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EZ AT, ZOBEDHE (Introduction) 3[721]
EZDDBRENSRON D TNWDDREM, KE
DEFE#EFI ERTH 5,

I hope to give you a panorama of the princi-
pal views on the foundations of statistics, so
far as that is possible within an essay that can
be read at one sitting. A wide variety of opin-
ions should be fairly presented, but concealing
my own opinion, if I could, would not neces-
sarily be fairer to the others than laying it on
the table.
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themselves.” Tdh B, < DFETFRIC L - T,
ZOBEMMREALD ELTWBERITHEDIT
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% 3 i /% What is a good system of founda-
tions of statistics? T ®H . D EHDOEEG
[723] —6[724]) Z5I< &R TH 5.

Whether one ought to or not, I make little if
any . distinction between the philosophy of statis-
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tics and the search for a good system of foun-
dations of statistics. Let me say what I think a
system should achieve, without pretending that
my criteria are either incontrovertible or com-
plete. It should say by implication what consti-
tutes good statistical practice and why, that is,
it should give statisticians convincing reasons
for doing what they feel sure they should do.
This is a little hard to put carefully,” for I do
not mean that a good theory must comply with
all widely accepted practice. In particular, if a
theory were to lead to the conclusion that some
common statistical practice was wrong, that
practice should be carefully reconsidered, and
perhaps abandoned, in the light of the theory.
But often a theory of statistics leads to some
such conclusion that, on reflection, must itself

be rejected.
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%, MHEOKERE L TOREERE] OFIA
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MEAl @ 7% OfEEZ—BL TEHT
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D7 OMENS TEENIC EXkTsi s
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WX ZDOBEER, A7 OAENETEN
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R, XA D7 OB TREL, imperfect|
TiH->Th, HEFOHEYE 2EBRTHH
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Ehizonickm Gl24lo 3 HFBO) B
HEBIK LRTH B,

Sometimes adherents of a statistical theory do
not seem to regard an absurd prediction as an
imperfection; they take the position that, since
the conclusion is absurd to a competent statisti-
cian, its occurrence is no indication that the
theory will lead people astray. A person
brought up in the tradition of the crucial ex-
periment will not be satisfied to call an absurd
prediction merely an imperfection; he will con-
sider it a disaster that simply disqualifies the
theory. For myself, these seem two workable
ways of talking about the same state of affairs.
Since I despair of ever seeing a theory that
says much and yet leads to no wrong conclu-
sions, I am pressed to make use of the practi-
cal notion that some theories are better than
others and that some may be nearly correct,
impossible though it may be to characterize
such relative notions in the framework of for-

mal logic.
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59, TBERICE-TWAFH)] 2L TL
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B TR HOTHB] WD ERE/H
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oD i) &S NREALE] ELWTH
39| ENSHFORNERIFTZIHRDOT
HB, TTTHEETREROW, ER O
DOHEIZES Z O THIFORRS 8 (T4—7
JVR) BREOBEIEBWTHRICEE DT h
BlznELTSH, EIZh <20 NEBRN)
M OBERERETHIEELEENWSZET
5, W, &< DZEEED, EBXLML
Bz HMmICEe<ELR W HEf 258
BRI RH LB O E WS ELE, FIIK
WETBHIZE-) &, BEIRBRTWS,
ZhickE G724l 4 ZHED) BEIE—
DOXLDIHIMERD, ZNEFIK EKRTHD.

Apart from having incorrect or absurd impli-
cations, a theory of statistics can be regarded
as inadequate if there are important aspects of

the statistical craft unaccounted for in it.

ZE, THREMMRIEEOBE THHENH#
BEOEZERIMH ORI 2 FHALERN TH
WO, ERNICRRESEEENES] EnD
ZE&ETHB,
ZDROBEEE 617241 —7[725)) TH I = VK
TR TREIR BT B 45, descriptive statistics] T
k9%, ZITENSSD Il LT
TA®DL, the human mind] DEIIZT —F &g
R BEOOEEOEED ZOIEN, TDOF—
5 ORFOBRE, LI BED) ANE
BTEBHLOTHY, BRARTAFA 7 ERE
THHDOTHD, AEROEEHICEIDDT
BRWZ EWESEENSDTHS., 2OLD
75— OERIUEUIE, SE<LHEEINT
W3, ek, o7, 51 72
A—3/3 >, animated cartoons| R EEFIHL
THEINDDTH B, KiZ, [Z O, this art)
ZONTRELDZ EBHENTED, 56T
EZLDTEBHENDERETH D EHBL T
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9 5.0 %, the psychology of perception] %
i (NCET2) LEZOLZOAEEHES
TWd, - T, THE=E AT S TERH
2l (BB HERNR]) HROMENS [
wEErE) 2EELHRT S 2 EMFEFEINT
ZizDik, Ebid TR KETSDTHD,
e MR » MEEREEEE DWW TES
ZE-TiRWanEL TS, EBIZ(EnD)
0 THE 2RBHEETI &, #Yk
HEFTREWTSHS5, LhLen [EH) *
WA ZEBI) HABBICE, 0 [H#
3 OFTTIE BREHED) HEELTAAHLT
HDZEE, BHABDMMIFFITEHRL THBH
ERHBLDTH5, MerEREFERHLESIZ
(DFEL) EHLED ET505E, Rl
FHEI IZDWTO THHTRWEMR, nontrivial
things] ZERHBDLERHDDTHD, N
BT PRIEZOBREORBDOXOG[724] -7
[725]) T, ROLDIHEFEL TS,

Unfortunately, descriptive statistics has until
very recently been in grave disrepute in the
classroom, largely because of excessive respect
for philosophical and mathematical theories of

statistics.

ISR OMAERVHECLEETH > LD
T, (MF0D) HETOMEEN, BKENRZS
REHAAD I LRV BETNS Z L2 R
LTWeDTHsd, £k, Rk %
RTITRENS I LbBEDHTNSE, Ln
L, f4%until very recently &Wio Tlhad kS
2, T—F T ER T 200 HNEAICIRS
o T, MRREErZEl ~0 TFii HEL
LDODHEDTH5S.

ZhTHES (77251 2 BE D) BEEE]
SERTH 5B,
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The same trend that has revived descriptive
statistics and. led to new respect for puttering
about with the data in a relatively informal and
unstructured way has brought with it an exces-
sive disparagement of formal theory in statis-
tics. It takes experience and judgment to arrive
at the right level of formality in a given con-
text. Great clarity and precision without formal-
ity seem to be difficult if not impossible, and
there are some things that can and should be
said with clarity and precision, some that can-

not, and others that should not.

BER O D FERBEIYU TIID 2D TiERL,
MDA T +—IRROFTTF—F & (&
D) DEROSREBIBBAICRZICHST, D
£V, MEOF—F & EDHITEET RN
BENDIRK-T, HMEHLEREBITS (T+—%
Viz) TEERR) 2BEICEE T EEA (—#
I2) #UTERDTHD. HZA5NERAEITH
WTHEIERKED TR, formality) %75
T 5D, BENMNERRCHEISBETH
D, ZZTO Mt &k EENERRIC
L BRE] Tz sn, EENEBRICE
HRE EHATTICEE A REE.
BAZER, AETEHREZNVWELTD, &igh
SEEBOFEEES>TENSD, LNDHHIHER
LDEMTHD, WX RUEREL) 245
THHTES (LMhBEITRE) BEFOLY
HFETZ2OTIERRL, ZOLDREHIRERE
THho70, ZOXDRFHREZBEENIIYUTIID
HERETREBVWREDEFEELEZOTH S,

EhlcZhicmE<BEESIL,

As is very well known, every formal theory
is completely impotent without an informal in-
terpretation, which can never be nearly so clear
and precise as the theory being interpreted.
Everyone familiar with the philosophy of sci-
ence knows that to put the crystalline geometry
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of the mathematician to everyday use, you
have to get down to brass tacks. A simpler
and even more striking example is that of
mathematical probability. This is so pure and
simple a mathematical structure that it serves
adherents of widely differing views as to the
meaning of what is probable, as each subjects

the formal structure to his own interpretation.

N7z, formall BHRM, (Z0 TEiml 8
NWRRBHDTHIN) 1 27+ —<IVIRERI
Uizl TREIHT 50 22<Hb/RRn
i, DEVICHBELKHLGNTVAEETH
%, Lhd, 2O 1275 —<)VifER 13,
fERah 3 T8 BICXRL THEN DRERE
EREDBRN, THRE KBTHEEROR
fiEE HENAERICRHEL LS &T3&, (R
ENRBERNS) HRERKE D TEEINICEET
H5EHErEh Ty, EEERD AT
BREBNDTH D, FENL FEROER 3
(FEZReR SIRIN SN, TMTEMSLE] &1
farr] EVS TRV KHUTRESER- &
BMEZHOFERLED, TORBOEEITHMN
b5, A—07+—)liz [HH 2 (O
D TRERH) &) FIFATEZDTHD. 05
&, FNENORmEN, WM #E28
O (TRE] THT3) RR CEDERE
SETNWBEDTH S, (b IFEEM T3,
Kolmogorov D/ NEZRWEEREHz NS5O
7, EEMP2IEEYS S Bruno de Finetti 13,
SEEmEEORERZ nE] L TEFEDRY
MBERFELTHED, YT PKD ZD de Finetti
DNBEEZZHFEL TNELDTH5.)
ZhicgE (772510 4 BEHD) BEZES|
{ERTHS,

There seem to be many things in statistics
other than descriptive statistics that must be rec-
ognized and talked about but that do not neces-

sarily lend themselves to formalizing. One is

the notion, already mentioned, of a nearly cor-
rect theory. A very conspicuous one in person-
alistic Bayesian statistics is that the preferences
of a real person are subject to vagueness.
Thus, it is an idealization to suppose that you
can rank half a dozen proposed menus for to-
morrow's dinner in order of preference. Actu-
ally, you would probably vacillate in some
preferences. And when the choice is not be-
tween dinners but between houses, jobs, or
spouses, the vacillation can be agonizing. In-
evitable and important though this vagueness of
preference is, not everyone is agreed that a
normative theory of the homo economicus can
be improved by incorporating vagueness, and
formal attempts in this direction have not yet

accomplished much, in my opinion.

(et SIRINh 5 EEIciE, [RREEEH2E)
DEIIT, Rl T52&8 WTFLD)
BB TRARNWY, B<FEZREINBELHBEASINZ
TSRS IENWERAZ< HBLEE>TRVK
SicBbz, FIAR MFEAEEL N H
Ml EVOERBEDTHD, 5K, (R
FHIKEELTNWS TEAl © [8BEF, prefer-
ence] WHETL) XA IHEFE T, E&xb
ahiz MEAl Tia<) MEED) BADOR
HFAELE S 25 (BEBRE, vagueness)
DOEENH B, FIAE, THHOBREDLEDHOD
AIHER AN DDA Z 2 —% B H ORBIFICHE > Tilff
NRBEZEWTES) LS FERIERbENE
(Biafzl &> TR TEE| THoTh, M3
WD) Bizic] DBIE< EHEDH DOBIFIT [
N#<, vacillate] 139 TH B, LD [EEHR)
BRFICESRRTIE, AIAERPEE, LT
HEER SN HRRNTHE, bkl B
DEFO FENEX) 13, B6<E THak]
CHLUTHROOERZDELTILETHA
5. O NRIFOBEKE) JHEE2EHTSIE
DRWBMNPDEETHDIDT, 20 [EKRS
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EHBANTIE 7 +—<)biz THRl 2HEELX
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WA, Tl @) BASRER (510 &)
bONLWB—DDORM] KEEHRISNED
TR, TORKIE, ZoX37IKRE)
DR E % [Hixjc] NEDBI LW TE
5] EREEINhDZ&E LS, LMLT DL,
ZOXD7e Tmies] ITHT 2 [Hixk] ©
MEBRE | HEMEER2 I T THB. DX,
MERE ] 274 —<IHAADS ETH &,
MRo7zn TBRE] ORI KERLESD
JTHB, (FE-LI/IJXETHENE
5THAD) Eafbahiz MEAl OFEFEE
DFIFZHETHRMEEITHEDINT THEE) %=
WALD ET BT PRI, BERE) 27
*— IV AATTRERE, B ARIFEROER
DHMrEE CREL) BHEIZLT, Lird
il OEERILEEE DI DEESIRRNER
WHUDTHAD LHBL TNEDTH D, #
&, 73—z DEORMEEEICEAED
T, MRS OFEl ZERLTITISET
5DTH 5.

2B, ZOHOEXEBO—XEBIK ERTH
%. Whatever we may look for in a theory of
statistics, it seems prudent to take the position
that the quest is for a better one, not for the
perfect one. SEEE/REMmARDDIDIL TXKD
EL] BRHOERERTHIENERTHS, &
WHDTH D,

5. [H#E) 0FEH

% 4 #i VX The importance of probability for
statistics TH 5. ZDHIIEZDDEEDHIN DS
RO, wiOBE(71725] —8[726]) THIZ, BXA
TF—FEHICERLTNS, ZhEI &R
THb.

Statistics is about uncertainty. At least, I so

understand it for the main purposes of this es-
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say, and it is so understood by most statistical
theorists. Perhaps a statistics of the relatively
certain is developing. People are increasingly
aware of what are called data-rich situations, in
which the challenging problem is model-building
rather than error analysis. They ask, “What, if
anything, does all this bewildering detail
mean?” rather than, “Just how sure is the con-
clusion?” Perhaps this area, which some call
data analysis, will someday have a theory and
a system of foundations. -Indeed, the personal-
istic Bayesian theory already has some implica-
tions for it. But the subject is highly empirical
because it is intimately related to descriptive
statistics and for other reasons. To be good at
data analysis implies among other things having
serendipity and a prescription for that is hardly

to be expected.

iz et AR EECES ENnS 0
N (GUzVKEEEED T KRHFOEAR
DIEN, ZZTHEBA T —FETcsE kU
Tnd, Hife LEBoLERr—FnES
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FEOKRIZEIC EOBRERMN DM A5HE
bhizoiER, F—FMFTiE, TZofis
LB m5EFEE, dLAhddETh
i, BELTHE2ERT200] &5 TR
A, WEERBOTHE, ZOF—F @A LIE
NS HOEBERT AT LN, WDDH
PERINBENBLNEZNOEN, LMLESE
DF— & fEHTIIRD TR 2> T
5DTH5., LOKRBOXTY T VERIHIRE
HEHELTWE XD, F—FEHEl5EL]
57D, TEhhFER 2958, seren-
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H11 BERTDHEVDERTES L (508
13) HEEDLIBVWOTH S,

Zhici< @B726]m 2 ZHE®D) B#EZS(
RERTH B,

Returning from a digression, I repeat that
statistics is largely, and perhaps in the last ex-
clusively, about uncertainty, and the analysis of
probability has always seemed to be a tool—

even the main tool—for handling uncertainty.

Mt SMEINZESOFEEBNED S
DIz b, THEtEl BAEERICES WD
ZERESLELIDBIRNWEETHD, (FEE]
B DML, TREEMEZROED 20X
ERERTHHERBINTEREEELTHEN
KD IBEbNS, ZTTHLTREROR, W
U r VEKIEAREEEOSREBELL TNBD
THY, TOPITIIFED MK DOERBICH
TEREEEDUREETNTWEDOTHD, B
2T, TO ki) BETHS fER) &70
SHTERs, MR THEIE KEEhERETH
BHEMIIEATNBDTH S,

6. MEE| ICEATBEDDHOEER
# 5 Hi I/ Meanings of probability T & 5.
ZOEEOB%E (8[726]) #31< LR TH 5.

The differences in theories of statistics are
closely associated with differences in attempts
to define probability, so I shall briefly discuss
the various meanings, or putative meanings, of
probability. The ultimate problem here is not
really lexicographical. It is not to discover how
“probability” is used in certain contexts, nor is
it in any way to find out how that word, or
any other, ought to be used. To build a sys-
tem of foundations for statistics, we need to
lay hold of any concepts that fruitfully organize

our thoughts about uncertainty, and we may

B E 20 R 54—1

anticipate that one or more notions of probabil-
ity will be among them. For example, utility
is a concept very different from any sense of
probability, and yet it is almost as essential to
thinking about behavior in the face of uncer-
tainty as probability itself. But for everyday
statistics, utility is somewhat less important,
and I must refrain from discussing it explicitly

in this essay.
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5iE, TREZ) EREBkIC, A1 B GBI TE
ORI RV FENEEETH 2. 72
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Zhizk< (B[726]1%5 5 #i 2 R 3 BH
D) BEEBIERTH S,

There have been a great many attempts to
define probability, and new attempts and refur-

bishings of old ones continue. Complicated

though the situation is, the myriad attempts to.

define probability are spun out of relatively few
threads,
opinion, right thinking, frequency, the almost

such as the concepts of symmetry,

certain, and perhaps a few others. The riddle
is in part to know which of the attempted defi-
nitions make sense and which are seriously cir-
cular or otherwise intrinsically defective. If a
definition does make sense, for what purposes
is it useful? Are there other meaningful defini-
tions useful for the same or for other purposes?

Of course, no taxonomy of all the definitions
is at once simple and complete, but three main
types of definition are generally recognized,
which I shall here call necessarian, frequentis-

tic, and personalistic.

Win<BR7R TTHEZR| OFREORS] 2%
TNTEEDTH B, VU VKIS TERR
DFE 1 EHE 2 # 3 HT, MR i sk
Ex, IEERORME, objectivistic viewsl, [f#
ANFBY RA%, personalistic viewsl, KT THE
R, necessary views] D=DIZ/HEL T
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WBY, LORBOXO MHEERM, frequentis-
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D, o TR CEEL TWSEESRRES
12, EARNARICE-TOESEH IS &
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YU VRN RERERICET D) Oh0
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THd. EE EHHEREEESANL, THE
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cases] EWORBEHZANVTRBRYT 5 Z ENHE
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Ei] F—5TE, hBADOHED REE
WHENS L] BEhs LBEZNEDTE0T
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T DOFEE W, ©U A5 the principle of co-
gent reason EERRELDTHAHD LEES
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Keynes, Harold Jeffreys, % L T Rudolf Carnap
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Modern necessarians would consider it a na-
ive error to look directly for equally likely

cases in terms of which to compute probabili-
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ties. Rather, viewing the theory of probability
as an extension of logic, they seek to define
an extent to which a body of evidence logically
partially entails a given proposition. On the
whole, modern necessarians seem to acknowl-
edge that to do this ifnpﬁes doing it for the
special case in which the body of evidence is
tautologous. But thus formulating correct opin-
ions for the intelligent but blank mind seems to
some of us an implausible task. Necessarians
are usually temperate in their claims, acknowl-
edging their theories to be seriously incomplete.

Nonnecessarians may not find even the ostensi-
ble beginnings of necessarian theories to be co-
gent.

Few modern statisticians, as opposed to phi-
losophers and others interested in probability,
look in the necessarian direction. Harold Jef-
freys is the notable exception, and Ronald
Fisher might be said to have fallen into a
necessarian position with his espousal of “fidu-
cial probability, ” though he would have denied

the imputation.

fsShd GHESh3) HHE 28032
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One great difficulty with ostensibly objective
definitions of probability in terms of frequency
is the ultimate subjectivity of the judgments of
similarity of trials on which application of such
Furthermore,

definitions of probability are liable to circular-

definitions must rest. frequency
ity. To determine empirically whether the prob-
ability that this coin falls heads is nearly 1/2,
the frequentist typically suggests that we see
whether the frequency of heads in a large num-
ber of tosses is nearly 1/2. If not, then the

probability in question is probably not near

BB %2 0 R 54—1

But the

probablys occurring in that criterion are them-

1/2, and otherwise it probably is.

selves to be based on frequencies, which seems
to lead to regression or circularity. Of course,
escapes have been suggested, but they do not

satisfy everyone.
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A personalist views probability as a certain
measure of the opinions of an ideally coherent
person, and he does not expect each such per-
son to have the same opinions. Personalistic
theories are not usually purely mental but rather
economic. For example, a vivid, but not fully
rigorous, personalistic theory defines your prob-
ability of rain this afternoon as the fraction of
a dollar you would accept now in lieu of a
binding promise to pay you a dollar in case of
rain this afternoon. The conditions of coherence
usually adduced for such economic behavior en-
tail that the probabilities of the person to whom
they apply constitute a system of mathematical
probabilities of the usual sort, in technical
terms, a nonnegative, additive function on the
Boolean algebra of events, that' attaches unity

to the tautologous event.

YUz PRIZES 1971 EONEHEICONT

123(123)

BAmEL R %2, TEEMICESIR, ide-
ally coherent] EAMFFDOHEAE A icktd
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i) 3 O EAROEEERD, MEA
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B3] WRIZBWTHEHLBZNOTH S, |
AmEPBZAS TFER) 13, [ TEERz] EA
BRFT D (R TIH 2, HIETHME
Al HRHbDTH B, [EfERm OF 1 B
2 Hi 3 KD 4 FH OB THE AR RFEN
ROBIZUEL, BEOR—I RREXDOEH)
BTN TW5, Personalistic views hold that
probability measures the confidence that a par-
ticular individual has in the truth of a particular
proposition, for example, the proposition that it
will rain tomorrow. These views postulate that
the individual concerned is in some ways “rea-
sonable, ”

that two reasonable individuals faced with the

but they do not deny the possibility

same evidence may have different degrees of
confidence in the truth of the same proposition.
2B, HENZEES 2EOBIEICT 505
i, 2O MEAARIHESR, personal probability]| &
D THMICERET 5 Z LSRR DO TH B,

[SHOFRIZZZTHRAES DR 5IE, Hix
i1 BVEERET D) &S (REENES
NERMIZEFTLE< RN KU 0EEE 15
il BREZHOELT, [ZOMEB Mc
LN THBETB, DED, Thixlk) B
tRT 20 KU 2BEIRENHSBL,
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FMUET 20 KUl 2%2EEDH 5D
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Izl W&o TO) [FDMHEER & [0
B CORE/10ICk->T EET 5B
DTHB, [HiziliTE>TOIEDIKL]]
O TEB) IZEDWT (Bl iIEoTo ThE
| % [EHT D) ZOFAEIE, de Finetti (1937)
M TEEME, subjective probability] DIEFRZE
EETHBRICERLTWSA, de Finetti 2371
LTwakdiz, MMind) %295 1<)
DAL 2 AT BT 2] EWIKR
ZBWTESWE (H2WIEENR) A
W, BEO TEEmME] 25 THE] OMERT
FHREHNEHEZTLSI, BEO KU =25
%Fﬁﬁﬁjﬁﬁé%%mmmfééoFEﬁ
T DRBNRRTNWB XD, BERIRTEA
D Heds) VL, B THERIMENT IEICEH
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Wa Mo ke o EEl 2 (&H
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& O F FE L % the Boolean algebra of events &
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BBiE, TBR| bh5mMb cERERETN
ETH5B.

Zhizk< EA%% (107281 —11[7291) T,
BEARNERIINTZ2 I TR (EEW
73) BENRRSNTHSHDT, RIZFIL,

A personalistic theory could be given a psy-
chological and empirical interpretation as pre-
dicting the behavior of some class of “per-
sons.” As empirical theories, they are not very
interesting, nor have they very wide domains
of validity. Their real importance is as norma-
tive theories by which a person, like you, can
police himself for coherency. Consider this ex-

ample.

B E 20 R 54-1
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B Al KNUTEFTIEER (s
5mmi%@mrmmmjwrﬁw,_®ﬁ
MAEL ERDED FERICBITS) G
HTHNWESH 22800, BROTERE
LT O OB OMMEIC IR U WERART -
NBHUEDN, YU PRI, TOHERERE
WizbDELTROEIRETHDEEZA TN
50THd, DEDZOESEE, EA) E
FOTEEERUROMES L0 DAREEEX
5Hb0ELTHOHE N, > T, ZOERHOH
HIZBWTHEDTHS [FEI LTWaDT
%hm HHX (BEOFHBIIBNWT) @b
ZRPLTWBDTHD, Sl E&dbBONDH
BOfTA%Z BELRTNE Habskwngg &,
(HED) BERNLUTEEFIRETHSET
B5DTHB. DEDHEFOTEHEN B, co-
herency] {72 T LDIC (BEHDITHZ) W
DEEEDROOEELLT, 05, HECHR
HODOHESL LT, BARNERZFIHET
RETHBETHDTH 5,
INIHELSBRETHIIESLR EHOM
B T Tng, 2<OMMARLETH S 25
EMNEED Y SR [Hirlz] B> TET,
FN5 B ZONTHIRL &b —HOE—DF
EHDOEREENND (HEE] 2MEELTEDT
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B, (2540) FREREERHDONY -
123655 EDHY, TNEDINY— (D)
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b5, §T5EUMENREL LT EEMREITK
D, TAICEEHOHENPIR EDB—DFET
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DEM, Thixizl 1§, 50 EAEDA
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CEBITIT29] 0 3 BEOEEZEBIL,

The personalistic view was vaguely outlined
in the nineteenth century but mainly only to be
repudiated on the grounds that subjectivity had
no place in science. It was re-created several
times all too quietly between the two world
wars by Emile Borel, Frank Ramsey, Bruno de
Finetti, and Bernard Koopman. Though these
developments were more or less concurrent with
the great statistical renaissance of the 1920s,
they were a little too late and too ill publicized
to have an impact on that movement. Now,
however, the personalistic view of probability is
the distinctive feature of a school of statisti-
cians, still in the minority, to which I myself

adhere.

BRI RMRE, MHAYSICERE L EERITBN
ThsiE, B 19#HRiciEEzonTnkn
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WO, [RHRETEARESRY) OEEREANT,
[RAMDEEENTWS FER]] WS &
Bamriz) War TEEMER] OSE» 55
L, FNCdo TEWOEERNTERN 12
BRER|] OEMICHAAENTLED Z &R
LeDThHs, (rd, RAEEMHER CET
5 Z @ de Finetti DEERICDOWTIE, TEBEH)
DHEIEETHRUE 200146 A) (b
H0IEE QUIEI2ZADDE 4 %) 28R
INBELENTHAD,) Ll 1920 FROH
SHEOBERICINSOBRNEEEEZ BT
i, ZhoORXONEDOREMETE, 55
WIRRERDOLNeNBEL ML D TH 3,
Ramsey (1926) 13, A5% U= B4ED 1931 Fi
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D THEREER] Savage (1954) A TISAMh 5 5 M.
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MEEERCRST D LERHB. TITHEET
REBOW, [TRE] TBWTIEHESEEERK
ENARTNUTRSRWOTHD, EAGRIER
% [#{% KEBRADI &R, ZORBREOE
RIZKTDHOTHB] Enwd TEE &, ¥
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Conflict with the vaunted objectivity of sci-
ence seems an apparent difficulty only, for that
objectivity is illusory. We were all brought up
on the “known fact” that noble gases could not
form genuine compounds with even the most
active elements. In recent years, oxides and
fluorides of the noble gas xenon have been pre-
pared by the cupful, and we know mnow that
the “fact” was simply an opinion, false but
perhaps reasonable. To me, it is evident that
all the facts of science are but such opinions.
Of course, the opinions that Britain is an is-
land, that the earth is round, and that xenon
hexafluoride exists after all are extraordinarily
well founded, but I see no hard and fast line

separating them from more tentative opinions.
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ZOXRD (12[730] D 2 ZFE D) BT, H
T VKX, BANERO XD EARRECS
RLTWS, ZNEAD TREE2E] KESM
BETHD, ZhEBIKERTHD,

A more serious difficulty with our exploita-
tion of personal probability is this: Perhaps we
are too far in our capacities from the ideally
coherent man to benefit always by emulating
him. Unlike him, we are the victims of vague-
ness and of relative inability to count and cal-
culate. Indeed, were it not for these human
weaknesses, the theory of personal probability
would have no human use. Yet, since we are
imperfect, we might conceivably be led system-
atically astray in trying to emulate perfection.
An illustration has been mentioned earlier: The
perfect homo economicus, acting on his own
account, would never wish to take a random
sample; but random samples are important for
us, both when we are acting purely on our
own account and when we are acting in the in-

terest of others.
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Until recently, Harold Jeffreys was the only
prominent necessarian statistician (as opposed to
necessarian philosopher) of probability, but now
there are a few others, particularly E. T. Jaynes.
The objections to their position are basically
those to the necessarian approach to probability.
We personalists feel that necessarians claim to
get something for nothing, and this seems par-
ticularly conspicuous in necessarian statistics.
Necessarian and personalistic theories of statistics
do have important formal similarities, and per-
sonalists are deeply indebted to the writings of

the necessarian Harold Jeffreys.
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The dominant theories of statistics are still
frequentistic. They spring’ from the conviction—I
would say, the recognition—that an objective
foundation for the probabilities of scientific hy-
potheses cannot be found and from the convic-
tion—I would say, the illusion—that frequency
probabilities have an objective meaning. Fre-
quentistic theories of statistics have usually ac-
cepted the conclusion that since initial, or a
priori, probabilities are ordinarily not available
in scientific uncertainties, the result of a statis-
tical inference cannot be a terminal, or a poste-
riori, probability. These theories have tried a
variety of devices aimed at accomplishing statis-
tical inference without using the forbidden prob-
abilities. Thus, the difficulties of the frequen-
tistic theories of statistics are not only those
arising immediately from the difficulties of de-
fining frequency probability but also those im-
posed by the rejection of the possibility of de-
scribing scientific uncertainty directly in terms

of probability.
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Of course, personalistic Bayesian theories of
statistics seek to found the theory of statistics
on the theory of personal probability. In per-
sonalistic Bayesian statistics, as in necessarian
Bayesian statistics, the mechanism of inference
is relatively simple once the appropriate prob-
abilities are specified. The practical specification
of these quantities is perhaps the most charac-

teristic feature of Bayesian statistics. In princi-
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ple, each probability is an aspect of the opin-
ion of the user; he alone can determine it, by
looking inward and in no other way. In prac-
tice, it is extremely valuable to note situations
in which a wide variety of users will have
common opinions, or at least have common
features to their opinions. Exchangeability is
one of the most important of such features.
Others are expressed by willingness to accept
members of narrow families of distributions,
such as the normal distributions, the Poisson
distributions, and the binomial distributions, as
appropriate, subject to certain parameters which
may themselves have subjective distributions.
Incidentally, these special models are never
complete descriptions of a serious opinion, but
only approximations to it, such as we would
express by saying, “I tentatively regard those

observations as normally distributed, ”
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NEREY/Z, personalistic] X~ XHEarHE LD
HHREHNWTWSEYE, ZHNEBEFWEETS
(IEER TO) EANREROEREZERL &
LTOZETHAS. EARETHINEREY
THi, 1 XHeHFEOHER DRSO
EHESICEMTHD, [FEWD) BEMS (FE
BO) EE (N1 XOFEHICL-T) HHT
5bDTHD, TDWE, & [KF AEZLGN
TWBHED IZOTF—F 1 bl bEnD MH
] KXOWTHE, MEAl MOGEDHESR
ENELENBELTSD, IFiDl EEREI—A
—ABEDRTNL esian] 00 TH
5, DFED, N XHEERO R OBz
W, e © (MfEA) k) fBEORMES
BENTWBDTHD, ERZITHERETRE
Z &, EARMERRHIIBNWTIE, THE=E]
FWhr2b0ThH, BEIZIE—A—AL
FDEREBDTHEENDILETH 5, &
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MEAl @ MR X, 0 MAA]l o=
2 OREROTHD, F0 EA] BENH
BORARBERTHZEICE>TOR, fEh
EDBELZHORDTHD, FHNEBET, HA
DO ANl OFEZF I ZHBEL TN D HERE
HMICHRT A EPHDTEEROTH S, T
DS (HELTWS) HIEMOEEREE
LT, (de Finetti \2&3) 3 ATREMEDS D B,
EEE ORI & OB T, Y
NEZBNTVWEBEED EROLMH] DN
TO MEAl FTOREDORRL, MEAl ©
A=A ORBUAEHEBRICE DN TSI N
5L RRENBBIOTH B, 20X 4
il OFE LT, IEMRS5AT, Poisson F1, T
ULTZHSHREND D, B BEALH
TWBRREIEBWT, Z0LSRBEEENES
WHEANEFE TEA] OFE=F BMMEL T &,
BARERINTREVWESICEDNS, LM
L, 2hsoEbid MEFRZ) SmkEE, HE
Al @ &3kn) A8=F>% TERIZ] fx
ik THELGND IRl D/HRET
U TR, HLETH IFERNR) EYT
HORBNEDOROTHB, —F B
LT, & MEAl 28, EXEBNRIHE2
WATEHZOTHD, (BB, TITEEICH
principle THA%E % 4 ZEOXICERBITRET
H3. YT VKRR, HEO (AR TD)
BAGNRMEE, —YOZPE2HELTHRELT
WBHDTH D, FEFE] &iX, Eic T—A (W
BIZA)] MEDBZREBLOROTHY, ZD
—AIZBRWT, MICEDRZENTESE
£ RER ) OTHhbB,)

gk U1R2IOKENDS 2 HEHDE
T, THH) CHET 35 323ENERICE
BRENTWBDT, ZhzE 5L,

Since personal probability, together with util-
ity, provides a framework for decision in the
face of uncertainty, personalistic Bayesian sta-

tistics can be regarded as an economic, or
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decision-theoretic, approach to statistics, How-
ever, the two concepts of personal probability
and utility are theoretical counterparts of opin-
ion and preference, and it is possible, practi-
cal, and often useful to study opinion and the
change in opinion without explicit reference to
values. Thus,

kinds) is sometimes less self-consciously decision-

Bayesian statistics (of both

theoretic than is more recent work in the

Neyman-Pearson-Wald tradition.

AR AT, RREEEICER L TWS IHE
Al OB 68k 2EHT 3, &
BHIcRNTIE, toonErk->ToolE
i BSEEIN, TORIERE LT %D
ABREOER] PREMIIESLENTLE
5. ZOREMR MEA 13, EERIHLT
W TREER) 2ESL, (BHO—RYZNAL
LT?) #EERIINLTE PHE 20538
%, TITIRER) L EANNRERICMAZ ST,
Fhud MR Kds MEA oFe=d>
Tho, —F FH &%, GEERICHNT )
MEAAl © Ml OEETHZ, DED, R
FEEMIZET U TWARIRICBIT 3 REERIT
Eo T, THEZR) RO T3A] B> 0
ThHb, &TABHEHHERICB W T,
B OfEEIc (E#EE) SkETiciE=4
CEFOREEBIIIZEA S Z ENEEMD
FRARBROTHD, R IHRIE, 0L
BAEZAOEEBIFT20THS. 20
ZEE wad @ FEERNG) REERORS
B AVZF O OEEELTO (MR 28A
B, —HT HBROME] OIEEELTO
A (BBWiIE MEk) 2FETR &L
KRR TH B,

EBRNZHEIRIE, F—FOSTPNERE
THEEZWATWAEAANOEDIXaYIVE >
FOHRERES L ERBZTHED., —F, #
A (RA X)) EH#E, ok S afkarR
DHIEB &SI TN, FlXER%EE
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MHEERICHK T 256, TORSEER, BF
PEZLUERZ (oRlEELH) ZEICA
ntT, ThehouFEhrs [ERITLMBEE
TEBHRT) FNFhOFAL A4 2HWETT
ELHLDRRDAET, BHORERE (FHL)
BART D EIRNELERORTTH S, @
AR RS O, ZhdDEF—F0)
BRAOLERE DAY =4 ROTH 5.
Y DR, EEEHEORNT IS
DR & OREBRICED THWELERE> TY
5DTHB. EARBIRMS MEAl LT
EETA [HEME X0b, X525 R
Z (MEA] THLT #ycsick-T, T
] O MEA Z2EETEIRTEE, HE
HRMBOERFEESIE TBS] bR, EA
RNREMOREESL, Zok5k EA &
DOFEEDN TGENIZ] kEIhdbiFinkl,
DED7z EERI I EAl T3 (&R
Zh) BARBERTHBERALTWS, Lx
UREROTHNEARNTHN, HaH2ek
ERICPWTRERIIRI D7 U ROTHD, =
BHICPBWTHEITHERZERARH D LNWIDITT
BRnTH59, L LnERFE, ERNE
Ao OELHmOFACRE N3 K51,
HEIBOEESHIZRVICHHLFIEDT BN
TWBDTHD, L b MEHr)
S, EBRO EA] OoFr=F %5 %<
FHLTWA EEESRWL, BERERIICE
HLTREWEWDOTHS, B TzVK
13, TS D0BEHBOERBE TOERIIET
R72HDTIERNE LTSS, Box and Tiao
(197N I BT 5 L 5 BEBBUNA AHEHR T
[OF B B 5, likelihood principlel VB3 U 7
WS, EBEZJIINA AHEHER DREFRE)
tﬁiTé@f&é)

W, BERIHEIZOEMICB N T
@A AR RENIBEENS &5, HEOER
EREICHRRE I EERD, EBE E 6 #H15
(73310 3 BHODBREZSIK ERTH 5,

B B 2 0 % 54-1

Personalistic Bayesian statistics can be viewed
as one more step in the development that began
with Neyman and Pearson and was carried for-
ward by Wald under the name of statistical de-
cision theory. Yet, the newer theory sometimes
gives the appearance of being incompatible with
the older one, and some adherents of the older
This har-

mony that sounds like discord is worth ex-

theory strenuously reject the newer.
pounding upon.

Neyman-Pearson-Wald D #E % & 51 —#1
52 ETERARBREEICEEDE NS
ZORMY, FERAEERBOETICERRIA
BERDEVWSHIT L VROFRITLDOTH B,

Neyman-Pearson @ fii 1, &ieh < THER
B7z) EREFALANENIIIEEHEELT
EDThHD. BRI I D —BIC, G
O Mg oX 7)) MERRR) BRITHL
TiL M) 2R LansnsSok, <o
ERE) RBORETH-ZOTHD, 20
THBOXRFE LI, BU sk wEEHH
TERYDHEMELTEEDOTHS., Ll,
FERNZ REEGREBELTERALELD
ETBE, BOIBTEEZEFTO EUsH
7] ERIZEZELTLESDTH S, (1,
Z D ZFE 3£ 3 Lindley-Savage argument 1 & o T
EHINDOEN, THIZDOWTIT Savage
(1962) B O (19944 3 A) (B2 WiE, H
(2001 12 A b)D% 5 F) CHHAND D.)

Neyman-Pearson D EiRE, 1 AR E 188
BOBRIZASNDELIIL, TOIBHANEIN
DRFICBNTIE, Z< OBRSERIZZOH
WOFHAFICL > THEIND I ERBALTE
FOTHD, DEDZOERICKE, FIAEEFED
(FBEWR) A=A 0RBEEZZITANS SR
WREIZHDDTH D, —H I DEMIL, [
) T L THEE R mm@#&mofméwf
HD06, EECFIFAFIINLTHFETS (£
#Hey) BROEHER, EARREIELD
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BRNDEEBDNBETH D, £k, [HE)
It g BREICERTIT, BARNHEE%E
EEMWERHTBEIEBARYTIHARN, &
AN, FIAEOEFENREROIEICE
LTiE, FIAHICHL T, BEARWESZOH
N (EBRARNHEIELD D) K0E£<0 THE,
discipline] Z#|LTWBDTHD, T TOE
BHEDEROEIRBENDOTH 5. BERHKE
FOXFE LN, RBE & Tk FE8
MTHERETHD, EAWRE SN R
U TEREEREZBALLI ELTNSD)
BARE S OFBIEIBRAETERNEERT S,

ULinLZ2F UEERmEL, BARET MEA
@ E H, personal freedom] TH BN ELHH %

(REI) HHRIL XS LA Tna &, HiE%E
ORT25DTHS. ULrUEAREINKEL L
S5ET201, ThTHEETS), DED FEE
B TRZERTS Bl RO THD,
Pl &b (BHFDITED) HEFNRMBR
economic interpretation| ZEHHTHRED, ZD
&5z THH] OFRET PhrLbERICE
ST BATREDBODIIT TH 5,

7208, AR RO FEE, Neyman-Pearson
DERN DTS UeHEREERICHEDICD
RUTWBDTERNONENS EERSIERE
Nsz&iEsr5, EARMARL, AL, &
BEXMICLBHE, SHMTOBOMTEFHATS
¥E, 2L T MERfBOERELRICHET 55
#F, strictures against optional stoppingl /% &%,
GHECHENSDELTERTZDTH 5,
Lhl, ZZTHEETXRELZOE, (Neyman-
Pearson ODEFGOBEAL =D D TH D) Wald D
WA, BEIZHTERIZ Neyman-Pearson D 1=
KRLTWa0KEE, 3T VRIRARLTY
BT ERDTH D, DEDEBEBOTERIT,
HETHHE->TEHEZEET HEBIGEDWN
TWaE, HEIRTWEDTHY, ZORER
PEAFRHRMIZOTH 5,

EOHOKRBOERE (160734) TR,
R. A Fisher Wil & [EEREE] ERASRE
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NTn3, BJ KL, the Fisherian tradition
7% Neyman-Pearson D= o & 9 T S i
PEIRTHD, LrdhROHATOENBDT
HBZERBRALTNWEDOTHS, ZORER
BIRERTH S,

The Fisherian tradition, though far less wide-
spread than that of Neyman and Pearson, is
even more elusive, so it is hard to say to what
extent personalistic Bayesianism blends, and to
what extent it clashes, with the Fisherian tradi-
tion. A beautiful, important, and, I think, re-
liable principle of statistics called the likelihood
principle was first put forward by Fisherians
and can be arrived at by diverse routes; it is
an immediate corollary of any Bayesian theory
but is in striking contrast with some forms of
On the other

hand, the personalistic Bayesian position seems

the Neyman-Pearson tradition.

to have no room for the notion of fiducial
probability to which Fisher attached considerable
importance. Nor has it any interpretation for
the tail-area tests of sharp null hypotheses,
which Fisherians interpret somewhat differently
from Neyman-Pearsonians, but which both em-

phasize.

[F—INEZNTWBERIK, E
BPRBLEBANTA—FOXAELETEZEINT
WS EEREK (DR BEEZDHN, 2057 —
1 Wbisd B KET2 Bk o2
Rig, TZOXREBREK KXo TERHEIH TN
3] WSO TEERE Ths., i,
(TR 2ERLEBANTA=IRELZ5H0 TN

BEA0 RO BEALERTNS E
REL, £k, EFROME] NEEHEIC
0 Mg 25—FERRT2&ELELETO,
FE| 20 ThHb. f-T, 20 FEE] I
L, INGA—FBELENTNWBHERD
MEXDSM RNERBBETD, [FOF—
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) BEsNhEBED Tns oLERER -
9% (00, ERORKEEHATIII-
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¥ BT 3) FEstiERm ORI T—8T 5.
BEFROTHS, Tz VRIcLHL, ZOTE
| 3B Fisherian i & > TRRE NI
TTHB, Lol TREFEE I, #HEEORE
12887 % Neyman-Pearson D& S ITH KW
SMLERWOTHD, ULdd, Fisherian SEA S
IEEMREIDEAS EDHRTEDTH 5,
R, FEEBHOARA AR TR, THER
B GEBRREDS. HL, vUVRE [ER
D] Bayesian theory T MEBIZHED] &L TKW
B0, BN ZHERITBWTE, AAE
Jeffreys DFEED L DIZ, NTFA—FBEAS
NTVWBHED EEDAN 1 WTERFELT M3
BAFF I SBASNDZOT, TREFRE)
BRDRNDTH S, (BT ToIRIE, TH
B Savage(1954) ZHEL RRKTIE, 20
EERE] REIVWTWRENSZDTH 5,
CO01EE12Ha TR T&RIOMhaho k]
HHZRB Uk, iz, 7 VK Fisherian
& TRERE) E&2ETOT2BRIIDONTIE,
B (20034 6 A) OBENHED G. A. Barnard
KU R. A. Fisher DEZESRTHERNVND
Lhizn,)

& Z AT, R. A. Fisher @ fiducial probability
oOWTH, EARNRMEMIYT 5L572H
DOTRRENETZ0H, TV PROBETH
5. Ele, SBUIEREZENTWVS null hypothe-
ses & [HiErEOSMM) QRO ZFALT
BET B ENSHEEREDE A AN, EEE
EINRA IFEHFE LWL UEENW T &1, FIAE
Lindley' s paradox DiERED T CTOEMM BlA
W&, Lindley (1957) B CF Shafer (1982) 72 &) %3
LTRLAGNTNS, SFlcREINTNS
MdEi) &, TOMO TR L TR
ET B ENSEHAR, Neyman-Pearson D i 12
THULIXLIEERBHEIND BDE, Z0LD
7R THRE OHBUIRE) X, BEONRTX

’ B % B %K 54-1

HHRTE ERMOFRNEZETID M
D IRERIZ] BOTHBKES5,

8. TEBIIT] FKRHBCKELROH?

% 7 #i(16[734]) 1L Do the foundations mat-
ter’TH Y, B—DDEREDHLINSMDIL>T
W5, INZEFIKERTHS,

When I first became interested in the founda-
tions of statistics, my natural bent was to ex-
pect no impact at all on statistical practice from
study of the foundations. Will large numbers of
intelligent people intent on their business and in
good contact with each other persist in mistakes
that could be detected by thought alone? My
Panglossian personality, holding that all must
be well in this best of all statistical worlds,
was simply curious to understand why. And,
indeed, many errors to which traditional statisti-
cal theories led were repeatedly corrected in the
practice and publications of good statisticians,
but the newer theory seems to conflict much
less with practice and, therefore, to provide a
much better vehicle for self-discipline, for in-
struction, and for communication with those

whom statisticians serve.

LAYz VR, HEEOTEBOT)
DHEICELER > R TIE, HErEmRsE
BIIHLTHLMDOHEEZEZ LD ELER
D THWRMoE=DTHB, izl B, Pix<
EHEHOMEITHO TELTHY, ENDR
BDIREN BT RN TN 3L OFRERT
FEN, BEOHIILOTHRTHD I LMD
Mo TLED LEB| KERLTHWSEE, B
WHE5RM oD THD, YOI T VK
W, THEHEFEO#HR RAKICBWTEFZD
FEBWDDY, k Td BFzOMEA
B5LEERLTWEDTHS, UL, £ZT
WL, THErEE b bT THARM o &
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A BIERAT TRD) 2&&h5s, &
O TR 285, Mafiz) SErZoRRkT
HFRRICH T 2EAREENE, HEENED
Thb. 2 THEEL, EZRUENENOR
7, FERNZEMEETT, BARGZRME
2 (—BLT) EETHELDOTHS, BEA
HFERDERIL, [aHi/l HEL0d T8
O OB T 25l s, HEOE
KBNWTHERTHD, HMAROYEERDS
AANEHEFERABBICDH, KUEBNROTH
5, CZTHEIRETEE, VT VRRE,
WHYWASHEMELIEZ &0, RICEHRREH
OFEHRIRSHICE- TBY, 20 THIFTO
BB ICEDWTEANRERD TEMAE 28
FELTWB, EWHZERDTHS.

9. fIRIZESILBDMh?

U VROFEHEDOREDE 8 Hild The fu-
ture TH B, ZOHII=DOBRENSKRD, 16
[734] DEHDBE#EEBIK LRTH .

The foundations of statistics are shifting, not
only in the sense that they have always been,
and will doubtless long continue to be, chang-
ing, but also in the idiomatic sense that no

known system is quite solid.

e 2 A OV 2RI VWML S system &
AiREMENDS V] BEVDY, 2<i3&H
D7z ETRWEBE L system 72 EXFEEL T
WRWDOTHD, TN, THEHFEOERE
I GEHELEBRY, ULHrDEER) BEODOWEE
HEEATNEIDTH D,

ZHITHE< 16[734]10 5 17[735] T NT T D
BREEBI ERTH 5,

The personalistic Bayesian position is gaining
in adherents and having an influence even
among those who do not adhere to it. This

may well be the wave of the immediate future
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in statistics. If so, it is likely to be danger-
ously oversimplified and lead to license in its
application, which will provoke some sort of

restraining reaction.

TJr VRIZEARLHEE ERIZEEE
TR AT XHEHE) 48, RMUOHBE &bz
KVELOXFEEBELTITSTHAIZ L
PHELTWEOTH S, SHTH, N1
L, BHEOHEIZHHEEENDELNRAE
WO—DELT, EbIE B &hoTha
A, I VEMRBEIZKELTWBDI, TH
HickoT MR S3ERMAMN &0nD TR
W) ANO—A—AD (ERlz) EETH>T

=a7)kl SNEFIHEOBEFETIEaho
D TH2. i, HEHEICESE DAAN,
(TREZR) SV &S TRy EERDED
ZEEoT, HARBRMBSMOERMED
H HN] OFERED THEL BHATWSE
(FNFNDIUHEND) HETBICELE L%,
ML THD, HBRHEE S, HEETIX
BAGRHRMOAL, ZO TR T3 3E
Wiz K52 THDEHBLTWBEOTHS.

INIESRBOBREQTNEBD 251 &K
TH 5,

About the less immediate future, who
knows? Many important topics, to some of
which I have already referred, do not fit well
into any systematic theory of statistics known to
me, for example, the cost of calculation as
one of the costs to be reckoned with in scien-
tific work; vagueness; the logic of discovery
and serendipity; and descriptive statistics. These
topics merit, and will continue to receive,
philosophical discussion, and they may give the

impetus to substantial new theories of statistics.

Yoy DK, TREHEOERE TS THHE
BY7x, systematic] BEFE D R 1T AT
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ZENEE T, Z2<OEER GRUBNRE) F
WMo L2RELREDTNEOTHS, =
B, BRHRERCBWTEBEINSREOR
rD—DELT, MEEELLTORE] bk
590X e (HARKRT WMOEDS 2 &9,
EERO [ TEAN O=RIF) RS AN, vague-
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2HE0H) HA) CHE5HmES, Bl
ZLIFENTWSBEEO TEEDY &S,
(T PREFODOESE) HED TH:H)
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9. WE—-BIAZTNTIVS J. M Keynes D
BEE—

PETHY  PEOBERIIKTLTNED
M, COMBEHOEEICIEI M. Keynes D
HHEENFIHINTHY, ZOSENHHN
BEMETDH S Keynes(1921) NS DFIHTH B
LRI N TN S, 7 I TEHRE,
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Chapter 26, ({ZFEIL The application of probabil-
ity to conduct) DEREDBEEDBEEHO—XTH
BZENbNo. TOXERIEIRATE0DR
M, ZOBHBIIVyIIIEXDEETHD,
YUz VRBEOEEFAL TS,

The importance of probability can only be
derived from the judgment that it is rational to
be guided by it in action, and a practical de-
pendence on it can only be justified by a judg-
ment that in action we ought to act to take

some account of it.

Keynes i (EARMRAMETRLRD) HE
HEHNREOREETHD, (EEHEETIIRL)
BEIEFONBITTDOOREN, HeEtZ0ER2
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