 L b RELOTRBME & /R
§%. Schusterman & Kastak (1993) 7 ¥ 7 ®
BF7E%, Yamamoto & Asano (1995) ®F /3~
T—OWETIE, MBEEAIRTsZEIZLD, &
NS OBERRIZ I3\ TIRAE M 2 W RO L 25 RE
ENTW5. ZOFEFER, BRI THEHINT
VB AEREBIC L A AENNUOTER E T 5 &
ER5.

5.3 SEICH T 3XFRBF & RIBREOX T
PR & UG OB b Al 2 BIFR 2SI L 95 5 & v
9 Sidman (1994, 2000) O FHRIZHEZ X, W5
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HFRISOMBRTDH 5 42— 3 v 7 b S
D=L ENE. F7z, F—3I VLo THIESE
MPEDK AR S NS Z LI2DOWTH, HFEfbs
N7 BUBIZ & B RIBEFPE OB & LCHY 5 2
EDTEL. Thbb, FBMISH L THREDE K
IBDSR END Z LTI ORIE L FE RS A %
N, 5T, HEORKRD b & TH UEFR RIS 7%
ENBIET, INHDOMHOMDOBIFRAIK L7z
LWV T hD. T BRHEERICBVLTD
x5 & 440 O BIFRIRIBERETTE & MBS, SFRLe
W) OO —D2 & E 2 5T 5 (Hayes,
Fox, Gifford, Wilson, Barnes-Holmes, & Healy,
2001). T ® & 912 Sidman O & BFRELELRR
M,ﬂ%%t%m@%%iﬂﬁﬁkﬁiTéﬁiﬁ
IR EBERICFH L ERAINTWS

SRR LTA— 3 V7 HERTIL, ﬂ%ﬁ%&%ﬁﬂ
DORRIE, FIBHEOIRENHERE R L DEE R
5N Tw5. Horne & Lowe (1996) I%, %Hi% [
WO G 2 AR O A HNIE T H 2 DI
L, Mz Tz S ) BOATNIIEF S Th
BHIIEH L7 Com»oiEsI1E, W5 s 4
DRI IS FBR TR VW E SRR L, M

R RE AT 5 Z &4 5 5B & 6] U 5B
WZEoT, 2= IV /OB EHHTLILIETE
LWEFEEL HHI1EEFOLET, RKMZ A —3
YT OBRABFEICL o TSR, TOF—3
7 OB & o THIBEHMEATEIR S N2 B % &
L7

Horne & Lowe (1996) O Z D% MFEYT % 728

i, EBNCBIT A A — I v MR L& S
X?T’/E‘Z@E@%’?:E)?Tlﬁ CTBUENRDHLIEADH. Fli
WS DFNHEZIL, HEFTHZRTILPTE
Tk LFATE 2 45 L T v, Hlissb
PZRT I EDPRTERNWI LIRS, T, Lowe 5
HEDZ I OWTHRGEES 2 —EOWfE 2 To T
% (Horne, Hughes, & Lowe, 2006; Horne, Lowe,
& Randle, 2004; Lowe, Horne, Harris, & Randle,
2002; Lowe, Horne, & Hughes, 2005). %)% %}
RIATDONIIN S DIfFE T, BROERERED
RoOWAHE L LTSIz, EBREEINSD
WA ZDOOH 7T =125, & T T) =2
BT B A ERE L. ELTSMBICR LT, #
RENTRBIFIET 242 S L LT
THOIFe, FHEfEE LToamh % lhe/-%
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2T 20z IR S 2 5 [ & FATE O
A Tb Iz, 2D X HIMO%KIS, HEOLE
FIBOmA» S, RARREF LS 024 TRIRS®
b EVH) TR MTbI. R E F 4RO
FlE s CEIRS UL, ek 73 —
(T b BRI PRV L-E TR 5. ZOH
R, A LFATE) & B & FATBOW ) 25 LR
ZBWT, AHNCHEDS AT T — DL HER S
7z (Lowe et al., 2002; Lowe et al., 2005). L2
L, %%%ﬁ@tﬁ% LTwiviitid, 2o
H17TY) —IBAL L% o 72 (Horne et al., 2004;
Horne et al., 2006). U, A LFATE L& T
TEH %540 —3 V7 OEID, FIEEMPED K
VAL VI A= 3 Y IHERORREY LT 5.

LA L, 7z2& % Horne & Lowe (1996) 25F5R S
LMBEBETHA—IVIBWILL, ZLTIHI
Lo T ORI THELTH, F—3I
7 HHEEEME O RSB TH B L VAR S b
T, SRETEERN S LA OBWIZ BT
HIBEEAYEASOL L7z & v ) 2 — 3 v ZF OB %
BET S &) HIRE (Carr et al., 2000; Schuster-
man & Kastak, 1993; LA, 1987) 1%, FFLoHA
TEDLHICHBEINEDES ) H. S HITHRIE
Luciano, Gémez Becerra, & Rodriguez Valverde
(2007) 2% 1 Z DI % 3 GUTAT o 7 MERT AT ZE LS
L0, EFEEEED A —I VSRR LTS
Th, ZMEIFEMEL R L2 LG s h
TWwa. ZOERTIE, ML 15~16 Ok

IZBWT, WWE BI040 % 5l
We LTy silie ILW—5h), &5
WIS & 2 5400 % HE T O 5 & #1382 IR
(BHi—=xt%W) Birbhiz. 2 OMFBILRO IR
EEBREPEACTHRYELEZA, BRI
LR 2 IOR SN TZOLHTTH 5 E I
ZHIM SNz IR —%NH) 720T, FERHET
B B AN E VRIS, ZHISHIRT 25 % %
HAEWI) S TATE (BET—%M) 2RLA &
512197 HOB TR, 2 OSMRIEH R
FTAHERNEOBS (ThbbikLFTHE) & £72
BERLTORVIZE 2 2b b, M E w7z
RAGHEREIT BTt R Lz 2o
WIZERERL S, =3I VY VEHBRTRRON TS &
I LT Tz ELA—I YDA L Tl
Th, HrFHHEHENB DM OFER, Sl
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W OB AL 2 W REMEAS S 5 L iR &
N5, SHICZOMERIE, AN X 23R4
DFFRIZ & o T, FEEEMOREEITR END &
W) BRI O EiRkE XFT 5.

Luciano et al. (2007) DFERFERS A —I V7
HEIC—H L b o 2HBo—2 L LT, BMED
B R D e WV INIFSEE 2 1T o T 2T R A5
TE5hb kv, LaLA—3I Y 7EERICER
X, SOBMBD L) IHCERETIE, TH%HFE
IRYHNCNMN 232 T2 WHIEEIEE A L RnE
%z b5 (Luciano, et al., 2007). Z D&,
B SR ORERF DRI MM O BN BT B HTIR &
LBDONE) VDRI T B L) HTIFFICEET
HY, 5%, 2 HICFAKOERNIIRI THI S 4
Wndb.

6. XMLD& ZIERO R

6.1 XFRMEDRLIL & HEhiE

TS, O T BN %2 a3 212 d 725 TS,
SO DL ZEREHO 2T 5 2 L8
BICEEL 25, ThEToe NSO %5t
RUTL72E B 1%, HEREORIIER ST
BH00, WAHMEOEITIFITE A EHRIN TV
W (21X, D’Amato et al., 1985; Sidman et al.,
1982) . L724%5T, & LB TRFREDL
VT A TODEMHHS I ENRIUE, ENAHIEL
SMYE D BT IC B B PLEMN R TH B W hElk
BWEEZA. ZOMEIZE LTI, Schusterman
& Kastak (1993) DR S HMEDFHIEED
EEESEH ISR TWE, 22T, hofikeis
LHTH ZOMFEL ABOBEIBRLN LN E D 2
EWHRTHUENDH L7259,

C ORI BED AL b TR E LT, HH
# (exclusion) DR VAEBEN TS, PHlF &
1, RHORAREATR ENHE1C, BAok
RS % T TR O B A BIRT 52 L ThH
% (U7, 1992, 2001). H 2L, [ K= dog] &9
Mz Z 72 FEBITH LT, 8] Lv ) KA
TR EAREE UCTIRRL, B E LMo
I TH 5 [dogl ERMOHBTH S [bird] %
RRTDHRAEDEEITo/ETH. 22 TTHED
A%, RO WEAIEL Tbird ] %3N L 72 7% S PEMbA:
DAL L7z E 3B, @IS, TA 251X B) 3%
OMBERTHS [BROIEA]l #2HELTHaRW,

ESF At P D AR BRI 04T 343

TD720 2D L) BB OBALIE, [A T
%5 BTV, L) PO LETH ),
AU Lo TR O—3— s 2 TR S h b & %
ZHN T3 (Yamamoto & Asano, 1995). Z L
T Z OHMA D WLFEA, & b DAL OB TR
DAL LIS WHRTH 2D H 5. 2 OXFR
WL AR O BRICOWTIE, 4%, WMo
IR E SN BB & 2 BRI S S 012
THUENDH L. BIZIE, R & Pef 2 SRS
52 LT, & MS OB T b RBEHE O B A
IRENBEDEDPEFRL EVIWMREIEZONS.
t DA OB TS FPEARAZL LIS wZ &A%
WESNTW2E—HT, L oIt LS, il
LD SUHEDHT VR LR T W EPHAISN
Twa., iz, RAZHHICL 7 Bentall et al.
(1993) DFEBETIZ, BT A MHAFHIET
A MIBTBBMERPMRNZ LR SN, £
7z, Lipkens et al. (1993) O#FFETIE, &ML
HERBMEL D HEITHHEZEE L. ChbnZ e
o, b b EZNDUAOEY) TIIIHIEDORICE
WCH LD RENDHD L TR L. ZOEIMEL DR
WEHRT B2 &b, MRFMPEOWILIZB1T % %
K%2BEICT 5 L TRETHA ).

6.2 SHEOIARZE

SLTHY FIF7-Z20B5E, Wb filig
MR SR TENC T 2 ML O R R E 9 <
HBTE % L 3N T 5 (Clayton & Hayes, 1999).
ZFNENOIGIIN LTI, 074w,
HiftE 7 EOBEDS TR E TITHY E LKA
fibhT&7. LT, ®mETIEIEHEHREMEET 5
O DEBREEL TR TW5S, Lo L, Jligss
fiPEASE ) 2o THALT D0\ ) BIREICDOWT
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The concept of symmetry in behavior has been extended from its original focus on

bilateral symmetry of the human body to the role of symmetry as one of the defining

characteristics of equivalence relations. Without symmetry and equivalence relations,

what people refer to as classification, symbolism, reference, representation, and se-

mantic meaning would play considerably less significant roles in verbal behavior and

language.

Keywords: Equivalence relations, conditional discrimination, language, representa-

tion, reading comprehension

As is evident from the papers in this vol-
ume, the concept of symmetry plays an impor-
tant role in several sciences, philosophy, and the
arts (see also Hargittai & Hargittai, 1994; Wade,
2006). In Psychology, although instances of sym-
metry were noted even in early studies of bilat-
eral transfer of learning (Volkmann, 1858, cited
in Woodworth, 1938), symmetry did not achieve
status as a key concept until recent years when
it was recognized as an essential feature of equiv-
alence relations in behavior. Before that de-
velopment, discussions of symmetry had largely
revolved around behavioral phenomena related
to bilateral symmetry of the bodies of humans
and other organisms. Along those lines, perhaps
the most generalized modern discussion of sym-
metry in behavioral science has been Corballis
and Beale’s (1976) analysis of the role of bilat-
eral symmetry— and asymmetry — in our ap-
plication of the labels “left” and “right.” They
pointed out, for example, that a perfectly sym-
metric organism, bilaterally, would be unable to
apply those labels to itself or to objects in its

environment because for it, left and right would

Sarasota, Florida, U.S.A.

be equivalent. Because we are nearly although
not perfectly symmetric bilaterally, we run into
problems when we create situations in which the
left-right distinction becomes critical, as in dis-
tinguishing certain letters of the English alpha-
bet (b and d, p and g, for example) or in re-
sponding to verbal travel directions.

In the introduction to his book on symme-
try, David Wade, not a cognitivist or a behav-
ior analyst but a designer, states, “Symmetry
precepts are always involved with categorization,
with classification and observed regularities... .”
(Wade, 2006, p.1). Categories and classes are, of
course, products of our behavior — we categorize
and we classify — and Wade’s unquestioning ac-
ceptance of the role of symmetry in the process of
classification was a remarkable intuition. Look-
ing more closely at classification, we see that with
respect to the particular characteristic that de-
fines any class, the class members are equivalent
to each other. Mathematicians, acting on their
own intuitions in their formulations of set theory,
have postulated symmetry as one of the defining
features of equivalence relations.

In turn, equivalence relations are at the heart

of symbolic reference, both linguistic and non-
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linguistic. Indeed, we often react to words and
other symbols as if they are the things or events
they refer to. For example, an extreme but not
uncommon position holds that “To say it is to
do it,” and we hear of killings in response to
verbal insults being justified as “self-defense.”
The treatment of linguistic forms as equivalent
to their referents does permit us to understand
the words we hear and read, to work out three-
dimensional engineering and architectural prob-
lems in two-dimensional space, to solve quanti-
tative problems in many dimensions with pen-
cil and paper, to choose travel routes on maps,
to plan ahead, and to think abstractly — all of
these and more by means of words that are spo-
ken, written, or thought in the absence of the
things and events to which they refer.

The study of equivalence relations, then, leads
directly into matters of classification, represen-
tation, and reference. Mathematical set theory’s
definition of equivalence relations (see, for exam-
ple, Gellert, Kiuistner, Hellwich, & Kastner, 1977)
offers a means to evaluate whether any particu-
lar relation is also an equivalence relation, and
suggests a methodology for studying how equiv-
alence relations play a role in some important
features of language. Let us look at a technique
that is commonly used to teach simple vocabu-
laries — or as a vocabulary test — and then let
us examine how the mathematical set theory of
equivalence relations can help to evaluate what
the results of that technique signify.

Whether used for experimental studies or as
a procedure for teaching or testing reading vo-
cabulary in schools, the technique is often called
arbitrary matching to sample. For example, the
word “red” may be dictated as a sample and the
student is then asked to select the matching color
from a group of several different colors. Because
the color names have no physical features in com-
mon with the colors themselves, the relation we
have established between those two sets of items
is arbitrary. Once a student does this arbitrary

matching correctly for various dictated sample
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color names, we are strongly tempted to conclude
that he or she “understands” the color names.
We know, however, that we can teach that same
or similar performances to monkeys, dogs, and
other nonhuman animals. Would we want to
say that they, too, “understand” dictated color
names? Have they really learned the same things
that our students in school have learned?

What we actually observe in all such instances
If the

sample is “red,” then select a particular color; if

are conditional or “if/then” relations.

the sample is “green,” then select another color;
and so on. The color to be selected is condi-
tional upon which word is the sample. There
is no doubt about the conditional relations; we
observe them directly in our student’s behavior.
An addditional way of interpreting such obser-
vations is that the corresponding auditory words
and visual colors are equivalent to each other,
that each word/color pair forms an equivalence
class. Because we ourselves — teachers, experi-
menters, ordinary humans — know already that
color names and colors are equivalent, we are all
too likely to assume that such equivalence is also
true of our human and nonhuman students who
have learned the conditional relations. Unlike
the directly observed conditional relations, how-
ever, equivalence relations as such are not imme-
diately visible. Conditional relations, by them-
selves, need not involve any kind of classifica-
tion; they do not even permit us to infer a class
that is to be called “color names” or a class to
be called “colors.” Our question, then, is how
to determine whether the conditional relations
that our matching-to-sample technique makes di-
rectly visible are also equivalence relations.
Suppose we attack this question by first asking
our students to perform a second task and, if nec-
essary, teaching them to do so. We present the
same dictated sample names to them but then,
instead of asking them to select a color, we ask
them to select a printed color name. When they
hear “red,” they are to select the printed word,

red, from among other printed color names; when
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they hear “green,” they are to select the word,
green, and so on. With the students now match-
ing dictated words both to colors and to printed
color names, are we justified in concluding that
they understand the meanings not only of the
dictated words but of the printed words also? Do
we now have three-member equivalence classes,
each class consisting of a dictated word, a color,
and a printed word? Are each of the supposed
members of a class — including the color and its
printed name — also equivalent?

We can determine whether all of the condi-
tionally related items are also members of an
equivalence class by using the set theory def-
inition of equivalence. Let me say in advance
that we have found (using other items than color
names and colors) that monkeys and other ani-
mals, when tested for equivalence relations, are
not often doing the same thing as most school
children even when they are performing exactly
the same arbitrary matching tasks. It also turns
out that the absence of symmetry in conditional
relations plays an important role in making seem-
ingly similar matching-to-sample performances

actually different from each other.

1. The Equivalence Relation

In the arbitrary matching situations described
so far, we present one of many auditory color
name samples — al, a2, or a3 — along with
several comparison items, for example, patches
of color — bl, b2, and b3 — or printed color
names — cl, ¢2, and c3. The comparison item
our student is to select is conditional upon the
particular sample that is present at the time. If
we specify the general conditional relation be-
tween samples and comparison items as R, then
we can symbolize the conditional relations we
have tested (and if necessary, taught) as aRb
and aRc. Similar conditional relations, involv-
ing many different kinds of samples and com-
parisons, have been successfully taught not only
to normal and to developmentally retarded hu-

man children and adults, but to monkeys, chim-
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panzees, pigeons, sea lions, dolphins, and mem-
bers of other nonhuman species. When we then
ask whether those conditional relations are also
equivalence relations, however, we do not always

get an affirmative answer. How can we tell?

Table 1

The Equivalence Relation

Equivalence Relations must be:

1. Reflexive: aRa, bRb, cRc

2. Symmetric: If aRb, then bRa; if aRc, then cRa
3. Transitive: If aRb and bRc, then aRc

Table 1 summarizes the set theory definition
of the equivalence relation. Any relation R must
possess all three properties — reflexivity, sym-
metry, and transitivity — if it is to meet this

definition of an equivalence relation.

1.1 Reflexivity.

The reflexive property requires the relation R
to hold beween each tested element and itself.
If the relation were, for example, “opposite,” re-
flexivity could not be satisfied; an item cannot be
the opposite of itself. If R were the general con-
ditional relation — if/then — reflexivity would
require aRa (if a, then a), bRb (if b, then b),
cRe (if ¢, then c), and so on to hold true. In the
examples given above, with the dictated sample
word “red” our student would select that same
word out of several other dictated color names; if
the color red were used as a sample, our student
would select that same color from other possible
color choices; with the printed sample word red
as the sample, that same word would be selected
from several other printed color names. Our stu-
dent would match each item to itself, a result
that is often called identity matching. Identity
matching differs from arbitrary matching in that
the items to be matched must contain some phys-
ical feature in common, like color, shape, size,
location, orientation, and so on. Successful iden-
tity matching, in which physical features of items
are matched to themselves, is the behavioral def-

inition of reflexivity, which therefore conveys the
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notion of sameness.

1.2 Symmetry.

Symmetry requires the relation R to hold bidi-
rectionally between each pair of related items.
For example, if sample al is conditionally related
to item bl (aRb), then if bl were presented as the
sample, symmetry would require that it be con-
ditionally related to item al (bRa). Symmetry
therefore requires the sample/comparison role of
each sample and its related comparison to be in-
terchangeable. A student who has learned to se-
lect the color red upon hearing the dictated sam-
ple “red” (“red”Rred), should then also select the
dictated word “red” when shown the color red
as the sample (redR“red”); after learning to se-
lect the printed word red upon hearing the sam-
ple “red” (“red”Rred), the student should then
select the dictated word “red” when shown the
printed word red as a sample (redR“red”).

If tests for symmetry prove positive, students
will demonstrate conditional relations they had
never been explicitly taught. If the conditional
relations the students were originally taught are
also equivalence relations, the symmetric ver-
sions of those conditional relations will emerge
even if the students had never had any previous
experience with them. This generative character-
istic of symmetry will not be found if a is related
to b, and b is related to a, but the two rela-
tions are not the same — if R does not signify
the same relation in aRb and bRa. For example,
in the order relation, comes before, aRb signifies
that a comes before b. Here, b will also be re-
lated to a, but bRa will signify not that b comes
before a but, rather, that b comes after a — if
a comes before b, then b must come after a. In
a sense, a and b are related bidirectionally but
the ab and ba relations are not symmetric ver-
sions of the same relation. As Green, Stromer,
and Mackay (1993) have shown, order relations
are asymmetric.

Hayes (1991) proposed the term mutual en-

tailment to include all instances in which aRb
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implies bRa even if R is not the same in both.
In such instances, however, as in the relations
comes before, is larger than, is the uncle of, and
so on, the entailed relations bRa require previ-
ous experience — prior learning — before they
will emerge from aRb. That comes before implies
comes after, that larger implies smaller, that un-
cle implies nephew are logical truisms that never-
theless must be specifically and directly learned.
In contrast, if aRb is symmetric, the derived re-
lation bRa will emerge even in the absence of
any prior experience with bRa. Symmetry, there-
fore, as a property of equivalence relations, can
be seen as at least one source of behavior that

seems to have had no learning history.

1.3 Transitivity.

Reflexivity requires the demonstration of the
relation R for each individual item in a supposed
class. Symmetry requires that the relation R
hold bidirectionally for each pair of items in the
class. The third property of an equivalence re-
lation, transitivity, must hold for the relation R
among any three conditionally related items that
are also members of a class.

In the simplest symbolic representation of
transitivity, as in Table 1, we see sample items
being conditionally related to comparison items
(aRb) and then we see those comparisons being
used as samples and related to a second set of
comparisons (bRc). For example, if sample al is
conditionally related to item bl (aRb), and if bl
were then presented as a sample and related to
cl (bRe), transitivity of the relation R would re-
quire that al be found related to c1 (aRc). The
result of establishing the first two sets of condi-
tional relations (aRb and bRc) is the emergence
of conditional relations in which the original sam-
ples, a, have become related to the second set of
comparisons, ¢ (aRc). If the conditional rela-
tion R is transitive, a student who has learned,
say, to select the color red when given the audi-
tory sample “red” (“red”Rred), and then, when

given the color red as a sample, to select the
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printed word red (redRred), will then also select
the printed word red when given the auditory
sample (“red”Rred). Note that transitivity, like
symmetry, brings about the emergence of condi-
tional relations that the student has never been
explicitly taught. Thus, transitivity, like symme-
try, moves from its status as a logical construct
into the field of behavioral analysis, where it be-
comes an empirically verifiable behavioral pro-
cess.

Even if aRb and bRc are different relations,
they may still give rise to a third relation, aRc,
and the third relation may be different from both
of the others. In such instances, the third rela-
tion cannot be said to emerge via transitivity; the
original relations would be neither symmetrical
nor transitive. For example, if aRb denotes that
a is the uncle of b, and bRc denotes that b is the
father of ¢, then b will be the nephew of a (bRa)
and ¢ will be the son of b (cRb); neither of these
relations is symmetric (nor are they reflexive).
The third relation, aRc, will still emerge from
the other two but not via transitivity; aRc will
denote that a is the great-uncle of c, a different
relation than any of the others. Hayes (1991) has
suggested the term, combinatorial entailment to
refer to the derivation of aRc from aRb and bRc
even when none of these relations are the same.
Without transitivity, however, none of the re-
lated stimuli form an equivalence class. Although
combinatorial entailment and mutual entailment
may summarize logical aspects of relations, the
formation of equivalence classes is a behavioral
process that must be defined by behavioral obser-

vations of reflexivity, symmetry and transitivity.

1.4 Testing for equivalence relations.

The conditional relations we have been using
so far as examples are somewhat less direct than
Table 1 suggests but they serve more directly to
illustrate the role of symmetry in the derivation
of transitive relations. Instead of using the rela-
tions aRb and bRc to establish a basis for tran-

sitivity, our examples have used aRb and aRc.
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Figure 1 shows this more clearly and clarifies

how symmetry may be involved in the test for

transitivity.
B
COLOR
PATCHES
AB s
4 | A
g |
DICTATED £A
A COLOR » | !
BC| |cB
NAMES w
CA [
N
N (I
N |
ACN_ v
PRINTED
COLOR
NAMES
C
Figure 1 The items in boxes A, B, and C are

colors and color names. Arrows
connecting A, B, and C point from
samples to comparisons in condi-
Solid ar-
rows represent relations the sub-
ject has already learned (AB and

BC) or is explicitly taught.

tional discriminations.

Broken arrows represent rela-
tions that emerge via symmetry
and transitivity if AB and AC are
equivalence relations.

In Figure 1, we have three sets of items: dic-
tated color names (A), patches of color (B), and
printed color names (C). Arrows represent condi-
tional relations between pairs of stimuli, with the
first letter of each arrow label denoting a sample
and the second letter denoting a related compar-
ison. The two solid arrows, AB and AC, repre-
sent relations that we have described before in
which students have learned that each dictated
color name (A) is to be matched either to one of
the color patches (AB) or to one of the printed
names (AC). All of the broken arrows represent
new conditional relations that must emerge even

without having been explicitly taught if the orig-
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inal conditional relations, AB and AC, are also
equivalence relations.

The symmetric relations, BA and CA, can-
not, however, be tested with exactly the same
matching-to-sample procedure that was used to
generate the original AB and BC relations. This
is because if several A stimuli, dictated color
names, were presented at the same time for stu-
dents to select the one that matched any partic-
ular sample color or printed name, the simulta-
neous auditory stimuli would interfere with each
other and become incomprehensible to a listener.
The purely visual BC and CB relations therefore
become critical for determining whether AB and
AC are equivalence classes. It turns out that the
derived BC and CB relations are perfectly ade-
quate for that purpose; they test simultaneously
for both symmetry and transitivity, as follows.

A student would be able to match color patches
to printed color names (BC and CB) by transi-
tivity if the directly taught relations, AB and
AC, were symmetric. For example, given BA by
symmetry and given AC by direct instruction,
transitivity would produce BC. Similarly, given
CA by symmetry and given AB by direct instruc-
tion, transitivity would produce CB. If the BC
and CB relations emerged, therefore, both sym-
metry and transitivity of the original AB and
BC relations would be demonstrated simultane-
ously and we could conclude that those original
relations were equivalence relations. Each set of
three items, Al, B1, C1; A2, B2, C2; A3, B3,
C3; would comprise an equivalence class.

Both symmetry and transitivity, therefore,
must be demonstrated if related items are to be
identified as members of equivalence classes. As
in this example, symmetry may actually be a pre-
requisite for transitivity, but in the more general
definition of equivalence, symmetry and transi-
tivity are equally necessary. Without both of
them, no relation can be said to be an equiva-

lence relation.
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2. Equivalence Relations and Sym-
bolic Representation

Now, given the critical role of symmetry in the
formation of equivalence relations, and given the
equally critical role of equivalence relations in the
process of classification, we may ask how equiva-
lence relations are also involved in such matters
as the understanding of meaning, reference, and
representation.

In Figure 1, the emergence of the relations BC
and CB is typically considered to illustrate a sim-
ple form of reading comprehension, understand-
ing the meaning of text — in this instance, the
meaning of printed color names. Simply match-
ing the printed words and colors to their dictated
names (AB and AC) did not suffice to demon-
strate comprehension of the printed words. Not
until we observed the student matching printed
words and colors, without having been directly
taught to do so, could we say that he or she
understood the meanings of the printed color
names. In everyday language, we could also say
that the printed words had become symbols for
the colors.

The concepts of meaning and symbol are not
being used here to ezplain the emergence of the
BC and CB relations, nor does the emergence
of those relations define the concept of mean-
ing or of symbol. Those are matters that be-
long primarily to the fields of linguistics, logic,
and the philosophy of language. B. F. Skinner
(1957, pp.7-10) offered a definition of meaning
as the variables responsible for an utterance, a
definition that is in keeping with the aims of
the science of behavior analysis. In the spirit
of that definition, one may ask and answer a
relatively simple and direct question, namely:
“Under what conditions do people ordinarily use
terms like meaning, understanding, and symbol?”
The answer proposed here is that whenever peo-
ple offer a referent as the meaning of a word or
words, or offer a word as a symbol for an ob-

ject, or offer objects as symbols for other objects
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(for example, statues as symbols of people, flags
as symbols of nations, and so on), one will find
that the words and their referents, the symbols
and their objects, are members of an equivalence
class.

Furthermore, these are the same equivalence
relations that mathematicians have defined pre-
cisely and elegantly as possessing the properties
of reflexivity, symmetry, and transitivity. By
providing a behavioral counterpart for each of
those properties, we find ourselves able to inves-
tigate and determine in specific instances how
a particular equivalence relation between words
and other aspects of the environment has be-
come established — a relation to which people

” o«

often refer as “meaning,” “symbol,” “represen-

> or “referent.” Such investigations differ-

tation,’
entiate the field of behavior analysis from linguis-
tics, logic, and philosophy. Linguists, logicians,
and philosophers are concerned with language
and symbolism, but not with the determinants
of verbal behavior. The kinds of questions that
a behaviorist might raise may bear little or no
relevance to the ways those concepts are treated
in other areas of discourse. Behaviorists are con-
cerned not, for example, with such matters as
linguistic definitions of meaning, or with mean-
ing as a phenomenon to be explained, or with
meaning and representation as explanatory con-
cepts themselves, or with philosophic and linguis-
tic conceptions of reference. Behavior analysts
are curious about the variables that determine
what people do, about the determinants rather
than the logical structure of behavior. For ex-
ample, instead of using concepts like meaning,
symbol, referent, and representation to explain
the structure of language, behaviorists simply
wonder why particular individuals say words like

“meaning” and “symbol” to each other.

2.1 Auditory-visual symmetry and
reading comprehension.
The kinds of examples that have been used

here to illustrate equivalence relations are sim-
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ilar to those used in early studies of equivalence
relations (see, for example, Sidman, 1994) and
might easily lead one to assume that the emer-
gence of reading comprehension requires the pre-
vious learning of auditory-visual relations, that
auditory-visual symmetry is required. Such an
assumption would be consistent with commonly
observed normal developmental sequences. For
example, children usually understand words they
hear before they learn to read with comprehen-
sion; auditory comprehension usually precedes
the visual comprehension of words. Also, chil-
dren usually learn to name objects before they
learn to name the printed or written words that
correspond to those objects; object naming pre-
cedes word naming.

Many subsequent experiments, however, have
shown that new arbitrary visual-to-visual rela-
tions can emerge not just from auditory-visual
but from relations involving only visual or tactile
or gustatory stimuli. The sensory modalities are
not critical. What is critical is that teaching two
sets of conditional discriminations that have one
element in common can cause new conditional
discriminations to emerge. The generality lies in
the process, not in the stimulus modalities. Al-
though symmetry is indeed necessary for children
to learn to read and understand new words, the
auditory modality, although it may be involved,

is not necessary.

2.2 Species generality of equivalence

relations.

What about species generality? Although the
earliest attempts to demonstrate species gener-
ality met with failure (for example, Dugdale &
Lowe, 2000; Sidman, Rauzin, Lazar, Cunning-
ham, Tailby, & Carrigan, 1982), strong evidence
in individual nonhuman subjects has come from
Vaughan’s (1988) pigeon experiment in which he
pioneered a simple-discrimination rather than a
conditional-discrimination technique for generat-
ing equivalence classes. More recently, studies

with two sea lions by Kastak, Schusterman, &
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Kastak (2001) have provided some of the most
complex and interesting demonstrations of equiv-
alence relations. Although it is not clear yet
why the studies with sea-lions have been so much
more successful than those with other nonhuman
animals, one reasonable possibility is that the sea
lions had learned identity matching. That is to
say, before being tested for symmetry and transi-
tivity, they, like most humans, had demonstrated
reflexivity, a necessary property of equivalence
relations. None of the other species tested had
shown reflexivity in their experimental contexts.

It is probably not correct, therefore, to con-
clude from the several negative studies, and from
the few seemingly successful studies that have
shown only indirect positive evidence of equiv-
alence relations in the behavior of nonhumans,
that equivalence relations and even just the sym-
metric property of equivalence are impossible to
find in nonhuman animals. It is quite likely that
the difficulties are more the result of method-
ological inadequacies in the investigations than
of species limitations. It is difficult to believe
that the application of appropriate experimental
techniques would not succeed in demonstrating
equivalence relations not just in sea lions but also
in apes, chimpanzees, monkeys, dolphins, other
bird species, dogs, cats, and many others.

In addition to evaluating reflexivity along with
the other required properties of equivalence re-
lations, more rigorous investigative control will
be needed over the environmental elements to
which experimental subjects are supposed to be
attending. For example, in matching red and
green color patches to the sample words red
and green, are the students selecting the match-
ing color or are they rejecting the nonmatching
color? The answer will determine the results of
subsequent transitivity tests (Carrigan & Sid-
man, 1992; Johnson & Sidman, 1993). Also,
are the students observing the same elements
that the experimenter or teacher is specifying?
We know, for example, that our monkey sub-

jects do not look just at the colors and forms
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that we specify but attend also to the position
of those items within the total display (for ex-
ample, Iversen, Sidman, & Carrigan, 1986). If
we test, say, for symmetry in relations between
items we have specified but to which our sub-
jects do not actually attend, then the symmetry
test is doomed to failure. That failure, however,
must be attributed to inadequacies of investiga-
tive technique — failures to control what aspects
of its environment the subject is attending to
— and not to inadequacies that are built into

a species.

2.3 The contextual determination of

equivalence.

It is important to recognize that members of
equivalence classes are equivalent to each other
only with respect to the property or function that
defines the class. For example, under some cir-
cumstances, the word, red, is in the class, color,
and under other circumstances, it is in the class,
political philosophy. Contextual circumstances
— say, the current topic of conversation — de-
termine which class red is in at any time. Equiva-
lence relations probably always come under con-
textual control. Here is a fertile area for in-
vestigation (see for example, Bush, Sidman, &
de Rose, 1989), not only relevant to research
methodology but also in extending the signifi-
cance of equivalence classes beyond the labora-

tory.

3. Some theoretical considerations

Finally, we have the question of where equiv-
alence relations come from. Omne answer (Sid-
man, 1994, 2000) has been to suggest that equiv-
alence relations arise directly from conditional
relations that specify reinforcement contingen-
cies, that they consist of ordered pairs of all pos-
itive elements that participate in the standard 2-
term, 3-term, 4-term, and n-term contingencies
that comprise the analytic units in the science of
behavior analysis (Sidman, 1986).

A second theory holds that language in the
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form of overt or covert spoken words must medi-
ate equivalence relations (Horne & Lowe, 1997).
Evidence contrary to this theory comes from sev-
eral sources. For example, conditional relations
have been shown to emerge even in the behav-
ior of people with such severe mental retarda-
tion that they had little or no spoken language
(for example, Sidman, 1994, Chapters 1, 2, & 4;
Carr, Wilkinson, Blackman, & Mecllvane, 2000).
Also, emergent conditional relations demonstrat-
ing equivalence relations have shown latencies so
brief as to make it unlikely that verbal mediation
was taking place (Tomanari, Sidman, Rubio, &
Dube, 2006). The most critical evidence against
the necessity of verbal mediation in the emer-
gence of equivalence classes comes, of course,
from the convincing demonstrations of equiva-
lence with sea lions as subjects (for example,
Kastak, Schusterman, & Kastak, 2001; Schus-
terman & Kastak, 1993).

The demonstration of equivalence relations in
the behavior of nonhumans is particularly rel-
evant to human behavior not only because of
its implications for formal theoretical propos-
als (Horne and Lowe, 1997) but because of the
widespread informal supposition that spoken or
subvocal language is necessary for equivalence.
When, however, one sees a sea lion matching
scores of stimuli that it has never before even
seen together, one can be sure that language need
not be involved.

Still, just because speech does not have to
be involved in generating equivalence relations,
that does not mean that speech cannot be in-
volved. Possibly our most important equivalence
classes are those that do have spoken words as
members. We communicate with each other by
speaking and writing words, not by showing each
other the objects and actions that those words
have somehow come to represent. That is what
people mean when they talk about representa-
tion as a critical feature of language. Unfortu-
nately, what is called representation in everyday

language cannot be taken as an explanation of
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anything; representation is something that itself
needs explanation. Equivalence relations take us
a good way in that direction. To say that words
represent objects or actions and even complex
classes of events like behavioral, internal biologi-
cal, and external natural processes of all kinds is
to say that such events and their representative
words are members of equivalence classes. That
change in terminology from referent to equiva-
lence relation brings verbal reference into the
domain of scientific analysis, stimulating us to
investigate how such equivalence relations (or
representations) come into being, how they are
maintained or broken down, and how they come
to dominate many aspects of our lives.

For example, although reinforcement has been
shown in innumerable contexts to be a power-
fully practical tool for developing new behav-
ior, it has also been clear that direct reinforce-
ment cannot possibly account for everything that
we and other organisms do. We are constantly
saying things we have never said before, emit-
ting sentences that could not possibly have re-
sulted from direct reinforcement or from response
induction or classical stimulus generalization.
Other animals, too, react adaptively when they
are exposed to new situations for the first time.
Might we understand some novel behavior more
completely as outcomes of contingency-created
equivalence relations?

It is possible to account for the role of words
in the formation of equivalence relations without
invoking language mediation. A corollary to the
notion that all pairs of elements in a reinforce-
ment contingency participate in an equivalence
relation is that the response elements of the con-
tingency also become members of the equivalence
class. And so, if our student learns to say “red”
in the presence of the written word red, and then
learns to match the written word to the color, the
color and its name spoken by the student will
have become equivalent. In order then to spec-
ify the color even in its absence, it is necessary

only for him or her to say “red.” The ability to
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substitute the word for the color is the result not
the cause of the equivalence relation.

One of the reasons for preferring the theory
that equivalence relations arise directly from the
reinforcement contingency is the elegance of that
theory: its precision, its neatness, and its sim-
plicity. It is, however, a limited theory in that
it does not cover other kinds of relations than
equivalence, as for example, relational frame the-
ory attempts to do (Hayes, 1991; Hayes, Barnes-
Holmes, & Roche, 2001). It has been suggested,
however, that relational frame theory fails to
achieve its objective of generality (Sidman, 1994,
pp.553-561). Progress in the next few years will
settle that question. Meanwhile, even if a gen-
eral theory should succeed in including equiva-
lence relations along with other kinds of rela-
tional behavior, equivalence relations will remain
unique in providing the foundation for some of
the most important empirical features of spoken
and written language. Of particular relevance
here are those features that both linguistic the-
ory and everyday speech sum up as representa-
tional. No other relation or class of relations pro-
vides a basis for investigating and understand-
ing the representational power of language. This
explanatory uniqueness makes equivalence re-
lations worth continued experimental attention
no matter what theoretical umbrella one works

under.
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In this paper, I briefly summarize the research history on the (non-) emergence of
symmetry in the chimpanzees of the Primate Research Institute, Kyoto University. The
chimpanzee Ai, who had learned the visual artificial symbols (lexigrams), did not ex-
hibited the spontaneous emergence of symmetry between name and objects, but showed
gradual improvement during the repeated exposure of training-testing cycles. This re-
peated exposure effect on the emergence of symmetry was also observed in the other
individual who were not “language-trained”. This chimpanzee also exhibited the control
by exclusion, which is considered as another type of illogical biases in humans. Chim-
panzees also showed significant effect of differential outcome and differential responding
on symmetry. Conclusion so far is that chimpanzees show no emergence of symmetry
immediately after the training of conditional discriminations. Repeated exposure of
training-testing contexts, however, has critical effect on the emergence of symmetry.
For the future direction, it is suggested to promote studying the symmetry bias during
the causal reasoning not using traditional conditional discrimination paradigm from the
comparative-cognitive perspective.

Keywords: Chimpanzee (7> 7% —) | Ape language project (A T.Si&il#) |, con-
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Researchers studying symmetry, one of the requirements for establishing stimulus
equivalence, have contrasted inferences made by human and nonhuman animals and
suggested that inference in each animal species is determined by several biological fac-
tors developed in the course of the evolution of a given species. This paper reviews the
relevant experimental studies with human and nonhuman animals, including studies
of young children, individuals with developmental disabilities, and nonhuman mam-
mals. This work indicates that developmental, ethological, and behavioral factors are
closely related to produce symmetry. In searching for the neural factors of symmetry,
evidence from fMRI studies suggests that brain activity associated with equivalence
relationships occurs in the processing of stimuli with or without temporal order. Thus,
further research on the processing of temporal-spatial factors of stimuli is needed in
both human and nonhuman animals. A detailed analysis of human subjects failing
to establish equivalence relationships, and of nonhuman animals performing prerequi-
sites for symmetry, such as identity matching and matching by exclusion, is crucial for
understanding the biological origins of symmetry inferences.

Keywords: conditional discrimination (§eff-:##5) , matching-to-sample (AAA D
) , stimulus equivalence CHIFLSEAMYE) |, symmetry GoFFaME:)
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1. XM eE#Re L THRALET

1.1 #HEEE L TOxFRME

WAL T bk A B BRBESMR e, YR ATH)
ZEARL, B T52 83, kot mEints &
DNEDLEIIHLLEZOND. ZORFOR
B, BEIRE 20 &R UMDY K
ENBZLIIMOTHTH 720, ZZIZHEmD L
WA ENL. BEORBICIEDE, BUEORH
EGFEMHIHL, HATHEMRE L TELII %
WE) 2 & I8 513, ARTHRY EF5 [k
P BHIS2ICHERO—FTH D, &) RO
B 529 2 TEHOEGRARE WA b L

Towards an Understanding of Biological Factors in

Symmetry, by Yumiko Yamazakil»2, Akitoshi Ogawa?,

and Atsushi Iriki? (1.The Graduate School of Hu-
man Relations, Keio University, 2.Laboratory for

Symbolic Cognitive Development, Brain Science In-
stitute, RIKEN).

SR &, ATBY AT BT TS
&) Ml A (Sidman & Tailby, 1982) (124 - T
BEF SN T &7, A LT L ST ICAIFMIC O
T AR ERE RSSO —2>TH B (FebEIIHT
RO ZOBOFRET THRELTVLLIKE LT
Sidman, 1994 2 &) . 0k, WFFEHEBOILK
LT, Inde oA RERARRREEBET S

9%, ARELZHRHEBEO—DOTHY, FHL X
VTR DR IEL OO EELRBE 5

LD Ao T &7z (Yamazaki, 2004). xEFE % 3
AR L 3B o, B S N7z UGB AR 2 A
EZFTBLT, foTHRT ¥V MDD =IH
BEREE R, b S S0 VT ORI AR D A 12
Lo TZORIAN=Z AL %ZFHWTLOEHLWE
W B X % (Sidman, 1994). & 512, xR
L) BlIgUI e N R L L2ZAFGE TR D R Ui
RBENTVE—F, & FUSAOBWIZE W TS
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THTHB L) —HUEODHLZMAIMEONTET
BY (11, 1999), D2 &b T, EHEHEDY
FHEBWILE SO LN TV A EESIF L IZRL S
ANZALEFFOZEEEITE LTS L) ICED
ns.

1.2 it &b

SRR D A AR C O W TR A TS, BER
WREDXHITERH SN, EDX ) BBHAITL -
THAEZ TR SN TELPIIOWT, TEIGHT
R HLBFRAN B HWFEAZIIT > THHLICIB R .
HARMIZIE, WM T4 (conditional
discrimination) | Fft & 12 & o THAR S M7l
Rz BL T, RIBOBBRI L, FWEH L
MDD DL UTRIRAEEIC R D 2 L 2IRY. &
TR &0, BB RARIE (A) I LTIEL W
WEGM (B) #MAGbE2THid2iEL, —HY
1213 TA %2 513 B (if A, then B)| O BROMEE,
LEND. BIZEMHA DD ETOARIEL W E
BN, B Db LETMERERRNTRENIION
T, RS R BRSSO Ty (IS
Niw) 720, CARKGELL) LHHTH .
ZNCH DO T, LDk MIFHEB L)
HAGTICMESD &, A ZRIRT 5. LR
TS N=—HOBR (A %51 B, LIFH
HoOBfRE A—>B LKL, 20k AL
MR 2 ARWIATR A E kofzl & (B
SIFA), IS ORI [k ] A5 L7z
LARR

AT AT %0 FLBGERANC B4T 2 i ki3, JREmy
EXFRBAR TR <, FH - R OBERENY 2 3 R
P, HARWTEEME %38 L (Sidman, 2008), BTk
R2% IS (stimulus equivalence) | &9
Pl A D CEREITHE ST & 72 (IUA, 1992).
BWEMEOBNHIE LT, M1 23RIhiw, &
CTRHZFY, BIZIEZEYOY AT (K B) 28
[DAZT] LI &R (R A) 2R & x#Habh
5T i3, AH(A) PHY (B) LT doL
OBfFEL LTHZ 5NBAY, IR, FHiE
Ao THEEWZ OND, LW MR &L
EROND. Thbb, FYLHEEDOHIZHLHH
i, RERNTH L. ZI2h5, % (A) 265
W (B), FW (B) »5LF (C), ®&HIZBRENL
RLHE, BHTCOHEWH (SRR OBRZ R

SRR B A B A Wy R B R O I 1)U C 367

A (RFIER)

"

L &
— S %

C@ ==

B (%) C (X¥)

R 1 Sidman I & 2 FMEHROER L. 22T
X, EHOYATIINLT, iE [VAZ]
ERIBOT B 72D DINFHEBIHT S,
hEWEH (A— B, B— C W) A%
RN BAR, IREOTFNH A LIS
TAMSNBLERERT. RHOEBERICH
LRIEAS, RAHIRL, Mricd st
Bl E LCHE NS, £ Dk Mk
FIZBWT, BWRHNIRENRS A~ B,
B— C D2 00MRIFIED T oS
I, Rl 4 o0BR iR, JER
P, M) KL T B EHBASN T
%. Sidman OPSHAIZBWTIE, RINH
DR RO Lz & &, SR A
B Lzt vwbhs, 205 b, Wk
FEW (B) ZRT " DAZT OFH (A) H5F
oS NEZE (B—A), YAZTOXT
(C) 2 ATHEY (B) IS ohsZ &
(C—B), RSN, ik (C—A) i
HERME (A — C) ITHT 20k e LORS
N5, MR, TAZSIFA] TRl sh
LRl ENBE~OBGREIET. Sk
BT B L&, BRMICEHE (22T
i A, B, COZFhZEN) 2B 5 GHE
DR DEEINS.

5) . FYLTFHM ORI LR ) DAk
59, WM, AT EOHBRNERE &
RS GERME: A — C, B XU C
—A) PR E LTHFET 5. M RAITRS M
% 2 DD (AHTA»S3Y (A — B), Frs
YF (B—C)) 0l RBETRENS 4D
OBR (B—A, C—B, A—>C, C—A) ¥l
% LUTHALY A 2 &2 EBRMITRL, dlfie 7 X b
& OFi A % ERAL L 72D A Sidman T 5 (Sid-
man, 1994). Z 2 THAZ L 7R HH O 2] §e 2
ROLR % IR PE, 2 5 W IZEHIRIFR (equivalence
relations) & 5. 1ICH B EHT, ki,
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B GRSz W E S~ OBROIRY . A 7 513
ATERSNG), MBS L 3 SRS
D—FWTH DD, PAFIZBA B EERIMREE D5 F
AWRLTEREBY, itz s FTRADHL
HHMBREEoTOMETELEDS .

1.3 kEb&EE MUSOEIMICEH T B HTME

CITHELOR, RESNTHARVEFEBO
HETAZBEBEE W) S, RV#PHOE b
BFIZBNT, MYBELRENTEZEV)FET
HoH. INFET, WEORADINS, T, B
HNRREE % RO AR L O iE g h, £
DIFEALET, W%, ZORMDBHEIDOLNRT
& Tw3 (213 Lipkens, Hayes, & Hayes, 1993;
O’Donnell & Saunders, 2003).

—7, e M OBE R e Lz &2, 0k
PAVREND L IBDTENTH S (1L, 1999).
F U &9 BEMERRE W) FhE 2w Twaic
LDboT, FRELTERINS DO, B M
BWTIE, RSN OB Y %R TH
Z0IZH L, & NS oOBWTIE, H< TSN
72 RIS & PRI & D [V o BT B AR ASHE
VY BT EOHNVERIIE . € MIOAENRD
FHERIOFEND /25 L Bnht wizidZ95 T
B, BIEUIA % WSS R R D SRR
%789 Z & (Schusterman & Kastak, 1993; Tomo-
naga, Matsuzawa, Fujita, & Yamamoto, 1991),
SIEOBREMMEHN T L A 8RS N WHERE TR
ME2R SN B Z & (Carr, Wilkinson, Blackman,
& Mcllvane, 2000; O’Donnell & Saunders, 2003)
Mo, W (35 IITRIBEHLE) AY5 3R
LoTEHZHENTWS &) RFL (Devany, Hayes,
& Nelson, 1986) (ZIZW#MEAH 5. D), FiFl
£ o THMMEATTRIC 2 2D Tld L, W&
5 L DM OEEIN G BROBRD L 5 7%, SiHEOE
BRI - SR Z 2 B — 2 & LTk %
# 2 D UEMEATTE 7 (Sidman, 1994).

1.4 FWXDOBHB
KT, WHPEORAL - RRACHD B, 2

1) BRI G R Foie & 0 A & W Uiz
B E LTRAZ LI > TRENL 20, [HL] &
VO BROBMFLEFZTHLEEZONEH, [HL] @
I X VIR E N7 4 —< ¥ AR, RSO
Pl A BT 2 [EMH] &= T 209 o2 0nTid
HamAid 5 (cf. FEFE, 2000; 1L, 2000)
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PN ERICOWTHEREIT) . 23, Hific
FH - AREIRD 20 221 TR v, Ik E w»
MG R, Bhe BB AR R BT B
T2OOFNHY 35121, MAROREZ R
W2 CcER oL EbhsheThs Lid
VR, KM RO R F I ER S v o T b,
ST, M, MR, SRR Y, BRe BT L AL
HY, o, TNHFPELTHETIER L, MEI
WHELAE->TWwAD, YN THEZL I L3k
BTG TRV, L L, SRR R
MHIZOWT, HEREVWIEINIFEALME DR T
WEWIZELWBIRD S, ARTIRI 0 X9 2iEM
ZXBNEFTT, A FRMEOITEIY - AEREEER - i
B ERICOWTEZ T ThRroTWAPERL
72 BT, SRl X ) I TR L TwiT
v, FRPMAERET Tu—F &AL
LERHBEE LZEmEIT W

B, A (B2 VIR OWFFEI kS
HMLTOWLHIRER SIE, 2E5FONEE (b
B\ od, v REME» NS
LRk, EvnInd, b FENGRE LR
2, HIEEEMTE ORI A % > 7208 - ERRFZE I
B ERRHTE—T, e eI FEEE-E
LERMKERE O ) L EE SR AIEE X
(K&, 2008 #&H), WKZMOBILE» LTI
BRBMENZEIL &) RTHTREVZ BRI S
ThHhH. LELEDVS, EE, TS D5
TC, MHMEANER S Zofidix, b
b & Sidman 2561 L C & 2 ERR SHEOME (5
I - B, 2008; R - 49 - $44 - 11, 2003),
# (IR#B, 2008; W - fEE, 2008) & DRIb Y D
fils, BEEIEHE & kRO E R O BB O
ZHNZ L BWZENb 0 il agliib b o7z
(Matte Blanco, 1988; HE - f&5, 2008). 2% 1,
e 25300 C e N OFRARERE D REBRIEAR S5 12
W20, NEEAE L 7 B REMEAT D b T X
N7z, ZoZkid, v MDA osiIFEkzd 5
A, &) 1980-90 AR A T CORMERR L 1357
) (KK, 2008 #%H), © P THAICEEYEZ
THE L T % A2 SRR T 27200
WRRE, WA BEEROIEEE 2 TwD, Kk
XiE, oL HEEPSHETEEORTY,
k&b FUSROBI & D E L T B AR A
ERWET 2008 EHmLELDTH 5.
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2. RFMEORI/REIICEED 5 HER

2.1 FEENERA

FIEICH S LT R BREE WD 54
HRERPLHAERBEORAL EIRELEINE LI %
A PR 2 SR DANC, SRS BRIEE T 55
OHMRe, A ~ORBEROMIMAEH->TL %72
O, EEIZIFMIHVTW A EEETS I &
HELw., L2L, 2OX) BRI EEELIIVTY,
Lipkens et al. (1993) |2 X % #EWriy A T BRI
MAZRMEL TV 5. W IRIZFERBMGR 165 H
WMOBE 1A THo7 ML LT, gttt
T D 5 VIR S OPABICBEOERTH»N
7oh—F, BIU, FEBREOEFIZIVEZ N
BEAND 2 W3 HiE a HEESH WO, TS0/
A2 RS, R AR TED L ) IR S Tw
DT AN SNTz BRI NIZBBIE, H— D
B3L, H20vix, BETH-2. —MIC, 5%
HWTHEYOLDEZIBS T EOIBE, ool
xRy [ZHRKS] LIFEh, 520 boxE
W32 RS IE [FRIBRUS] 5. g Rics
Wi, 177 H TZAEROGIC & 2538, 194 AT
FHBOGIZ & 38k, 21T 237 HicBWwTE
i) AR S 7. AR MR IRTZEC, Luciano,
Becerra, & Valverde (2007) (& FERBIGIE 150 H
DLW 1 42T HRE L, ZHOB%E 723l
ZOHOEMBPBROE TN ED X ) R BE 525
MEFR FEE LT, RIBIZE > TRAIOY
i, FEBREOFRSICL D HEOAT (ERENA—3
Y7, BIUFoBE GEFEFNA—I V) B8
Awvohs, THUTHL, SZEHIER Sz G
i, WHEREE»SIY By (ZF) ok, HEE -
FEFRWNA— I TRITH (FEM) Z&Thote.
FEERBALGIE, FEERE DS R IR § 5 4400
BYA I, RIS 2 RH, AENITT %5
%, TOHOHIBIZENENT A LZEZ A, i
HEBRWVLTHoTz. 22T, Ehr1TiE, %00
TR EIL) B 2B RS % S BRoB % v
TlBL72& 2A, 167 H TR 2 Wik
2) COYMR (9 3) TIE A — BI [A—CJ &l
% [B&Cl&#7AMLTHEY, M1 TRLAEEIARTA
— BJ [B— CJ oFIHHikic [C— Al OB LR
SNBEMMELIERL-TWSE, LAL, HWigdHREL
[k, AN S N7zBIERIC BT 2k & 20BN 2 B

rET AP LTS, ERIEMEE TR Tns
(Sidman, 2008, Figure 1 % ZMH).

SRR B A 5 A Wy B K O I 1)U C 369

W) ZHETUGIC X 2SR L. 2ok
& |G, T4b5, BRI —-—3I 07
B Lo lzZ &5, MEEERBKIEO L
N= M) —ZF e THRVT S L ERTHER
Erofz Fiz, 177 AICBWT, SUERE (W
) OHEHCTHEMARE OB EZT AN L2 E
25, AMEEORITREN, WREIIRS N5
7z, F010, WARMEEZBOBEHTIRHL
PR, ST 2 &7 25, 194
HEZB W T RO BRI A Sz (S8 2) .
LL, ZORRTHRBIC L DB L 2
Motz & HITHEIE IR THRERER ORI,
RN, SO E N2 7%, 237 AlicE
WTRHIC X 2 MBMEOBIAVR S N7z (FEBR3) .
2B L2% <K, 2o, MHT A ML TEIFL2DIT
TR Ehobidvi, IR0, ZEDE
WCFRIC X BRI T 5 2 &, Stk o par
IO OB BT L, BT~
WREHTVS., T/, AIHFRERESATS D
BERL 2R - 72 P LCwWirdoz—T, HhEIX
1LH® S Bl b isL, BEEmZCT A M2
I BFhEEHT, KT 25 oWk L #nT
EDOMOBMRERE L7212 hb 5T, Wl T
OXMFE, St EORIMERF PO L o
2. TS OZRIE, ABNIGE - TEINEED &
HHAE Y BRI ORISR E RITLTWD
MOV THLNZIEITEL o725 DD, AT
F5MERB TR E 2SNz, whEEICT
RCORBDEM BRI 2L SNTEZD LI
R0, RSSO SO WA — B DTS
HVHELIEERLTVS.

2.2 HEFNER

INFETIE, AWML RL7ze DS OBYIL,
AN 7 IWV=T7T 7 (Reichmuth Kastak, Schus-
terman, & Kastak, 2001; Schusterman & Kastak,
1993 %= &) L F 223 ¥ — (Kojima, 1984; Tomo-
naga et al., 1991; Yamamoto & Asano, 1995) T
H23. LrL, TH5HOBYTIXH ISR
VT HEVIbIFTREWY (FryRryy—i2slitr
BLAALHIE LT Dugdale & Lowe, 1990, 2000).
AV TANZT T HhEF R I—TlE, HHa
Ra=r—YaryETI)RIEEL TV A2, Th
FMo% < oe FUSNOEY BT REETH D, K
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P OPER E 132 v, DF D, Jirhfst
&, EWENGSEICE ST, RFET 2O
DAL TS LI EDRTELNWT EERL
Twh.

v MU OB T, RIBESHIED A% 53, HIK
o [FEL] &) BEROBERIITISS 5 E—H
KEDEDHEZR 2 & % (Kastak & Schusterman,
1994), SFMiRIRZEEINRT L LI12L-T, &
MBED I EAMBI R AL T % (Schusterman &
Kastak, 1993) % &, #& b % MAIIZSHMBILRIZBI b
BEEIHHEY R LD SN TWAHDIE, Schuster-
man 7B RE L2 2BHOHI ) T NV=T T Y
HThb. HoHiL, TVIPEZETI R0, B
B, SR BEOSMFMHRERIC X ) e L %
FER O 2 WLERIGESNTEY, Zhdfil#
HBRO TR M AEDRICHFSG LTwD L LTw
% (Schusterman & Kastak, 1998; Schusterman,
Reichmuth, & Kastak, 2000). & 512, 7 ¥ i
FEHEEL, ERIHORSD LIELIDEE 5729,
BN - LMW 2 7T =L, 2
MZEEDSWTHAB L 2T b w2 e b, i
W 2 MR E % X2 5 RTBIIB E VW 2 5 D Tld R
WRLELTWA. LarL, Thoofis otk
TIYARFIFEO SO TR Rz, 205 HD
ENPRENICEETH S LIIMETE RV, 50
L 2 A, Schusterman D7 NV —THRH72T T 7
LSO Z R L TnWARWnWZ &, AHEEN
R R RER &5 FRE D TWH DT, FIE
&, BTN — TN & B AR ETH 5.

2.3 #{LERE

RO, IWEOBSER LT ¥
HeF Ry T=HlAIHRD L, WThoOfEk
b, 7R MRMAET ISR SV L RIVTRL
Tikwihoi. LROBZEBRLAY, HoFh
EERMMLAZY, AL T2 P 2EEDELLHE,
BRI 2 RIS E o7z 72, FEERBAGRT
MOFEBIZ B TATEIRIME 27 2 &L 0 d HEE
MIFELAETHo/. TNOLOERZELT, —f
7R EBREMICH L C, EBRELORRDE ko

3) Miic, & NP OB TR LA & iR S
MEdH2H, wIhd Fh& LICHESSH ), 22Tk
MHEERONBET YA EF V8 TV —OFNIRE L T
L%, MHERZE&CRLOBEIIOWTIE, K (1999)
EEIE NI,
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TW2IZEN . DF Y, KFE]RE - ASuTHE % ik
ERM A D> TIN5 DD, FEERN L FEA T
DIEACKBIEDS, SR D BSIAARER I B 7o & &
Aohsd (FELT, Al - - R - R - M
—, 2008 % ZH).

L LAHS, BBRIEBT A THF oy T —
THRWiEE, Mdd 2B LERELZ KEIZER T
b, WU LEVE W) F=F b HBHI LHh
5 (Yamazaki, 2004), H#EIZRICIEIEE D& Tl
TWEITHL. SHIT, e E0IlEE R
Wbl TR TELF VRV I—IZBVT, *
Pk % BRI A % & v ) SRALIEIE & f D i
LG 72012 phb 6T, iEr—E L Tk
Lozl w) 7= hH Y (Dugdale & Lowe,
1990, 2000), SRALEREZ REHRE T 5T LITHT
LR FGEE 2o TV 5.

7z, b bTEHEL G She<TH, 74—
XNy 7 LCTaHtExd 7 A M A5HE/H DR L
FEBT 7203 T, A ICHBED MRS 2S5 Tw
CEWH F—F2H 2% (Carr et al., 2000; Lazar,
Davis-Lang, & Sanchez, 1984). TOZ &»5H, b
b TR & 2 OS2It S b LET 5%
{, HB—EDVNVTERIEFHATE D X1
%5E, FEACHBMICRV.T 2202 L
N7\ (Sidman, 1994).

2.4 HERENER

2.4.1 IRGICLIZE

HEE OB & b RE & ORRERE S 7
DI, WG EZED? S OF—ZIE LIELIEIEHICE
TR L %2705, 0 L9 REBHE WG
DR /AL % Beat U 72878134 v, Guercio,
Podolska-Schroeder, & Rehfeldt (2004) {33¢#%H
R X o TR 2 2 7-88E (55 2
LTI QRS 1 A IAIFE 72 A a7z
L) 12, BAEERRTHEE @ELwy, BoTwnb,
RE) LODRR LY POBHEEOEEL O
DXFINERE, FIBEHTPEOFRLA %2 AW TR L
7o IBHLERIN T 5 B EOEIRZ I L 72
[HFF—-RETH 1 HEHE-RETH I, ETH
IR 2 RIGEHFEEZ T A M L2 3HERH L BT,
AT TN TORRIZ DWW TERIER D OIS
HIEL T ahors, Ik 34 L bRk
BT [HFoRBEHE [ ORFEH 11 ootk
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i 7 BAfR % B or &€ 7. 72, Cowley, Green, &
Braunling-McMorrow (1992) 1 3 % DIiEE (»
FTNHHEEGIAIIAH) 22T lBE T L, 4
o CEERE) , B AmoFERY (FR), 4
o GRERR) OMoOBKRE—BILE 22,
RN BV 2 SEHEROBALATRD Sz T
e e &, 4 DOSHEOMRIEGEOFEIZKIFIC R
ToTBY, FMAEBEGEOHMS ENLTIERL, Z
NS OIS D S X BRIk D B L R AL BE B B N
W zRET A2 L I3ATRTHS. Lo, Wi
TEDOBMAETRTITBWT, N Rbh T
DRIE-£1E] * (-] % EoBJ7mBafks, —
WEAIS N2 CHIEICE IS hA2 kg, 3
Ptk % 32 B IMFREL O BERER) 2 OB TTREME O &5 S &
RLTWEO0d Lt

2.4.2 PRARREEIRITT

SRR, AT O BN IR 78 % S5 BRI AT
72D1% Dickins D7V —7"Thb. HHld, ik
FROTEBN BT B A RS O T REME % MGE S 5 72
DI, ELZRNOYIREZHZREL, =V TN
AV —FIZFRENBZTA 2R EL, 6
v POFRMEFRHZIFL, MRI X% xF—0
W TR P O K R R Ak A LTT A b L7z
(Dickins, Singh, Roberts, Burns, Downes, Jim-
mieson, & Bentall, 2001). ZO#EHE, WM - %
itV T, IS BIEAL IS & 22203 &
NZpdpolzds, HERMEDRAL L7 & A7 L7
o TR & ORI O ABRIGEN BT 5 =005
N7z, bbb, BRI HEE T3y MUETET
I OGBSI L Tnie—T5, HERHIE
BOLBERE TIEMEERIC R Sz FHE S, E
HEETFE LTSNS 70— B 58S
RONGholzizdll, HRNWZREMNFIGIEZ SR
T o7zds, FEOAMS (Nathaniel-James &
Frith, 2002), 77 3 — 3O ERMLEL (Hugdahl
Lundervold, Ersland, Smievoll, Sundberg, Barn-
don, & Roscher, 1999; Manenti, Cappa, Rossini,
& Misiussi, 2008) IZBbH 5 Z LM HNTWB L
HEAMURTEERTEF IS BT, M BRI B BRE (s
R LIRIEAH S NI 27-0, FEEMLEE & SIS
BUBMBENEL LI L 2RET DR LR
L7

ZOWITIZ W O PEN LR R H 5. 5

SRR B A 5 A Wy B K O I 1)U C 371

112, HOZ2RIEA S P ICH EWRMIETH Y,
BUhRA REBRTFRD D& TN LR % 4 CHE
BRLTWaho722 & THDH. FHESOHLIES
BUOBIZH 722 &b, BAISEEAREL D 58
AR E G EIGRIN L2 LTW 2%, BEA g
123 % FUG L S EEI IS & IER S v, 65 212,
HEREIL, BATIFE TS < OB ISR EEZ < Bz
FTHERTH DI D0 ST, R OWEREH
R2#F54B), EBREMSTFHL TV adoiz
T2 WERE ATV 2dy, BV, R—AF
4 2 OGMERBDEEIEFIN T b o7
EWH RS E A SN D, 8 3 IHIEEMTE DRt
Hl&tke LT [SEMmRBET A M 2HWT, F
TNV ERCIGEOWE I 22 LTIVTW 575,
Filo@ Y, BASE Hwizz, SiEUSoT
A0 ZHNTW DS 5 2 LR, HEOM
B5EMEREE S REL 2L, ZoT
2 EEAMIMET A D OEGIMBREINT NS DN
ANATH 5.

MOV —FIZEoTh, kRSO
fMRI #4247 N T\ % (Schlund, Hoehn-Saric,
& Cataldo, 2007). Z OEERTIIHI# L L TaHW
T62 (M1®DA, B CENEROIV—TIZ2
D ORI % FE) @ ASCII XFEMFHV S B
BEI NS ORI ZE Mo TWzh L9, fic
FREM SN TR WS, AR IZ L > TREMIT
holgthidmwE Bbhs. T2, Hblgste
LCHMICEMZ Zo8R L, WME% [BEOT
%] BATAATON, ST HIRRE D & B2 R
HEYEEI LT N e Shizas, Salliom
FhEd B2 2 &R, #R SN 4
FRPRE L Z B> TWB R Y, WY kil 4t &
W2 EDEMTH 5.

PDLbo &9 % AT oo W & R U 72 925k
Az, EEZLEDO TV — 7T RIS
@ fMRI W58 % 175 72 (Ogawa, Yamazaki, Ueno,
Cheng, & Iriki, 2007). FEERIZIX, Moz >~ b
I A MRl L7z, BEMEORNT v 7 A HERR
BaRMEHLE X—=254 VIBRIT (A—-B &
B—C)Tld, 7AMTHEVWKETR—-ZF1
VEMETEDL LD, EEEEL O%E L Z
DRATIEHE 2 SRR, BERE X MRI AF v F—
BT, R—=2 74 YIEATIZRE ST, RIHEE
flitEZ RS 5 3 DDBMR GIFRtE, R, S
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) oW THER{LTT A b Sz, TEE o
KREW 53 B EE O AN E LG B
91T, FAMRMTISHT MG e LT, N—
2 T4 Y ANHEIT VSR,
TEIEBRORERIL, T TOWBE TR
VL2 EERRLE LD bl, B— ANHET
A FDORBIZT A MENI: C— BT, E%
L JOGEE OB I B WT, JIER L 7 2 b
WHOMTESBR SN ol ZDXD LIlME 7
A b E OB OTEG R BUMEE, HIEENC b K
NTW/EEZLNDERPBOEN. Thbb,
C—BMEMETIE, B>CRX=25 1 VRfTIchk
LC, ARiEATEIC B 2 EHBgE skt
ole. —Ji, TOMDOBEBROT A AT TORIE
By, SHTEMGE, WRIRTEERE, AAMARTEE RIS
BWTBIESh, ZOEHT A MITESELAS
EATRENT. RAHIE & LBl sh R A 12 i
LCTRRENZD (B— A, C—B), —#fTHIC
FREINIZZ LD VRO A S HEDH N
D (A—Q), TOWEHETNTNY (C—A)
T 5720, LEETHUHENEET X MILoTRW
IR B L E X, SR BRI R 2 iR Eh L
MRBDHLNB T EHFUL TWz2S, THIIKT S
HWRTHo72. FFIZ, TRTOMRIZBWTIFE)L
SR ENIEREEATENE, 7 3 —FF I L7
WHPME SN TVEEMTH S (H1 21X Reber,
Stark, & Squire, 1998). —J, FREBYZIGH) AR
LN7-0X, HRMEL it 2 DOBKRTH -
7o, RN T H A I AT SE AT B & 0 A ERA M A 5E
AEP, SRS BV TIEBEREE T, "= 5
A VAL L CER RIS e, Rtk
2BV TIREIATED & N7 A MUl AT S AT ER 1, I
AR SREOHM (Manenti et al., 2008) %,
BRI B L 72 1R B A ST BB
. TH % (Acuna, Eliassen, Donoghue, & Sanes,
2002).

INSDFRP SMPFTANNDIZH S 2. £F
B LICEMMEE VS, FIMEMEORTHRD
B R T & O BRI L 72 BGEE 28, R
WIREBEICBWTRWEENZETHE. Zh
X, 4 F TOEMtD IMRIBFSETIZR SR h o
LB TH B, ZOEMIIMIC, FEEOER
WM L2 B8 2 R T2 LAY SN TV 5 (Acuna
et al., 2002; Henson, Rugg, Shallice, Josephs, &
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Dolan, 1999). #5 2 12, BHTHZE CHAlitk o & LR
OWEHHPER L2 &1L, FXOBRIEENs
A CERRtE - S:iliE) , & Fhvy GERME) (2
b 5T, A NIEASHE U &9 sz
F22 L ZRBL TS, BHERILEKEREZ
1T\ (Fogassi, Ferrari, Gesierich, Rozzi, Chersi,
& Rizzolatti, 2005; Mountcastle, Lynch, Geor-
gopoulos, Sakata, & Acuna, 1975), €15 D%
ALE IR L TG 3 552 CTdh % (Avillac, Ben
Hamed, & Duhamel, 2007; Sato, Sakata, Tanaka,
& Taira, 2006). & 512, EBROIRMZEH O A 7%
53, ZHMLEE & LE 2 ONDIHFERHERDY
BROBRIZH B#E T 5 L bl T3 (Acuna,
et al., 2002; Marshuetz, Reuter-Lorenz, Smith,
Jonides, & Noll, 2008). TN & DOEIIHFESh,
A LT, RN 25ME - o3 g
BT RV E D RABEAHEREICB W TIThhTw
&L, COMIRAS, SRl oo & Wk
CHREASIROL KB A = AL HHT 2 L& 2
bNb. #3112, B~ AHMET A bbb
D C—= BT A MIBWT, TBIEUE & Bk
BAse B2, WFIECOWTONES, 5 VidiEk
DEHIBDDERLIEZETHA. 72T, Schus-
terman DIV —"T0, AV T A NV=T T ¥ HIx
L, %< O OZMER & £ OSMBILR % BN
L, BISKRIBRHIZIRORMESE SN s 0L
NT AN L7 2 A, RSO TR TORFRL
WAL L7=2DT, HHIEZofEE%E, “bidirectional
concept” DXL, Z DA Uiz720 LR L
7z (Schusterman & Kastak, 1993). FRAHI#E & It
BRI OMOBFRIE, BV TEENIIHRO S
NTBY, WHN—KDO XS ZFEr2idewv. F
7o, BRENEROWSHEREZIL-E AT, K
Y AEDIEIRIZY EBEWH/RTHY, Tk %Y
fROIEREZEMNITE 2 & DTE Z.LHEWNFHIIE %
V. Sidman d ZD &) AP EBET L L V) R
HIZIEEEWTH - 72 (Sidman, 1994). LA L%
o, RELHHEEHCTHRUMERZ T A PLTW
LI hb6T, B=>A LT, C—>BTO
BEEIEALEIER ICRE SN -b DLkt Th
boT, BROERZRITIBIOMRE S 2 5
TlE%WwS, e ld, BonAREMNT, Ik
LT OBIRE FRERY 5 720 THBMEDSEI R S b
MR ZRLTEY, Mok z b E Ligwk)
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BEDORAL % LT 2 IEH) T — 7 L\ 2 5.

b T, ERLRLBEREOMARI TV B hb
MY D5z, TEIFRDENC, A CilsE X
TWBDPENDBZ EDTEDHREREW G2,
Lo ts DEATBRD X 51 = XL DHHNAETOH D L
N, by, 7R MRMTOAL ST, HiHs
P& 2 2 RN OFEBRER, PHfo X5 74
FHBES 2 RIS B SR D T8, MFRPE MR D
HRIZES>THRELZETHA .

3. SROMRICHTIERES

COHETIIEhOT LD E LT, EWFNERNZ
WhHIODOT Ta—F %, EELFENZRIZONT
WEZIT.

3.1 k MIHBFBIRHRIALBDOH

SRR D AW A9 B2 & R 3 % SRR L <%
CIEBVA, IO EMBIT 2L, ¢ okt
B725CH 2T %, Sidman (1994) i, xR
SALREPEEE O HIC “built-in” SR TBY, & MZ
DEIMESNTVBLEwRLETWS. FERIC, B F
DF—=F#RZATwHE, ZOXI)ZTERICOEEE
EbEZBWVIEE, © NEESIIHREEZRT. L
2L, B MIBOWTARRAR SN O, KT
BIEDdEDE L DERPEONLTREMNED D D
oI, SHoOoMEICIY LiFs s X&T
H5.

ZHELHLIE D IS5V, Lhiwgs, b
b EIG L L EBRTHBEDSEAL L Bhoiz l
V) RIS TA . Bl 213, O’Donnell &
Saunders (2003) (& FFRHEAIRE)T & RBEHMTE L
L OBMRE S L 223Iic BT, S oRE (A
MOBEE, FRIMOEMEE) &R o oL AL &
DN R BRI L WS 2L £
LT, ARG SNBITIE, W (8512
IR O ZBARR) VSO L e o 72D Tld e
<, Wik & 2% 2 SRR AREAS, & 5 A4 Eo
JERRIE L e o2 ENFERTH S L ALNTY
5. FiRELLBENR—ATA VEESHEREILTY
5 EiE, MR EOEMBGRE T A M5 LT
PIDGETH B0, & FOREIFNL, LD
v NUAOBWTROND LI RNY =, Thb
H, R=ZF A4 ¥ FEFR BB OIS 2%
boF, WEMTAMNSF Y Y ALRNVICR D, &
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WO E IRESRLDLEFR 5.
BSOS E BT 5 &, 205 AL
RH, HWEEEHNTBY, 2hlitoEs
VT4 2o 72 EBIIIEEIC A v, WA EE H
W CHITEFAM P 0 ST % B 7R 80, RS SE AT
P 2SR HARAE R B 1 & RO T et 2 R L T B
(Kondo, 2008). 3 7%bH, HIHMOWIAZ DR
MEF I ENZETHS LT LR, FIMASR 5T
HEZ D DN E ) DD, WHEDORILIZE 5> TEET
HHWRREDYD 5.

3.2 EEMERICXHT 5 LEOE

EEHE Y 72 S VR AR B T, AR B s ol
BOPRIZHATT A0, 20X ) ZEEMIER
A MBI BT, RO E 5T
WIEICE O TIERw2 L, DETX DfgMshT
ETwb (Bl z1F Jitsumori, Siemann, Lehr, &
Delius, 2002). B#i2& T, K t1 128172 A
L, 21ZBFS ARFLTIE 22 Lhikzw. F
72, BRI 1 ICBIF 5 A L, 1212835 BA (A%
HIEB] &) LHEMBIRTIE A <, HINGRSI AB
ELTHEEENLLEWHIWMREERTFICH L5
I. IS %, EHEERNTIER L, WP
BRI 265 L CTHFE 5B E LTk -E L
ThH, HIMOBENDEAME RN LTHS.
Z D &) BEMERHOFE S I OF IR 21T
E, e bUSAOBIYTIE, &b F iS5
BEOERTZ L) IEHINL LIRS, 20
WE, chETrBh, WHEITREND RN D
BEALEELLRWERDNS.

—T, FEENRFRE EZHAVT, b MBS
B OFETRMF IR & B SN ISR 2
HERL, SMREZRT I EIERICMETS. 20
Z &, R OREHI ML S 2 BR ORI,
v heb A oEYE ORCKE RiENH L &
EARET S~ e NS oBPIE, A Ik
TBWEES, OX9 7%, —HHORHHBEROM
fRIIFZELTB D, Stk EEoRTh, Hl
W ONEIMYE & —303 2HEBME, WMFEL D D
X0 £ oY THEAD S Tw5 (D’Amato,
Salmon, Loukas, & Tomie, 1985; A1l & BIL,
1997). M, @8, H2WVIERNERZO R VI
LR B OBERICH S L) ICBDbND. F
7z, EWAS, B OREENERE B RO 5L Tl
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7 <, W Z MR L 72 B Coi o il Bk %
WMETH, LWIHIEZHIE, HRHMEAEOTICE
B AT 5 UG (temporal coding hypothe-
sis) & & { —FF % (cf. Savastano & Miller, 1998;
Arcediano, Escobar, & Miller, 2005). €L T,
DI EIGED 1T ORMAITB VT, R
WD L IHROEEERETHR/RELL L SN
LHATTO Y X TH, e SO ED b, &
FTEDZ L ZDFMAHELNT VD &) HEL
Bk (JIE - AR (JIIE), 2008).

SRR, PB4 RIS, HVIIR
WL SR b DL bl LEIRT. AL, #
B8 72 2 > ORITLA R R ICAAAE T 5 BARY R
BobETHE, ELLh—HIEIINRERLFT IS
Ph L. BlziE b7 <HEENIOT 7L
&, NTE2 I b2 30 ) ORDEE, il
T DB LV HEROREDN S L S 2 MR D
B0 LS, R EER & ROo IIc ik
WHeRAREES 725 ) % FRITEE ORI ED
O IERT 525G, LIS LwiEHE 5
ABHMITIER 5 2 &5 WHEDMOBRIZITEH
THIEIERIND L LTHAREFETIER (I
& - AR (JIIE), 2008). ikt HvZve MR
DA, FITEEET HEEAEMIEIS L, R
R G E SR L OB OBRE X ) #IEITHK
W32 L9 HIFIFShTws e dhiud, 2ok
9 A & T L - PRt & A W WR D,
SAFHEOBALICBL, & bk FPStoBY L 228
FICHETHZLIEETELRNTHS ).

3.3 EMFMERICEZ7IO-F

b RN EL ED XD RERD, FIEEAERD
HARBROMIL DM 55, I BAR % Br7z 1268
BT DLHMNERL72DEAHH ). FLT, EDX
I R AT, SEPRE O L) LRz aEE
WELEE LW OR AN L ErNI-OTH A
. COREORSIENEROBYNZ, P15 H
WG HBOWMEE R E e 5w, LaL, &
B DB AR DO IR\ AKATF T 2 L T2 74 5
i, b M ORRREEGEMEEIIETETERICE ST
{37259, £/, fHERTEEL ORI,
SRR 2 A S 5 FHTORBLE OGNS 2
L& (¥ - #&)5, 2008; Von Domarus, 1944), Hi
WHRREERED T 720 T, ThEURITBLE
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THREYNIHE S 2 MR e MfiboTHD,
o] & 2> DAFEEIENY - 53 TAEWMFNA R E %@
LT, COBMAREINDZLDHD, L\nHT
BEMEZRIBL TV, 20X RHFLVEEIZOW
T, ATEIY - ERHEIRET £ DTV RETH
%9,

—%, & MU OB & v et B R AT o
FEERL, SR R->TETVS. LaL, i
DA & o THE SNDFFETH 2 FHE (B
Hwigll—RAREG b4, Kastak & Schusterman,
1994; Sidman, 1994) R, WEMEOFEE & AW 55 %
IRz R & B 5N 2 HHBIC & %8R (exclusion:
Kastak & Schusterman, 2002; Lipkens et al.,
1993; Tomonaga, 1993) &\ o7z, BED 5 F4F
HIZOWTOGTIIELETHTE RN, 20X %
SRR JE B RE S DR 2 AT, SRR HAS
BT A M TIEREETH 5720, B TOERLY
MHEHPGHDEATH VT 5 L Bbhs.

BB BHEAT) HEEmoh T, WFPEIZED T
WTHEHAEMICIEAZ WD LRV, ZhZ
A%, b MREOGEE, JERmBEIEIETE, AR,
SRR EEAMTICELZHLE LTHET L E V)
RS AR CT& 72 Stk MRERFEEIC BT 2
Bargia BCBiT HSh, o, RIEETREI N
L% Bk 72 FRSNBERE & ORI B & BRI LT
WS ZEIZE D, WO LA ERIZOWTHE
WIFRIZE DS DT LWL H 2 LT
X9.
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