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Biconditional event and logical equivalence: three types of uncertainty
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In formal logic, a conditional such as “if A then C” is defined as material implication. The truth value of material
implication is true whenever antecedent is false. However, from the standpoint of practical judgment, there is a controversy
as to whether material implication accurately represents “if A then C.” One of the alternatives to material implication is
conditional event. Logical connectives, logical equivalence and biconditional event are composed of two reciprocal material
implications and conditional events, respectively. Yokokawa and Takahashi presented experimental results of human
judgment that indicate the priority of biconditional event to material equivalence. In this study, we classify uncertainty which
is inevitably required when conditional event and biconditional event are discussed into three types, and think about

uncertainty from a theoretical point.

1. [FL&IC

(RS T2 OIXHIE AR AVA. JREL DAY B H I T
Wr, 55 5F30THD. ZOHIM - G4 & FR BEE RN R b
L7cb o338 5 & (material implication) &FEENLD. LLAR
25, 20 kSO F\ i [Wason 1966; Quine 1952], 5
BEED, p/ebiE qio &7z B E R HIE - S ST ER
BRI QRN D TIIZRWDE DR DD

FEEBEITTOEIEE R (p) BE(T), %4 (q) 234 (F)
DEX (LT, 2O TF LHE9. oAb RER) 04 F T,
FENLSMEIT T T &35, iEmnidaD1E FT, FFDLET,
FHEEETEWTNG T Led. BOROFTE 2L, e
TR DD o T e DIXHIE ANRALS |, TRIAED e T
RBITHE 2NENRD | THD. 20 2 SOFIDH L, FHCHTE
WXL B H BRI L, EEMED T ThHZLITH
DOERMNHS.

ZOIIRFEEEBEOMBICHLT, TOXREELT de
Finetti 18725 p 2251F ql D ERALZIRE LT~ [de Finetti
1937]. E AU TIE 954 (conditional event) &FE)E
, TOEIYEIZLL OB THA. TT OLx T, TF OLX F
THHDIXFEBEEHELFLTHD, FT, FF DL I A&
(uncertain, LAF U &) 1L, DED RS o728
), B TR T2 DI R S END | VD S 30T
[EZSODBRNENHZETHD.

JT4FE, Over H[Over 2009; Oaksford 2007]i%, Z@ de Finetti
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Dlp 7251F qlEEEAL S IH AT X A 2 He i DR (New
paradigm psychology of reasoning: NPPR) | Z#£"E L 7=. de
Finetti D p Z251F quid U D EOIARE 12 ETe720, NPPR (X
AFDHEE U ZETbDl L THELEZIEWIRATHA.

B - AR 1] 2013)i% Over 50 NPPR IZ5-L, 2 2D lp
2HlE q) THLIFEHEE BEEMMFFEGEENEnmmEtL
72 T & PR A %5 & (logical equivalence) | & B & f - 25 4
(biconditional event) | E BB, Kb AR DMK & HIFEICTE
KALL T DB R TR E T o7, EBRRERIL, WA
GOENMEER LT,

T2 IR T, B - @G O EBR AL R O BRI R T
LT, WKo0D U, ITRENZOWTHERTS. 81 EiGo
FBIL 3X3, DEV ZEOERERL MW, O ZEEIE T,
F, ZLTUDO=ETHD. 2D UB1oHD U ThHD. IKIZHE
FEFRICEND U, 2 2 95HD U Thd. 2 250 U
i, EEERLEEEASTHREA, HICERKEMEEICE T2
HEDTHY, WD R —BUITTEARV. HKH%IT, WEMAT%
ZOEBEROL T (FRIFETDH U IZHOWTHRFTTS. Zh
137 L — ARAE[McCarthy 1969145, #%14 5 it R OHLE - i
INOIBFREE Z DBICEERLOTHY, BHEROMOES
WZHND U LI —f2md . Fxidahbd 3 20 U DEWIC
DUVWVTHRFT 5.
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5. BT, A IZZORE, TUNZOWTHREFHT .
HIERZEE f L2854, Tp2abiE qlik p BLW g

EANETHHIITHD. DF0IpebiE qizE r&35E%,

r=f(p,q)

L2 EBORBKE L TETD. EmEAE 2SS, AEE
LTCT, U, FO3ORh5. £, BEEEE pDq, T ES
Alep DWT O TRBIT B JEE L THEERIZT, U, F 0 3 fE
RO, ZOANELLTO U &, HAEELTO Ui E AW
IZR—1TELDTHAID.

ASMEELTO UCIBEZZ T, T8 —0 UJERES) 1T, 3
BIOFRGIZEATIREEERT. 20, F—0 UzHlcs il
[RBRBFESTZ I DEIDNIRE | THHLEORIATHD. F4
I$ 1O THHOT, UL EICHDZE5>THD. L
PHIRIE 1 ZFFLTODO T, HIWHEED 72030,

—J7, MBI, 2 DOFELOMAEHEIZET5H e
DTATEDHIELY, VM THD. 2O HEDOVEST
D, HEELTD ULIRE, T 0 UJERES) S ARFER
WM BT O EM CTh B . BROSHEEEVIE, F—D U

TR p, g D& ICOF AT VI P_RLDTRLTHD.

—7, F D U I{p, q}EWVIERITOTEHTLTHY, T

BIOVBIZRBERRER R IS HE 2N, O RAF 2L~V O CTHD.

HHE O, B MEmEBICRBWTL, INbE—0EH
E(CEOEEIE T £ F) &3 o E (R T £z
1% F) DIREINZTFENTWD. AL T, pDg) A(2rnk
IREDIFENHFENTODNETHD. DD, ZOflIzBN
Tp2gé qor OEHEITVTNLE _OBEHETHLN, £
NoxE—OEBEELTHE, eI AITHATHENS
Thd. HIMEIE, YROIDICHIFIHEA SN TONBEND
ZETHD.

REUIZE L =HHRBICBWT, LREFEER IR
HOFEHEFFT X, ZHUTHE—O U EE 0 U ORFIZFF
LizZdbren, RS, A I A LIBT3 4 glp 13,

dllp = (alep) A (plea)

EETD. o THEDLZA, FAHFERTIIHRIVICERHE
NEHONTERY, T7bbE—0 U LE 0 U ORFANZE
naTna.

RETUHITOMNERN DT, FO%H—, FE_0bL0DIE
FHEEDT0 T WEES b EN . fEDNS, T(F) L& (14)
THHZENR, D> TN LIERBAIRETHS. £D—HT
U i, TELLUIMETHDIZEES X, Do TRV Eh Ade s
B, B T AUCBELC, BFICE o U 2B T V-shaped
ordering 72%/ > [X[Davey 2002] (X 1) #2424 %[Sawa in
preparation]. V-shpaed ordering (Z_LFEDE57% T & F, BLW
U OFFREBEAEHITHD. OFD, T, FixlbhoTnbIenb
Do TNBIEVIBEBRICEBWNT, U KOAFL~LTO BE R
WL ZHUCHLT, o U icBELTE T—1E ), F—IE10
T, U—TREIDZEDELLTHRW, EBH 60T 5 AR
BHHEVHRAXDIIINHARTHD (K 2). ZOIHTHEEN
EYE—, B oBEEEICELT, 2EEIRNICHE->TRh o
Dy, FTo, R HIR ISR S 7oA F G 3 A O oD
RELLLUTRVENMEZ R T 00, ZOEBIZET diEmiLs
PHOFEELTZ V.

T :

U

L OEHE T, U, FOIERFBEFRERET v EX.
IORIZ UST,USF, ZLTC T & F ORIZIEAR/NEIERA D
MIRNZEEFRT . Fix 1T % V-shaped ordering L4 -Si)7-.

T

F

2: 5 —DEHE T, U, FOIEFERERET v X,
IORIZF<UST%EET.

3. BE=DAEELETIL—LE

FRERASME LT, KA OHIET~DIT L S& 7R LT
ST FERICBO T, BICHEEORRDRENUIBAFET
5. EREMEOL T, FF OEME U Thd. Bx Tz Tin
FIE=0D UJEES. =0 U I35EHEEZDBEOEDE
HTOMROINTORETHS.

WS EL O, TT, TF, FT, FF 2% 2588, %
I MoV T oS Eb TN b0 BEHRMIIIEIC T, F, F, U
Thbd. ZZTINED ANED 4 fix, 2 >OFEGDOHI B
RELELLDNEIS (T7ebb TE2ETe), THFEbOLLE
BT & ERD) VOB G, {TT, TF, FT}EA{FF}O
2 DIZXFTAHZENTES. 20 2 IV —7DOEMBEIZFh
AT, F}e{UYCTh 5. REMFTHGEREGOEMEMEEZRT
O TFLUTEBMMEE RUIZEVOHEL, UTE2EETS. T
mhb, B 2 DOEGOEMEMET, DR EbE LT
HOERMHEETHHANICENT, WE NI s kEE
B9 ZAIUIRGMAT FEG AR P TEX DS, LLTDIoI
BEFTEDLIEELIDEHETD.

P(plla) = P(pAa) / P(pV )

=458, {TT, TF, FT}2 772 TEH MR aeELL, =
NUSMIEZ TN, Z2Tp L q BRFISEZDGA, p & q
FETHD, LTHILTHD.

FDEZDHHEAOLFINGD, T 7w AR HER MR 2{FF} CH
5. NS F, FOEMEIT U L%, FBiY5E FF OX
PUEZ T &9525, Ziud, 1) HROIMUICHL T 7 EAREET
b5 (MFUTT 7 BEAR MR SG AT, LRIFFZLOS, 2)
HTHD, £V) 2 DOBBERHLTND. Fx LI hn, X
ST ERD GRS EICED 1 SOBEEE XD, DFOA
ML, 77 BAu el RERRLLTC, ZOHFNLZONE R
ML CND, EEZB.
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HROIZDHY, ENPZDOREWRZRTEH 3O U, Z0
RNEMZOLOZEERNEL TR OFH, £/ ~—av
DIFRKZHHNDD. KRARICE 2L o5 {TT, TF, FT}
LA FRYOE RO EIRANREIICH 725 (K 3). OFY
{FFHZH > TobAH R ED G (IEMEIZIE, {FFHI R OSMl7e
DT, HONDZEDIRN-T, OFNPZIIREE T2 HR)
DOFEMERHBNIARY, EHE T /213 F 25200728 X(C
BEFOWFYTT, TF, FTHIR AL TS, ULy, BEamo
FYLTT, TF, FT}OFFMER I LA BN, ZIUTEDOE
%, BT — A=HREEROHELEOHREEDOLODIE
HREMEDRBLTHL 7 L — ARMBE[McCarthy 1969125t &35,
{FR}DB{TT, TF, FT}~DHE DR AT TL —LDHBETHS.
HHNTIS, BBMEN T F2013 FIICHELZEROEHE
OEFDITONGE, TOELTMROINU{FFHIE LT
WIS EIINZRY, 2T T L — ADHE/INCFHYS 35, SFD,
ZOATT, TF, FT}AFFYO IO ROLHIRD A R =71 —
LDETZENIDITTHS (K 4). WiRBITHDA, {FFFEW)
ROIMAI= N7 7 =TIFEFF o720, HRITEEMEZTC
W, ZOFESMENHEEIN, FIZZFOFEHPFHINIOTHD.
ZOEWTH 30 UL, BEMERICENDMO UEE 0 U)
Ll —EEL, RO, BXOZFORENCE W TR IC
A ARE R
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4 VM FEROEIERE 7L — ARTEO R W
ARG ERfEIR T, pVa = {TT, TF, FTY(ERER) ofh T
pAQ = {TTIRVINZE I EHET D, HRADOHBTHD
{FRYD DI AL DOIERESD, FIIF{FFy A KO L
WX, SO 7L — ADEER (GRAEHRE) , 71356/ (F )
T5.

SE Xk

[Davey 2002] Davey B. A., Priestley, H. A.: Introduction to
lattices and order (2nd ed.), Cambridge Univ. Press, 2002.

[de Finetti 1937] de Finetti B.: Foresight: Its logical laws, its
subjective sources, Studies in subjective probability, New
York: Wiley, 1937/1964.

[McCarthy 1969] McCarthy, J., Hayes P. J.: Some philosophical
problems from the standpoint of artificial intelligence,
Machine intelligence Vol. 4, Edinburgh: Edinburgh
University Press, 1969.

[Oaksford 2007] Oaksford M., Chater N.: Bayesian rationality:
The probabilistic approach to human reasoning, Oxford:
Oxford University Press, 2007.

[Over 2009] Over D.: New paradigm psychology of reasoning,
Thinking & Reasoning, 15(4), 2009.

[Quine 1952] Quine W. V. O.: Methods of Logic, Routledge &
Kegan Paul, 1952.

[Sawa in preparation] Sawa K., Yokokawa J., Takahashi T.:
Modeling biconditionals: Biconditional event or material
equivalence?, in preparation.

[Wason 1966] Wason P. C.: "Reasoning"”, New horizons in
psychology, Harmondsworth: Penguin, 1966.

(BRI 2013] BYIRLE, mffiE ORI SCOBIECOEL,
2013 4EE N THRE R EE KA (5 27 1) fw3C4E, 2013.



