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2. Objectivistic views
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Objectivistic views hold that some repetitive
events, such as tosses of a penny, prove to be
in reasonably close agreement with the math-
ematical concept of independently repeated
random events, all with the same probabil-
ity. According to such views, evidence for the
quality of agreement between the behavior of
the repetitive event and the mathematical
concept, and for the magnitude of the proba-
bility that applies (in case any does) , is to be
obtained by observation of some repetitions
of the event, and from no other source

whatsoever.
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The great burst of statistical research in the
English-speaking world in the present cen-
tury has revolved around objectivistic views
on the interpretation of probability. As will
shortly be explained,any purely objectivistic
view entails a severe difficulty for statistics.
This difficulty is recognized by members of
the British-American School, if I may use
that name without its being taken too liter-
ally or at all nationalistically, and is regard-
ed by them as a great, though not insur-
mountable, obstacle; indeed, some of them
see it as the central problem of statistics.
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The difficulty in the objectivistic position is
this. In any objectivistic view, probabilities
can apply fruitfully only to repetitive events,
that is, to certain processes; and (depending
on the view in question) it is either meaning-
less to talk about the probability that a given
proposition is true, or this probability can be
only 1 or 0, according as the proposition is in
fact true or false.Under neither interpreta-
tion can probability serve as a measure of the
trust to be put in the proposition.Thus the
existence of evidence for a proposition can
never, on an objectivistic view, be expressed
by saying that the proposition is true with a
certain probability. Again, if one must
choose among several courses of action in the
light of experimental evidence, it is not
meaningful, in terms of objective probabil -



1992.3

ity, to compute which of these actions is
most promising, that is, which has the high-
est expected income. Holders of objectivistic
views have,therefore,no recourse but argue
that it is not reasonable to assign probabil-
ities to the truth of propositions or calculate
which of several actions is the most promis-
ing, and that the need expreesed by the
attempt to set up such concepts must be met

in other ways, if at all.
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The British-American School has had great
success in several respects. The number of
its adherents has rapidly increased. It has
contributed many procedures of strong intui-
tive appeal and (one feels) of lasting worth.
These have found widespread application in
many sciences, in industry, and in com-

merce. The success of the school may prag
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matically be taken as evidence for the cor-
rectness of the general view on which it is
based. Indeed, anyone who overthrows that
view must either discredit the procedures to
which it has led, or show,as I hope to show in
this book, that they are on the whole consis—
tent with the alternative proposed.
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To indicate a different topic that will also be
treated here, those of you who have had
more than elementary experience with math-
ematical treatments of probability know that
it is not usual to suppose, as has been done
here, that all sets have a numerical probabil-
ity,but rather that a sufficiently rich class of
sets do so,the remainder considered un-
measurable. Again,it is usual to suppose
that, if each of an infinite sequence of disjoint
sets is measurable, the probability of their
union is the sum of their probabilities, that
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is, probability measures are generally
assumed to be countably additive. But the
theory being developed here does assume that
probability is defined for all events, that is,
for all sets of states, and it does not imply
countable additivity, but only finite ad-
ditivity. The present section not only
answers the questions raised in the preceding
paragraph, but also discusses the relation of
the notions of limited domain of definition
and of countable additivity to the theory of
probability developed here. The general con-
clusions of this discussion are: First, there is
no technical obstacle to working with the
limited domain of definition, and, except for
expository complications, it might have been
mildly preferable to have done so through-
out. Second, it is a little better not to assume
coutable additivity as a postulate, but rather
as a special hypothesis in certain contexts.
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To get a feeling for the question whether
literally all sets should be regarded as mea-
surable, suppose that S is a cube of unit
volume and that the probability measure P
that strictly agreeds with < is such'that the
probability of a parallelepiped is equal to its
volume. It follows that the probability of any
set having Jordan content is its Jordan con-
tent, but, if a set has not Jordan content, a
continuum of possibilities is still open.
Though other possibilities are conceivable, it
is not unnatural to consider an idealized
person for whom the numerical probability
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attached to each Borel set,or even each
Lebesgue measurable set, is its Lebesgue
measure. To go further and take seriously
comparisons between sets that are not Lebes-
gue measurable,or even between those that
are not Borel measurable, seems to me to be
without any implication bearing on reality. I
suppose it might be argued, on the contrary,
that there is no feature of reality that can
properly be interpreted by postulating that
the person is able to compare only sets from
a sufficiently narrow field, so that it is sim-
pler and more elegant to admit all sets. The
question seems to be one of taste, but the
following remark illustrates what I consider
an awkwardness in supposing probability to
be attached to all sets. It would seem, at
first glance, that the person should be able,
if he is so constituted,to regard all pairs of
geometrically congruent sets for which he
makes any comparison at all as equivalent,
but the famous Banach-Tarski paradox [B5]
shows that this cannot be done if all sets are
regarded as measurable. I think it a little
more graceful to abstain from comparison
between the more bizarre sets than to give
up, or even much modify, my everyday
notions about the symmetry of such probabil-
ity problems associated with geometry.
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In §3, the theory of personal probability was,
from the purely mathematical point of view,
reduced to that of probability measures, a
subject that has been elaborately studied,
more or less explicitly, for centuries.Any
mathematical problem concerning personal
probability is necessarily a problem concern-
ing probability measures—the study of which
is currently called by mathematicians mathe-
matical probability — and conversely.The
particular outlook and interpretation implicit
in a personalistic concept of probability
though
perfectly meaningful for mathematical prob-

leads, however, to problems that,
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ability, might not otherwise have been em-
phasized.
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As was brought out in §5, the person learns
by experience. The purpose of the present
section is to explore with a moderate degree
of generality how he typically becomes
almost certain of the truth, when the amount
of his experience increases indefinitely. To
be specific, suppose that the person is about
to observe a large number of random vari-
ables, all of which are independent given B;
for each 7, where the B; are a partition of S.
It is to be expected intuitively, and will soon
be shown, that under general conditions the
person is very sure that after making the
observation he will attach a probability of
nearly 1 to whichever element of the partition
actually obtains.
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To summarize informally, it has now been
shown that, with the observation of an abun-
dance of relevant data, the person is almost
certain to become highly convinced of the
truth, and it has also been shown that he
himself knows this to be the case.
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TRTOFERIL, P2 Ldffict->TiE, 72
PERIEINTWB EWIZFTRL, BTk
FHUSH 6% WiETOLDLNTH 5.5 T,
TR AR AGRI e A IS, FERICET 2 8%
DEFEFICBVT, FRE, Ly LIFLE, #
HINERMEEHROGFREEL, £LPKRLT
LEIDNTHENE, CORFIZ, $EBRTLW

YLTh, KMk, LrdkERRIEE, o

TWAMRETHL EERIE L Hv, v
WL, P L FRAEEERT 2 RS
T, ERTHLIANLEITHY, &5z,
2 TRMR, 28 LT, #RICEARIZ
REZEROMIKELTLZ W, BARKL
RELEBERO L RE EDITEN RN ERD
£ LT BT S, AL LLAL-D
THb, 150, v VERPIERHT S L) 1T,
FRENE EFER Db NG LRIICHT 3,
7272 LARICARNGRIN G R 50, BonJEH
12D M, de Finettitc L D ERicE- 2 &
TWBDTHY, Fhigiz, Edo TR 2
FOL, WARNLERFIIAT S, 22 LEE
W R A 6 TIUE S BN, —Enity
2, ZDOFFETR, WMARNLERTIZBITAK
fazfs Lz b kg, AR RY
PHTIE, EVEWDTH 2,
ZZTEIH0ELSL5IHICHITTOE 3EJE
TEHIEHOBRELZT <,

A problem often posed by statisticians is to
estimate from a sequence of observations the
unknown probability p that repeated trials of
some sort are successful. On-an objectivistic
view,this problem is natural and important,
for on such a view the probability that a coin
falls heads, for example, is a property of the

B2 PEIZBIT S objectivistic views #HIcOWT EH
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coin that can be determined by experimenta-
tion with the coin and in no other way. But
on a personalistic view of probability,strictly
interpreted,no probability is unknown to the
person concerned, or, at any rate, he can
determine a probability only by interrogating
himself, not by reference to the external
world.

BHLIZZNICHCSLEE 2BHORELETI<,

This situation has been interpreted to imply
that the personalistic view is wrong, or at
any rate inadequate, because it apparently
cannot even express one of the most natural
and typical problems of statistics. Thus far
in this book, I have not argued against the
possibility of defining some useful notion of
objective probability, but have contented
myself with presenting a particular notion of
personal probability. Therefore, at this point
it might be tempting to seek a dualistic the-
ory admitting both objective and personal
probabilities in some kind of articulation
with one another. De Finetti [D3] has
shown, however, that it is not necessary to
do so, that the notion of a coin with unknown
probability p can be reinterpreted in terms of

personal probability alone.

BHIOBRETH 72 VEKIZ TZ2D, the, KA
% HHER, TEMLEMTHL L LTHHTS
CEDRROMARIZ R o BRBINL
WETTHBEI L RREICHERT LY, b
i3, T2, the external worldy ~®
EHENERICL - THEZ2ED L) LT EEA
EDEWE PR T 21EE 2, AKOMEAH
MEREHFRELTwEI LR, HRLTWS
DTH b, LRRDERETII, T2 DR HFE
B L) BRI, UL HERRICBWT
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i3, FIHSNTERTHY, »HOEBRLXEET
Hdrw), BERNERE, UtiTﬂa
7o BT, R, D% EbFRFBIIBHTL, TH
KEERER ) PEEFROPFE LA 0)5*?@
ELTBEHLTWBITEL, L Ladrs,
D L) HEKBRmOEERCHT B, BARHL
REPED, BIUNAEG?, BMARSLERA
DRMEEE, D EbwmEEE, R LB%
wa ok &U%Eﬁ w7 R E SARAAGRI L R L
DITRTH 5 dualistic theory ~DERKIT AR
PBRETE W &%, de FinettioEEICE R LD
2, T2 VREBEHRICERTLINTH S,

B, KHroELENEY, I ZTXHEkICHE
THEWERRMNMT LT B, By
Rick 2 ERED2T4HIZ BT

[D2] “La prévision: ses lois logiques, ses
sources subjectives,” Annales de ['Institut
" Henri Poincaré, 7 (1937), 1-68.

3o
" Dialectica, 3

[D3] “Le vrai et le probable,
(1949) , 78-93.

EH DY, RIBTRBORETIE, IS
= VR, TODIINEERIZL T D75,
222 L D [DI] B HEHIIRFETH DN, T
FICHCHERCBATH T2 VRPERL T
203 D2DATH B, TREHI, Ho2
EZMRBENOIIZ, T de Finetti i< & &
B X LR L DIZH, L L, Bkt RO R
FEIChZTEEPELODERT LD, A%
HEDOFETITH b FRLIE,

Jr., and Howard E.
Studies in Subjective Probability ,

Kyburg, Henry E.,
Smokler,
Robert E. Krieger Publishing Company,
Huntington, New York, 1980,

41-4

D53 HIISEIT T T, S D [D2] DIERAUL
HDHLNTWENDTHY, LirdIDFRNTEH
P H0E T T CHAPTER I Exchange-
able Events T3, %4y de Finetti NFERB D
BUIROIFHE & LT Tde Finetti DFIFEH
12389 5, FourierB#c#E7  FEIN G- 2 b1
TWBNDTH b, BBIDERNIISE» 5224
HiZH»T, 197749 de Finetti D B 0iEiw D
FRLPD SN T B, F 7=z PVERIZI9714E1L
AIRICBHELTWEDTH 205, HIBO/INGG
X4 3 de Finettio 20 B0 b BRI TH
b, &2 A5, Doverlin7:HIicy 7 = VR ANE
L 7=XXREN292H 12,

Kyburg, Henry E., Jr., and Howard E.
Smokler

1964 Studies in Subjective Probability ,
York, John Wiley and Sons.

New

t%éﬁfﬁ%m%ﬁﬁﬁiﬁ%C@“mww¢
mXED, BEORKTD, BlEALZTIE
BHREELZDOTHY, KE ABOKRELZEN
FETBZOTHY, i, v 7=VEROEM
DfRIzC Yz, 2P 2 VRIS X B3GR
RD26EICRIIERINTN S

Savage, Leonard J.

1971 “Elicitation of personal probabilities
and expectations,” Journal of the American
Statistical Assoctation,66, 783-801,

PHRUCZWD 5N T BDTH 5,
RIZSZEHRENDEEEZF] <.

Examination of situations in which “un-
known probability” is appealed to, whether
justifiably or not, shows that, from the per-
sonalistic standpoint, they always refer to
symmetric sequences of events in the sense of
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the following definition. The sequence of
random variables x,, taking only the values 0
and 1, is a symmetrict sequence, if and only
if the probability that any & of the x,(s)’s
equal 1 and any ¢ other x.(s)’s equal 0
depends only on the integers b and c.

Z ZCHEATFHIWileyhR, ENHE 1ITO, M
EZRTIDTHY, 2oME

t De Finetti uses the French word for

“equivalent.”+

THD,F, TZTEMNSD+iIDoverlk, Blb
B2MTO,HEZRTOINTHY, ZOMiEi

* He and others now prefer “exchangeable.”
The concept seems to have been first suggest-
ed by Jules Haag (1928) .

Thb, MELE SEAREEEL LTOY 7=
PROFBERTLDOTH B4, T2 TIRER
T35,

Z 1iF symmetric sequences of events &
V= VRAERSEHICH T 2 EELEDEHEICIT
P LT NDTIEH 55, BEHNZLHEBICE
WT TREN 2 3TERSFIHI N %20 Dk

ne, ZOMHDOKRANBEERIIHT 2@EIC

HEOWT TR, #-T T2okmiER, &
W) BEDIEBROGTHERICHEEET 2 0Tk
S X ERRIC, AR EET A &
&) CoErBLnl R, HLTHY
tVRPFEEBELTHAZ LI, EETRETH
5k, EERITHWT 5,

RICSISEHBHOBREZFI<,

It is easy to verify that any mixture of in-

dependent sequences in the sense of (3) is a

symmetric sequence. De Finetti has discover-

T2 DEIZBITS objectivistic views #HEBIZOWT HE
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ed that the converse is also true.These con-

clusions can be formally summarized thus:

Turorem 1 A sequence of random variables
X,, taking only the values 0 and 1, is symmet-
ric, if and only if there exists a probability
measure M on the interval [0, 1] such that
the probability that any prescribed # of the
x%(s)’s equal 1 is given by (4). Two such
measures, M and M’, must be essentially the
same,t in the sense that, if B is a subinterval
of [0, 1], then M(B)=M’(B).

Z ZCHETZ

tTechnical note: If “probability measure”
were here understood to mean a countably
additive probability measure on the Borel
sets of [0, 1],the theorem would remain
true, and the essential uniqueness of M~
would become true uniqueness.

Thb, ZBRENXN(3) &I, B2EFHENZ
T2 bk -7, STAEDKRENTTH BKRAT
H5,

3) Px(s)=x;r=1, -, n)
= Spy(l—p)"*y dM (),

where M is a probability measure on the real
numbers in the interval [0, 1].

FLEBBD @) L1, 52HE 2 BHOBEEH D
RRTH 5,

(4) gpn dM (p) .

LI nMERBOEEBETHE, 0B
IR IC BT 3 ZHERAFIONN 28 1L R TORM
ET, B 7 VKIL, COEEA (I the theory
of the Hausdorff moment problem i Y very

AV AT

quickly and naturally I2f€9 & £ 2EELTw
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5,

ZDEH 1 (3 de Finetti DFIBLER LR IIN
LGETHBY, Y72 VRIFZHERICB W
T probability measure & \» 9 EIE % fRinE
FIRERREDERTHE>TWADTHY, £
iz, TEBD, FLTIOEBIZEIHY
= VROFERPD, M RO M 1%, ARMNE
HIRESRRIE TH 5 2 L 13, BLITTERME &P
134 B TS inE 2709 2 & A EE RO
BTHBETHOTC,EREETHIETH D,
HBINZ & EERET AL ERS I DED
KREIAMLTH 5,

COEBIZLY, TRIMW S RME EHER L
LR ERAT 5, BERMAL W5, HEE
TR 2B LRZE D & T 2RI, TR
mEERR) 2RRTS 2 LI, MEcE
NGB R s, BRINBILELXBDT
b, HZIE, TCOBEIRE R D ZOHER
2, BMCL > TRIMTH B, L LEDORM
- TERHBPEEINT IR, “50—%
MZBZ 3w, Ly REMELRE D &
T HRIE, TR E2HRT ETREITS L)
RITRINZ, Z0FLT, KW, BIHEHRE
BeZe, FERMBRBICINRET 050, o
2 Fc K3 5, de Finetti R EHIC L
N ZDEEPHRIEINT WS, HOFRINER
FERME, 1/2 282 5 1 U ToORKEMEIC
ALUTE, BEORESTSE, ZORIIHE
Thy EEHEEINLINDTH B, £, H3EE3
BHOBET, Y72 VREAD LI ICEET
L5HTH5b,

It is Theorem 1 that makes it possible to
express propositions referring to unknown
probabilities in purely personalistic terms.
If, for example, a statistician were to say,
“I do not know the p of this coin, but I am
sure it is at most one half,” that would mean
in personalistic terms, “I regard the sequence
of tosses of this coin as a symmetric

2
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sequence, the measure M of which assigns
unit measure to the interval [0,1/2].” This
condition on M means in turn that for every
n the (personal) probability of # consecutive
heads is at most 277, as is easily verified. I
do not insist that propositions couched in
terms of a fictitious unknown probability are
bad, if understood as suggestive abbrevia-
tions, but only that the meaningfulness of
such propositions does not constitute an in-
adequacy of the personalistic view of proba-
bility.

Z DEARD LT fictitious unknown probabil-
ity £z VRIIBRTW B, TZ2oRM%
DHEEE p T By LI EVEILICBITLHE
2 p i3, FNPEET 32 L ORENERIE
DT TH 20T, fictitious &\ BEFIL
ESTH2E, ERIIHWTLIOTHS, LA
Ly, 20X 2 EBNLEHREMNET LR
B, BALCPDEEERETLINTHLLLT
by, ZOEEMD, MBCEARNLTRED,
HEHEORBEIC BT I ARMERET L 0DTYL
W R, YT VRIRE S, EBETIIH B,
de Finetti HFRIBEIIZH T 2 57l & BEH & »
LB LDPLDTH D,

PREEEHRE, AT 5, HDHWIT the
unknown probability ZFIH T 5, KEHmL
RED 6T IR R RROTEEIRET 5
CERRATWEZORIAE, ZOMEED TR
Ny e ARERZRAE IS, MUMIBAREL
RED 6, i migicZR LETRAR, L
Tik~72 X 9 i2,de Finettidi@#am ic &>\ T
7 VERAPHBICEHLTWS LT, EH1
2B A RIENRESRNE M 2FHT 55k
RIKTFLTWBDTHS, LPLID MU,
COHOEBICBWT, BEL LTHLNATIEW
DYz VKITE - TOARKDTER, HIHMHE
ABFER L LTELNTWARTIEZVWOTH
b, &-T, MARLHERE LTORRERD
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BEETT2VRIZEI>TRESNT WS, #F
ML HERBRE 2 EDSMERHUEL, oM &
EREDT B, 7272 L 2 DIEF PRI 2 G %,
bLAREZ LIE, RIRSNDILHEINDED

ThHbd, LPLI7zVRIL, ZOBOWED

BEiZ de Finetti IC &k - THZ HNTWBI L%,
53E 5 54 BT TORETKD & 5 I
T2DTH b,

The mathematical concept of probability
measure or, a trifle more generally, bounded
measure is fundamental to mathematics gen-
erally. Probability measures, often under
other names,are,therefore,employed in
many parts of pure and applied mathematics
completely unrelated to probability proper.
For example, the distribution of mass in a
not necessarily rigid body is expressed by a
bounded measure that tells how much of the
"body is in each region of space. We must,
therefore, not be surprised if,even in study-
ing probability itself,we come across some
probability measures used not to measure
probability proper but only for auxiliary
purposes. In the event that p is not actually
an unknown parameter, the measure M
presented by Theorem 1 seems at first sight
to be such a purely auxiliary measure, but,
as a matter of fact, M does measure certain
interesting probabilities, at least approxi-
mately. For example, letting

1z
(6) Xn = n? Xps

it can be shown that [FIH#IC L 4L, ¢
136 BRIERFERAE M OS5 R DER ST
HbERET D]

(M MM P(z.() <6)=M(p <o)

In words, the person considers the average of
any large number of future observations to be

Wz DEIZBIT S objectivistic views #itHlICOWT [
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distributed approximately the way p is dis-
tributed by M. This is an extension of the
ordinary weak law of large numbers, proved
in [D2] along with a corresponding extension

of the strong law.

EREA X EORIE M %, MDOH5AaRE
B RUBICE>TES S, HHXM a, £]
B S BMEE, SARRMIRFICH T S B E T
DB T 2EMFS 2, 2 la, £] I3
3% DANFERD, n BT 2MmEMEL LT
MIRTELZNTH S, o8B, TO5IHEBRE K
PO L ZFBHOXT, 7= PRIIN(T) 25
LT, TRE M ik 00N ICiE->T, &
Lz, ZEREICH 2 2FRODBED 7 DE
PSS B LTk B, FOMARTER
T2, LTRCED, I LEECLS, BR
252 TwaEH, LarL, R(7)BHIZ, i,
FITERLTWBIERS0 LI 1UTOESR
DEH CICELT—HTHL L) LI %, I
ROWRRIZIE, HECSRIEILTHRWDOTH
25, Tp B M IZk->THmINsLHiz
LT, the way p is distributed by M 1 &\~
EVELIEE, BRTHY), BEEECBNYSD
5 EEEIHMT2NOTHL, Lrl, DL
SRR VRICBWT 22, PHEEIEICE
HLO28M %2 T3 hidh s nwito—fEAD
BERZEHRTZ Y7z VROBEIEHINT
WBEDTH 5,

CHEIWETHTIE, FEBULRE»5F
TUFERTHB EHICBZTLEY TRHTI
HEPEEINTHHHER) EWw)ERE, M
KAMHAGRI R R E L%, B ThHHI L2
e LT, MARNZRFOMERL LToOH
REEHL L9 &9 A5EEICH LT, de Finetti
DA HLFEERICED W T, E S K i SR
ICHRRINTVEDTH B, L LIOKGH
7, TRHEEHEELE, P L ERLITE
WEFMHL T3, RBWmOZTRFICHT S,
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Hre VRIZE B, fEo TIAANKFEROEEIT
Fo<, NS, EADKERZERT 538
PoHo, BHEMNHHE L >TWEZ LIIHAT
Hb,

Ze B55EICEIT S, K12)Hb b BED
RORDBEED, E_DOIXHFOD,

if and only if M assigns the measure 1 to
some one value of p

&) R,

if and only if M assigns the measure 1 to any
neighborhood of some one value of p

LT b wnThDL, EE, 22T
D M BEBRINENHERBEZLZOTH L5,
BMZENEETHLE, YT VPRFZOXRER
ELF DX T L DI clearly, AL $2 & LT
WERHEIINT S, FORGIM, T VRE S
PESEE ABBEOKE» L ZFHOXPT
S& LT\ 3, Banachic & 27, T
LToBRRMENHESH LFEEFALT, &5
WCHRTELZDTH D, DL ZERISHEH
CEEXa2H,L Lhwd, HITHmMTseI L
L7t s VRISEAIMEE S FERS
HETHIREERICIT, AR L WILEZIRAL
TWBHDTH BN, ZHEFTIE, HEFOK
HERERICEOWT, 2B TIC, M 5
EMFHTH 2D LIEBN L CEHATSLS
L A—HORNEE, BRELTIE, #A
TLESRILELDBDTH D,

6. E4ZELIHIZH T3 objectivistic views
¥

=

ZEFRED61ED H62BEICPIT THORELZTIC,

Keynes, writing in 1921 of what are here
called objectivistic views, complained, “The

% 41-4

absence of a recent expositon of the logical
basis of the frequency theory by any of its
adherents has been a great disadvantage to
me in criticizing it.” (Chap.Vill,Sec.17,of
[K4]) . I believe that his complaint applies as
aptly to my position today as to his then,
though I cannot pretend to have combed the
intervening literature with anything like the
thoroughness Keynes himself would have
employed. Reichenbach, to be sure, presents
in great detail an interesting view that must
be classified as objectivistic [R2], but it
seems far removed from those that dominate
modern statistical theory and form the main
subject of the following discussion. Whatever
objectivistic views may be, they seem, to
holders of necessary and personalistic views
alike, subject to two major lines of criticism.
In the first place, objectivistic views typically
attach probability only to very special
events. Thus, on no ordinary objectivistic
view would it be meaningful, let alone true,
to say that on the basis of the available
evidence it is very improbable, though not
impossible, that France will become a mon-
archy within the next decade. Many who
hold objectivistic views admit that such
everyday statements may have a meaning,
but they insist,depending on the extremity of
their positions, that that meaning is not
relevant to mathematical concepts of proba-
bility or even to science generally.The per-
sonalistic view claims, however, to analyze
such statements in terms of mathematical
probability,and it considers them important
in science and other human activities.

EHI62HENE 2 BHOBE T <,

Secondly, objectivistic views are, and I think
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fairly, charged with circularity. They are
generally predicated on the existence in
nature of processes that may, to a sufficient
degree of approximation, be represented by
a purely mathematical object, namely an
infinite sequence of independent events. This
idealization is said, by the objectivists who
rely on it, to be analogous to fhe treatment of
the vague and extended mark of a carpenter’
s pencil as a geometrical point,which is so
fruitful in certain contexts. When it is pointed
out to the objectivist that he uses the very
theory of probability in determining the qual-
ity of the approximation to which he refers,
he retorts that the applied geometer—a ficti-
tious character whose reputation for solidity
in science is unquestioned — likewise uses
geometry in determining the quality of his
approximations.Let the geometer then be
challenged, and he replies with a threefold
reference to experience, saying, “It is a
common experience that with sufficient expe-
rience one develops good judgement in the
use of geometry and thenceforth generally
experiences success in the predictions he
bases on it.” “Now,” says the objectivist,

“the geometer’s answer is my answer.” But
it seems to critics of objectivistic views that,
though the geometer may be entitled to make
as many allusions to experience as he
pleases, the probabilist is not free to do so,
precisely because it is the business of the
probabilist to analyze the concept of experi-
ence. He, therefore, cannot properly sup-
port his position by alluding to experience
until he has analyzed that concept,though he
can, of course,allude to as many experiences

as he wishes.

B—OBHRETERREN T % objectivis-
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tic views PN EG E 4 L < —&fb L T~
i, TREORBmN L RAIC I, RENE
HMRENZERIHLTOS, HlziT, IR
ENBETHSH Z0EITE, b LRIZTIES
BB LBV ET DL LT/ L
LNBBETHLIBRORIND, 2 D&FITE
12,5 5O EATH L TOA, EREE
FTHIEELLIBE/LDTHEND,
Fre, &0 —RECRBET UL, HEHEOEEE
DB NT, IEYBTH S EPERICHET 28R
W& & i3, TERES2HAT HERL, MR
SFEHELEBLELTH, BEnRBIEIL,
BRI HRITIMEA L T WBR L OB, 7%l
ELERE LT, HHRANE, KRBT HLOT
LN L L WO THERPL, THDIILR
FizckniE, FrEEticE®m Lo>o8Me T8
RIZL L CEFDEAATFZEREEZ L2/ LT
LB BEBOBERIIHLT, HELEST D
TR, BEEoEREOITIBWTELTH S
EEEWHEWE LT, SRPEBRINTLEY D
Thd, LrL, AIEEIZETOH Tz VK
12 & %, i CHFN L BOFRED A I2HD <,
HERELERRTEETLIRY, TERDOES
Zxt L CHER 2T 5 2 Lo, WMalEoRSE
DHIBIT R ZOELER, KRITTHETE
Thvg 2w —RAnEER, EEENTH
ELTEMLGEREOMBI BT H LI
EFic & - T3, %bﬁgﬂ&WinﬁéJ
&, BHDTH 5,

ok, BEHO—XHD[KL]TH b, ik
T2 VROE 1 ERE2TTE > 6, fHin &
TWiR YT VERAFICEAEFL & HICFIA
FTIUE,RTH 5.

Keynes, John Maynard

[K4] A Treatise on Probability, London and
New York, Macmillan & Co., 1921; second
edition, 1929.

A long, but often entertaining, account of

Keynes’ view, a necessary one, The historical
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péssages and bibliography are of special

interest.

FRIXERFEN2T9E L Y [R2]DIA 25 HTN
kXD,

Reichenbach, Hans

[R2] The Theory of Probability, Berkeley
and Los Angeles,University of California
Press, 1949.

The most recent and complete statement of
Reichenbach’s elaborately worked out ob-

jectivistic view.

= DReichenbachdEW %, ER IR ST 6,
KFEL DY, SEZOFITICH 5, FEHRH
L D 19714 I R RIS KU, B R &R
EEBRWTAREII B L&, BOFEICZET 2,
EENTH B, LY 7= VRIIE4ER
2 HiS8H & 4 B HOBEEICBWT, MRS,
composite probability, 123 % JERIFII AR
CBWT, ZoHER, HHMCEELTwD
DTHY, ZOBRFEETNTHICERTH b,

Finally, the objection concerning composite
probability would seem to apply, even if an
endless hierarchy of higher order probabil-
ities were introduced. The composite proba-
bility B would here be the limit of a sequence
of numbers, E,(E,, (- E,(P.(B))-)), a
limit that could scarcely be postulated not to
exist in any interpretable theory of this sort.
The reader may wish to evaluate for himself
the arguments in favor of such a hierarchy
put forward by Reichenbach (Chapter 8,
[R2]), taking proper account of the differ-
ences between Reichenbach’s overall view,
and his mathematical theory, of probability
on one hand and, on the other, the per-

sonalistic view and measure-theoretic mathe-

W% 41-4

matical theory that are the basis of my cri-
tique of higher order probabilities.

R CT—FKeynesilic & 51 [K4] TH 525,
HHEDFIXIDH B,

Keynes, John Maynard, A Treatise on Proba-
bility , The Collected Writings of John
Maynard Keynes, Volume Vi, St.Martin’s
Press, Inc., New York, for the Royal Eco-
nomic Society, The Macmillan Press Ltd.,
London, as an affiliated publisher, 1973,

kg, REOESED, RIFLFLNLE
BROZER S —wHTE TR CEREFZD
72hs, BITENIL, S OBEDOBHRMEIZH, 11982 6
20BN CO—ADBEENDA P 5B DT
Y, LPLFONREBIITHHETAICSLS
HbLWEEER->TWLINT, IhEHIT,
P VRICE IHHEFET 2EHAICE W
T, RicznFF3|HT 5.

The absence of a recent exposition of the
logical basis of the frequency theory by any
of its adherents has been a great disadvan-
tage to me in criticizing it. It is possible that

. some of the opinions, which I have examined

at length, are now held by no one; nor am I
absolutely certain,at the present stage of the
inquiry,that a partial rehabilitation of the
theory may not be possible. But I am sure
that the objections which I have raised can-
not be met without a great complication of
the theory, and without robbing it of the
simplicity which is its greatest preliminary
recommendation. Until the theory has been
given new foundations, its logical basis is not
so secure as to permit controversial applica-
tions of it in practice. A good deal of modern
statistical work may be based, I think, upon
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an inconsistent logical scheme, which, avow-
edly founded upon a theory of frequency,
introduces principles which this theory has no

power to justify.

CHE—DFIRHRETCY Y = VRIE, LTHE
% L 72Keyneslfl ¥ Reichenbach& ~DE K% b
/‘\&)’C EBmNTRFICBIT S, B
HT BMIFORIBAIFREN D L LG HED
e 1T, SRERFAEDRRE IS AEETH B
L, ERNEEOHERLHRICIT T3
DTHY, 61T, BARNL RIS BDOR

HICED CERMLHFROMR LI LY 0w
WIARTEIR, Tz VERPSERICERLTW3
BRETEETIOLLIE, RATELWEITT
Hblw), Y VEREHFOBEREZMMLT
WBDTHB,7277 L, KeynesliiZsthe frequency
theory & FESEEM &, ¥ = ¥ K A¥objectivistic
views: LTE LD TWAEFHE D, YORE S
T—HT 2023, ZOHRBDES5HTHNR

FREEEWER, ~NEELZ% LT, HIEE
BBICEICEINDIITTH L L EZIZERNIG
T35, HATRZWOTHY), Lrd, D
EHXDFLR TIIHRICER L T DHDEN, W
v URIL, EBRIZIZ, KeynesIllD F5E % |, neces-
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