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Savage, Leonard Jimmie, The Foundations
of Statistics, Wiley, New York, 1954(Second
Revised Edition, Dover, New York, 1972)
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EHAIcOTHY, —F, BIRWER (v«
YV, VAFIE VI, KLBIBIFEDOHRE
B AEANERIC>WT], 19944 3 54
3% 45, 176(603)—187(613), KU, @AM
SHOFERECBETIER, (47 = VEE
MROSUEIC BT 3B b3, BERYHI
SWT), 199012 A% 3 5, 30(288) —
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KRFENTVE0TH S, 4B, 5FTED
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2. T®H] LESHBOARCHNDBH#EH
T U VREZ B OBER T s #H %
Wit 2OBHOBEICLOVT, §5.6D97
HhLBEHIE T COBRET, DK DB
TW3,

I shall successively discuss each of the re-
cent major criticisms of the modern theory of
utility known to me. My method in each case
will be first to state the criticism in a form
resembling those in which it is typically put
forward, regardless of whether I consider
that form well chosen. I will then discuss the
criticism, elaborating its meaning and indi-
cating its rebuttal, when there seems to me

to be one.

T BT 2 HANER] &,
von Neumann and Morgenstern itk % [ & %
ANERIEDL, SHBBOEEE £ OEER
—Ecld 28] FHEANRp LT [H
Bl ABLTVAOEY, ¥v =YK, BE
DERLTVS [EANZIHCHET 28R] %=
20 [Hif] O—PITHELEEATVWBEDT
b, Ty v=VRE, Ok TEHH]
T AR R, FNSEERRINIER
#EHELOOIERLT, £0%iic, Zoit¥o
BRPABEBHRLT, ZOU~OGRMWHAEET
HBLOCBONBHEEICE, TOXKRERT
CEERADLL LES, PRVEERRELR
HT520Th 5,

LIAT, BRENCHIES T 5HH1L §5.6,98,
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O_BEBOBREOHN(DTH Y, ThE5(<
ERTH B,

(2) Modern economic theorists have rigor-
ously shown that there is no meaningful
measure of utility. More specifically, if any
function U fulfills the role of a utility, then
so does any strictly monotonically increasing
function of U. It must, therefore, be an er-
ror to conclude that every utility is a linear

function of every other.

2%, ZNABKOREE TR —
FRCS5ZAohTVWEDRELIE, ZOMEKD
MR BN 2885 bk, WhEEB
bDTHN, HHABEBOREIERITIELD
D, f-T, EEO > OSEBEKIE—F b
FHO HREHLEEE] &E-Tw3a, LEIH
wWEOILOTHERICE, BHRORRMEH2, &
E2DTH5, LrLyv=YRKiE, Thick
CBRET, oL BN BEUNZELD
JBELIc & B, from the baldest sort of a termi-
nological confusion| EMESTZDTHY,
IoicEl, ZTORDOEET, ot~
DEGHERD LS ICBHTA2DTH 5,

In ordinary economic usage, especially
prior to the work of von Neumann and
Morgenstern, a utility associated with
gambles would presumably be simply a func-
tion U associating numbers with gambles in
such a way that £<g, if and only if U(NK
U(g); though economic discussion of utility
was, prior to von Neumann and Morgenstern,
almost exclusively confined to consequences
rather than to gambles or to acts. It is une-
quivocally true, as I have already brought
out, that any monotonic function of a utility
in this wide classical sense is itself a utility.
What von Neumann and Morgenstern have

B %R 47—4
shown, and what has been recapitulated in
§3, is that, granting certain hypotheses,
there exists at least one classical utility V

satisfying the very special condition

(2) WV af+Bg=aV(H)+ EV(g,

where fand g are any gambles and @, £ are
non-negative numbers such that a + & =1.
Furthermore, if [ may for the moment call a
classical utility satisfying (2 ) a von
Neumann-Morgenstern utility, every von
Neumann-Morgenstern utility is an increas-
ing linear function of every other. To put the
point differently, the essential conclusion of
the von Neumann-Morgenstern utility theory
is that ( 2 ) can be satisfied by a classical
utility, but not by very many. The confusion
arises only because von Neumann and
Morgenstern use the already pre-empted word
“utility” for what I here call“von Neumann-
Morgenstern utility.” In retrospect, that
seems to have been a mistake in tactics, but

one of no long-range importance.

2% 9, von Neumann and Morgenstern @
EROLENWARICBVWTE, (AL BT 5
BEENERE SR MoBRIcET 550
KEEAEBRONTWDOTHY, RKicZFDH
WEKTO [81H] 5 'Hi7] Mo [#i,
preference| L TdHTRHSNBELT
b, ZOFHEIE, ] HoBFK LT
FolEfEo> k2 [hiF] o LTl
PDTBILERBEBEEEI LS, BREL
126DRDOTHY, Zhid, [hiF] BoEF
ERETSH0ATHEL, LOFIHAXICBVTE
R(2)TEREINTVS [ThiF] ORECHT
BRAFEHE ] % b/ LTV 3, von Neumann
and Morgenstern @ [ZhA1 &, L h—#%
MTRHBTINED, BIRLLTETEHON
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DOTHbB, £/2, von Neumann and Morgen-
stern I &K AXAERORENHE R IT, TR
KTD [FH] £ ->TWVW5HBEHMBELEL
T, Fhoik [Thit] OR&ITHT 28HH
il LTBY, soicEENSR AN
fthF DI ZEREHI BB & L > T B,
LESCLRDTH B, FEF, Lo#HH(a)id,
(%A, utility] EWSEEEM, D Lb
von Neumann and Morgenstern DR ic B
TR, THEVEK] L0 b X0 HIRs B
THEbWTWD, LEILEEHTIC&IC
Ko THUTRIBMTHBHIZH I,

ETATEDIAXICBVT, ¥ = VKIS,
von Neumann and Morgenstern D3 D B
A [EfR] 0§53 TROVELLEBRRTL
30, HHERELTVAEANSHOERR,
T hERS T T A EANEROMSICE S
bOTH T, HEHSOEBREOSFITILLA
5¢i, LALENZFALTW A, von
Neumann and Morgenstern O & 3R 3
WREH - TWBILERTIHENH BT
555, 2FE0H Y= VER, [THR] BEE
LTEES] LRBVPREIEBOLEFOE
ARHRRIT L > TERL TV S DI,
von Neumann and Morgenstern id, [HE3 ]
RT3, Z2OHE~DEEKRERL T
WBDLITTH %,

3. DNEOEEOTICEST Bt
§5.6,99, DEHADEEZ5|S LIRTH 5,

(b) The postulates leading to the von
Neumann-Morgenstern concept of utility are
arbitrary and gratuitous.

2% Y, von Neumann and Morgenstern 78
[%H] OFEELFEEN—EH L 2H CBRICHT
BELTOWBNL 2D DIRED F DEED I H3
FEHATHD, ZORREEL LDIHELR
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WEIRENSDREPRESNTVWEDTI

BOOh, LEIRITD S,
oMM ~NDOH Y = VRO REN, Fh

K BETUTOL S iREN TV B,

Such a view can, of course, always be held
without the slightest fear of rigorous refu-
tation, but a critic holding it might perhaps
be persuaded away from it by a reformu-
lation of the postulates that he might find
more appealing than the original set, or by
illuminating examples. In particular, P 1 —
T are quite different from, but imply, the
postulates of von Neumann and Morgenstern.
Incidentally, the main function of the von
Neumann-Morgenstern postulates themselves
is to put the essential content of Daniel
Bernoulli’s “postulate” into a form that is
less gratuitous in appearance. At least one
serious critic, who had at first found the
system of von Neumann and Morgenstern
gratuitous, changed his mind when the pos-
sibility of deriving certain aspects of that
system from the sure-thing principle was

pointed out to him.

EEETOBORRTH 2V 20 DIREIC
XL THBANIPBONEREERE > TV BEES
I, RENICEBRIER » I TOAFEORNGER
TRBBIEBZ L, BRRETHEHIEAH DD,
FNODRBEEE > TWAIREICT BBA S
»L SO TBERIL, reformulation] %32
ARLT, 20 THEMME] Bt L TRo»
HbLNRVEREBHEZEBLT L0 20D
BT B HOAEREE, Wb,
BREsE5, LESHREER, METILVO
T&® %, von Neumann and Morgenstern 312
ARLTVE [KE] By v = VEBSERLTY
ZNERPL - THLEHTEZ0KEN, 0
Hic, v 2 VRORAERDZ DEFKED T IEEH
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BhEdsEBELEEHFICE > Tk, von
Neumann and Morgenstern ® [RFE] X ABFE
ShRFLBETHADL, i, TORED
[MRE] &, Daniel Bernoulli D\ id [/ |
DOHRE%, TOHRESINX DKL LS IE
bha b LNBVERNERELELLSD
ThbE, RELBEDOTHE, SLHIcE,
[E#®R] o §2.7Td~NshTWw3, =M
HOEROESHTERIN TS, [FHERD
JFH, sure-thing principle] K& ->7T, Zh
BEEO LN TVWEERBES [RA%E] P
MEGES &, [HEORE] 25Bh1055 [H
H| ZidldaBict-TR, BRIIPT
WHDENLBEDTH B, BB, ¥V =YK
von Neumann and Morgenstern @ [/A¥EZR,
the postulates] EFFATWB DM, & D
&3 TABER, the axioms] EMEEN TV S
bOTHY, OMED [RE] 25, TEAD
78] wwxtLTeo [MEAL] 2RI 2 REHQ
[E#, postulate] & LTEASNTWSE EE
ADYTRIEVWEDTH 5,

4, [HEORE ] OFRICEEY S#tH
§5.6,99, 0=ZFHOBREZEF|I LIRTH 5,

(¢) The sure-thing principle goes too far.
For example, if two lotteries with cash
prizes (not necessarily positive) are based on
the same set of lottery tickets and so ar-
ranged that the prize that will be assigned to
any ticket by the second lottery is at least as
great as the prize assigned to that ticket by
the first lottery, then there is no doubt that
virtually any person would find a ticket in the
first lottery not preferable to the same ticket
in the second lottery. If, however, the prizes
in each lottery are themselves lottery tickets,
such that the prize associated with any ticket
in the first lottery is not preferred by the

W % 47—4
person under study to the prize associated
with the same ticket by the second lottery,
the conclusion that the person will not prefer
a ticket in the first lottery to the same ticket

in the second is no longer compelling.

o) i3, FROFEE| 2 A HEHT
DEARLEF B4 2 —f3H7s TEE] LRI
LTRBWTH A5 L9 5RE~D, —0OEZ
Thd, [ALFry bERIESLS 20
(Ul ItBVWT, bhbsh2BIE #He
Tho, BF 7y beibT 2ER, Tad—
EETHINhTEETHEN, Lihlwhiliig
&Thd, —FBD [ U] oFa0h»_&H
O U] EBTBEELD SN LHKT
brHEFROBV] EEIRAESBEINTL
50 51E, EELHIVWAEEIEAL, —FH
Ol oFryry v 2_FEHD [ U] D%
OEILF 7y P& SBEHICE-TLVETH
BELTERIEBRVTHAI, LrL,
(205D [ U] KBWT, bodnbE
Mo (KL OFFrv ] THD, &OD
oD [ U O&F v Mg 5EN,
W BBAETHEN, —BHD [ U) 0B&
OHFH_EHD [ U] Xbbzo [HALl
Lo TBRTFBEID ENTHEEREBSBV] &
ERAMBBEIN TV EEEI, —BHOD
KUl oFH ry MIZHBBD [{ L) oFD
RUFry b&D &BIFVELD EMTHBLEE
ShFTIREWE, 20 [FEAl »¥lT 3
L3, BE-LTHRTHEREAI P, DED,
() DIRIBEIZ, KU oHEY [HE] T
HEEEGEFNNS D (LUl OF 4 v b
ThHBEARLETE, HEORE] » [HAJ
WKL CROBRENICEBATERVWERNDH S
LU TWE DT TH B,

EZAT, TOWHHQIHESBRETY V=
VRIERO LS cEHDRBERRTV S,

This point resembles the preceding one in
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that the intuitive appeal of an assumption
can at most be indicated, not proved.l do
think it cogent, however, to stress in connec-
tion with this particular point that a cash
prize is to a large extent a lottery ticket in
that the uncertainty as to what will become
of a person if he has a gift of a thousand dol-
lars is not in principle different from the un-
certainty about what will become of him if he
holds a lottery ticket of considerable actuar-

1al value.

FREEMT B FiRE LTo) TRE]
DED (AOERBNEFZB) S, flaLic
koT, THBLRT] TERITETH, 20
MRE] BZ20&k 27 N%ERK->TWEEEIC
&%, RENIC (T2 BEEEITEHE
WETHEZEAI L, EE [HAL P RE]
i L TEANCRERER > TWaEEI, %
O MEE] LTz Al BMEREAER
DZER [REETHB] EEHITERFD
MEA] ot L Bl [T 3 e s
BHCER, EBERTRERIETHA D,
¥, MRE] W dT28H50BER, EFRO
B, —A—ABEDBZDOTHB, LrL, LD
#HH() L OHBETHERT NE LI, [HE
EESBREDPDOAIAHEERE [T L] oF
o b EEIRICOLDAREEEE R, £
ORBFILBWTIR, BRLRVTHAHIEED
2EThy, 2%, FIAE Hel Frad
E5BoER-TWE [HA]l 0BDEANE
SFNBERIThbHBAHEE LS, PR OF
REENSMERS S TS oF 7y ]
EF-oT0W5 [BA]l 0F0 EANETHN2HE
Kb BAREEME L1, ZoWRICBVLT,
FELER Biohknwl@dtdyh, B, R
& LEHHER, oMo VWERICh -
TEic [Tl oFry ] LES>EBEROT
H 5,
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2% 8§5.6,99, DKREOEET, A TIRO &L
HSIEBTBEDTH 5,

Perhaps an adherent to the criticism in
question would think it relevant to reply
thus:Though cash sums are indeed essentially
lottery tickets, a sum of money is worth at
least as much to a person as a smaller sum,
in a peculiarly definite and objective sense,
because money can, if one desires, always be
quickly and quietly thrown away, thereby
making any sum available to a person who al-
ready has a larger sum. But I have never heard

that reply made, nor do I here plead its co-
gency.

Sgh, —EE 00 [HE | OATHEH
BRI MLl oFryb] LERNBZOOTE
HWTHAH50, ULhl, —F&FH0LEE,
EnBOh R EEETHN, Bickh KEEE
DEEER->TVBAEIILT, BT Cicd
FHATER LI, TRPLELTH IR
He Z EBEIHBERDOTH D, TOLDH MM
ok, 80 TSl oFry
Pl - TVIRWDTH B,

5. BEINBZFMNRTLSCBHONDG [HE
DEE| hoDAERY
§5.6,100, 0 BHHOBE .G LIRTH B,

(d) An actual systematic deviation from
the sure-thing principle and, with it, from the
von Neumann-Morgenstern theory of utility,
can be exhibited. For example, a person
might perfectly reasonably prefer to subsist
on a packet of Army K rations per meal than
on two ounces of the best caviar per meal. It
is then to be expected, according to the sure-

thing principle, that the person would prefer
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the K rations to a lottery ticket yielding the
K rations with probability 9/10 and the cav-
iar diet with probability 1/10. That expecta-
tion is no doubt fulfilled, if the lottery is un-
derstood to determine the person’s year-long
diet once and for all. But, if the person is
able to have at each meal a lottery ticket of-
fering him the K rations or the caviar with
the indicated probabilities, it is not at all
unlikely, granting that he likes caviar and
has some storage facilities, that he will
prefer this “lottery diet.” This conclusion is
in defiance of the principle that “the theory
of consumer demand is a static theory.” (Cf.
[(W14].)

TEALl &5, BEOKLTIK A Y ZORED
F P ETDARERNRBIERE->TED S, B
HoRUVIKEED K SEHORBOA RS
TLitk-T, HEREEZRITI AT EEBERL
1z LThH, TOBEESNTYVE ZFHR—IGR
WicBvTiR, Z0 Al 0% DBREIAE
HTHEHLIFTREL, T LAGENLFFUE
BTHAD, ETAT, 0 [AA] 5, 20D
KE2E%2Es, 20K SESOBKRUZD
F v ETERZEZI/IORC L /I0OHRTH S
T [ L) toflo, Z“FER—%2BONBET
2015, HEOFEE] 3, [ U] Tidns
CKEHERIBOLDOF 2RI EE, 2D
Al ~NEBFB2OTRELEI N, TO
(EEOEE| KE&nEd) it k- THFS
N5ERIZ, 20 [ U] RNz [EA]
DEEDOABENES 1 —RITHRELTLE S
LT BDELE, EaRNbEL, 20 A
WKE->TITbNBEERBTHAD, LL,
z0 [BAA]l BEFEOLUTEILED [ L]
KBMTE, 20 [ L) ofElck T iR
KL ->TZOROPFDORENRNEE S, LT
5, MU] b3 BE| 2BEST 0K
51, 2o AL 2%, AT, [KSHEFDO

L 47—4

BOA] 0 [TLU] BEodTARE| @
HERBIRTBELTH, COIEREETHS
EEOIDITREBVTHAH, 2, Z0
MEALl PEET 2BREOARTICK > T,
MEEOKE] KENHS T Lick > TS
NEER| Ao, LHLEECEREL
BIRY, 20 (Al K& - THRENBREM
HELBI2DOTRERNLS b, BB, [W14]&id,
[EfR] Of8 3 OXERFE D283H IS,

Wold, H.
[W14] “Ordinal preferences or cardinal u-
tility, ” Econometrica, 20(1952), 661-664.

LIBRENTVBEHRXDI ETH B,
COMMD I BET, 7= VERIERR
OEHIERL TV,

I admit that the theory of utility is not
static in the indicated sense, as the foregoing
example conclusively shows. But there is not
the slightest reason to think of a lottery pro-
ducing either a steady diet of caviar or a
steady diet of K rations as being the same
lottery as one having a multitude of different
prizes almost all of which are mixed chrono-
logical programs of caviar and K rations. The
fact that a theory of consumer behavior in
riskless situations happens to be static in the
required sense (under certain special assump-
tions about storability and the linearity of
prices) is no argument at all that the theory
of consumer behavior in risky circumstances
should be static in the same sense (as I men-
tion in a note appended to [W14]).

[+ ETORPLHIZAENEENIC O
Sa&NB| EESERL, baVid [KSHY
RO LB IZEENEEN L5303
LEIERIOD, —HDAEH THA] ~NEbk
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banB, EEH L] L, TF+rETDH
HoRAARE] OBAL [KBEFROERO AN
SIARE| OEG LY, BEOBEIIR->T
BE0E&->TWAEABENEY, ELZOAE
WAOHER/UGEE IR ICEZ VL, o [HIC
5y ET7DE| &b THEKSESOBROS
b ZOHEERIBAICE TN TV B DN,
0 MEAl ~EERELTHLLENSD, &
=5 ML) &%, A—HT2ILBERIE
TERVWDTH B, 2%, —ET, FlAE—
FEflichlic s, BERNE%EZ, R+ +ET70
Al b IBECKESEFOROA] pOVTN
bh—Fic@lHTLES [ L] &, [BEFOK
UL ZOAREORNRTERD B [ UL HE
LiEah3] &vwa [ U] &k, 20 [HEAL
KE->TREBRSDBOTHY, [HEOK
B ckaiEcHET REE, REIBETS
BIROMBENE BRI TLEBS ET
BB, RELOBENSLDOTHS, %
fz, VR BEENICE PO LBV ERES
NTVBRREICBYT ZHBETEICHT 255
mEhS, ToEok [HREERY, static] THB &
LTd, T erd, ) X7BHFIchbb
3 EBES N TV RRIICBIT 2 HEETENIC
Xd AEERA [HHERY] &705, EESHTEM
HEAIDITTRRLTIEVDOTH S,

6. RESN3EBNERICHMBHE
§5.6,100, D=BBEOBEE%RE| LIRTH %,

(e) If the von Neumann-Morgenstern the-
ory of utility is not static, it is not subject
to repeated empirical observation and is
therefore vacuous. (Cf. [W14].)

SFD, BEEB->TVARAERY, [E
Al It&->Thans (208 kB 577
—EOHDHREEZEOHRELTVWEDHE S
2, 2o Al © TRELTWARE] ik

+ v < VERRIC B 3#EworldikoWT (7)
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T EBERBERARVBLEET S EILL-T
BohdahdLlhBuvzo [EA] OBRER
T ARBRNERIE, ZoSHEREE, &
PHOREVBTHAHI0S, E, Z0HE
REER EEABLEB S, LESDTHY,
(RESNZRBRNER ] Kl &N TE
W TEER | I SEBNIEABESEVWEES D
TH b,

—FH Y = VRRBINEHESBEETRD LD
IR RBDTH 5,

I think the discussion in § 3.1 of how to de-
termine the preferences of a hot man for a
swim, a shower, and a glass of beer, and the
discussion in 8§ 5 of the practicality of iden-
tifying pseudo-microcosms are steps toward
showing how the theory can be put to empiri-
cal test without making repeated trials on

any one person.

TBSA2EUHBED, —kE, —v+7—,
FLTI S A—WHROE—VIcKd 38IF] &5
S0, TEMR] ©8§31029HO=RHDOR
EH HIEHO SHEDBEICH T TOHR TR
SNTWVWB DD, Bic, —EIHOER
ODEHTERINTVWEDTH B, ik,
(#/NFEH b, pseudo-microcosms| 74 & &
ESEEABLH LTS, Ihid §5.5,86,
OTFh o " BEHOBRETEASINTVEDTSH
b, AR, grand world] % [/phEitRA,
small world] ~& [#IR] 938K, 20
[&IFR] %2, HEREBRL TV S LIRSV
OFEH, Liehl{fTd MEA] HLT, 2D
MEAl BEWET I EENLBEESNIEE
%O, FORELOHEMT, TOEEMNBEAL
NTVWBDTH B, ET AT, ToOHEE
OET, [BAKEHULBOREIF] oflico
WTHRRICIBNTBL TE LT B,

—ANOBGERULEN, [208] T, —
kX, —v+v—, ELTSS5Z2—HoE—1L
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EEI=E-oDBEREICEERLTWAbDEL,
F/, [Z0OB] TORHDBIFN, OIEET,
IR o TRENEAP S D ET B, T3 &%
&, (208 T, —kE] ~EPREETT
CEEBTHAD, ETBHM, [Z0H] T
COREB—FERENTLESE, [—Y v 7 —]
& [—HoEe—-n] Lofo 20 TORK
DEFZEENVE T EBIELTLELKBZD
Thb, B, [[Zz08] TOZORELDHE
OB TlI—v+7—] 2 [—FROE—-1L] i»
EBCFIVWELAZE LT, ZOBESESD
f7AEBELUCORNTEIFR, [—kEL Thiz—
Ve g—] & [—5kELTHRIT~HOD -l
EORIDOEFTHELEARINIRETH B
55, DD, WAlWVWOIX [0 TORK
OEFTH-T, [ZOREBRDEFDE] TD
BFCTRBVOTHY, HAOEROEFFE
FlRELE—ENRZOTH 2, LHALEIT,
it LT, Zo0BREEFERcIENE &
2EHETE5—HT, =o0BRKIIET 2=
BDH— Fip b ZKRSEEACHE S L, 20
ZHICHIG T 5B DN T, HAED ZIER
KRS &, kDRI 2 BIRBEORNBNEAN &
BZond, LE3E2FHTE5DELT
BEH, TOBE, WE, =-o0@BFEKICHT
BENDOABERIEFE ST H 5, —>DIEFED
EEREEBBETHAHH, ZO—o0lEF
SR, =0 OEREICHT B LA S TAIA
LmEpd, Hick->To, BFFFIERLTL
BERBLTESAARYTIRIBEVTHA D, D
0, [—ENE] BEFIIH, —EA~NDED
BEENBFRTRE->TTREL, [—EHME]
ERICL > THAONEZRHINH 20 TH 3,
B, TDXDIRERKITKIGW, Allen Wallis
POV T2 VEANEEF SN DM, —EH
DERTHE”LIcEIIT, 83.1TR, 7=V
RREZOTRO L WP BEHFEBRL TV S,

i, A o THE, 20k [hak
HHE] o [BEBR] iconWTHy, —EEHORER
DESHTERLTVWBE XL, ¥7 = VKR,
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§25,16, O"BEOREL» SI6ED S 1THIC
P TORBCBVT, [HAl © 20
TOREILBVTE, CoL5% TR 3
Wi HEIR] », 2o [EA] SIHRIESL
TWBRERRESTVDED, Lierlzo [
A EkoTHRO I ED XS IchanTV3
ERB ST BB/ NEHEANL, FEESEH
LTWBDThHb, 20, [ZDHE] TOR
FieBVwTid, MEAL E, @R, TREEk
ORELE L TOXRIMA| & Tidizl, [T£D
Bl cotR| ETbES &5 MhanR]
ZREETEOTHY, FLIDLHE [/ha
BHEHA] ~D [HR] & 2081 8L T
TaEns, Whid [—ENE] 0O TH 3,
UL LERYy Y= VRE, o [—fsEiRR
21520 Al ~NEBashr~xHERE
RAELDERET A LIck-T, #0 [—[EH
HHIR oBREHA 2 E2HATHA 3D
TH 5B,

7. HRABRHNS ORBEOTHOBBALTIIC
20T
§5.6,100,0KRE» 5 _FHOBRE %5 &
RTH 5,

(f) Casual observation shows that real peo-
ple frequently and flagrantly behave in
disaccord with the utility theory, and that in
fact behavior of that sort is not at all typi-

cally considered abnormal or irrational.

2%Y, THEOAANR, CTITHEELLT
VARG SR L BNk -
TLELIBITEL, Lid, 2h50TEIE
FERETHIEOAREBETHI ENRELINT
W3, LEShITREW] EES52 LM, B
HEHREENL ORI LEHIDOTHY, HERCO
HEDIF, BEERE-> TV HHEBBIERED
BEHEPSEFENTVAEDTHD, FHHIC,
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ZOEHBOEABZRICH L TRBOESSE
ha, LEH>DTH D,

COBREORDEE, 2% 0I100E» 5101H
T TOBREEEICE, RTH D,

Two different topics call for discussion un-
der this heading. In the first place, it is un-
doubtedly true that the behavior of people
does often flagrantly depart from the theory.
None the less, all the world knows from the
lessons of modern physics that a theory is not
to be altogether rejected because it is not ab-
solutely true.It seems not unreasonable to
suppose, and examples could easily be cited to
confirm, that in the extremely complicated
subject of the behavior of people very crude
theory can play a useful role in certain con-
texts.

FTV Y = VKRR, AANOTTEIN, BEEKE-
TVWAPBER»SEI LIELEEXLLTH
BZERBVWEIBBLEETHEE, BB
DTH3, LhrL—F, [HFl LE>dDH,
ZNHEHRICETH B3 L EH DI TRV
B2 IEBINBERELOE, LES5HDT
BEWTHAIE, HEEEHIUSTOTHD,
EoicEl, TANOITEIEE S MG ICHEER
SEEAEERT BIEAICE, DL BRE
BWTIE, EERKELEERSEHSERE
ZHEUEBLTHAY] LHETIIEE, AE
HLE I TERVESKEDLNS, &iiX
5DThH 5,

TOBEEIK BEEFIK EIRTH 5,

Second, many apparent exceptions to the
theory can be so reinterpreted as not to be ex-
ceptions at all. For example, a flier may be
observed doing a stunt that risks his life, ap-
parently for nothing. That seems to be in
complete violation of the theory; but, if in

49 = VERERIC BT 2WEworldicoWT (7)
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addition it is known that the flier has a real
and practical need to convince certain col-
leagues of his courage, then he is simply pay-
ing for advertising with the risk of his life,

which is not in itself in contradiction to the
theory. Or, suppose that it were known more
or less objectively that the flier has a need to
demonstrate his own courage to himself. The
theory would again be rescued, but this time
perhaps not so convincingly as before. In
general, the reinterpretation needed to re-
concile various sorts of behavior with the
utility theory is sometimes quite acceptable
and sometimes so strained as to lay whoever
proposes it open to the charge of trying to
save the theory by rendering it tautological.
The same sort of thing arises in connection
with many theories, and [ think there is
general agreement that no hard-and-fast rule
can be laid down as to when it becomes
inappropriate to make the necessary reinter-
pretation. For example, the law of the con-
servation of energy (or its atomic age vari-
ant, the law of the conservation of mass and
energy) owes its success largely to its being
an expression of remarkable and reliable
facts of nature, but to some extent also to
certain conventions by which new sorts of
energy are so defined as to keep the law true.
A stimulating discussion of this delicate
point in connection with the theory of utility

is given by Samuelson in [S1].
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b, 20 AL HEHOBERERE [HHE]
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Samuelson, Paul A.
[S1] “Probability, utility, and the inde-
20

pendence axiom, " Econometrica,

(1952), 670-678.

B OWXITE, ZEHOFEROHE S FHio
4413 HO L[S 54513 B ORIz T
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8. MAEREREMNICRTHENDZEES
R
§5.6,101, D=FBH D% Z5|{ LIRTH 5,

(g) Introspection about certain hypotheti-
cal decision situations suggests that the sure-
thing principle and, with it, the theory of
utility are normatively unsatisfactory.
Consider an example based on two decision

situations each involving two gambles. T
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FEDOERIF T Wiley lRTcOMEARLTH
D, IHhEFI{ERTH B,

t This particular example is due to Allais
[A 2]. Another interesting example was pre-
sented somewhat earlier by Georges Morlat
[C4].

2% 0, Al OWREICEET 3 b 5 KEW
B o 0RELE, MEOSHERCBELD
HE—A—ABPHETEIELICL-T, 20
[ PHERNICAEER D TH BT &
—A—Abr>TL 3, EEIDTH 2,

ETAT, BEBIOO [hiF] Khibb-
T3 [EAL OWREIETT 5 > DIRFA,
10182 51028 THRIRSN TV B D7EH,
TG ERTH B,

Situation 1. Choose between

Gamble 1. $500,000 with probability 1; and
Gamble 2. $2,500,000 with probability 0.1,
$500,000 with probability 0.89,
status quo with probability 0.01.

Situation 2. Choose between

Gamble3. $500,000 with probability 0.11,
status quo with probability
0.89;and

Gamble4. $2,500,000 with probability 0.1,
status quo with probability 0.9.

X5, 10EDChICEL =20 (8| &
RTH 5,

Many people prefer Gamble 1 to Gamble 2,

because, speaking qualitatively, they do not
find the chance of winning a very large for-
tune in place of receiving a large fortune

+ v = VEBERICBY AWEBworldicowT (7) E
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outright adequate compensation for even a
small risk of being left in the status quo.

Many of the same people prefer Gamble 4 to
Gamble 3 ; because, speaking qualitatively,
the chance of winning is nearly the same in
both gambles, so the one with the much
larger prize seems preferable. But the intui-
tively acceptable pair of preferences, Gamble
1 preferred to Gamble 2 and Gamble 4 to
Gamble 3, is not compatible with the utility
the sure-thing

concept or, equivalently,

principle.
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3 (pidd] Eoft, “HiR—%2KkHohs
DTH b, TDXIBRBHRIICBOTI,
PRI L] Tk, 240 AL, [HiF2]
Db [DF]1 | OFEBIRTBELHIBOTH
b, zoEHE [EENIEARZ D5,
speaking qualitatively), [FEH#ic] K% 34
DEBAEESTECLLEBBEZDF v v DS,
SEMICMESS 2BERAGL5AHMVEED
TERBTANEBYRIRHMLTEZ S, K
ERBOSREZOTEIRIMB T L L HEL
T, BOUGREE O T LR, DRl LdE
O MEAAL T3, BB 0WhoRDTdh 3,
Fh—4, [RHK2] TR, Z2050EL D
(ALl H, T3] bbb [(iFd4] OoF%
BRTZ2LH95B0TH, TOERE [EHEMN
RBRZ0ELE], THSZ->D [hir] i



# B
BVWC, B ERIT L LT EZDF +
VARBEAERELUTHD, Thigic, FEIC
LOREUESEESE -7z [hiF] OFH,
BHisd EbZED ALl K& ->TlR, £DBT
HELHICBDLNBELLBDOTHB, LrL,
BRSBTS S &) cEsnEbh 3,
INSOBF,ASB AN, oFh, [HiIF1]
B IHF2) XodBEFSHh, [HiFd] &
i3] & bBEFEh2 EESD, BIFOR
R, FHBEKOMES L FEILLEV I EME
Biibhrb0ThH2, EE =0 [EAlcE-
TOSHBEEMSRICEATZSOELT, 2D
k> nEEOHBRERICH LT, MEo >0
BIFIE, 8%,

54(674)

U($500,000)>0.1U($ 2,500,000) +
0.89U( $500,000) +0.01UC$0),
RkU,
0.1U($2,500,000) +0.9U($ 00>
0.11U($500,000) +0.89U( $ 0,

EEIREREBOTIELELBN, b
BERYTARERTREB YV, B8, 7= VK
i, 12HIcBVTIh oo RERER(3)E
LTHRRLTWB 2, FlHORFEROLLDEK
bHEMICHBZHEOZT O/REAY, RXTROLE
BoTHBY, THEFHEARLDOLII0.01&9 X
ETh 5,

SoicEk, I2HEOARER(3)DROER%E
T, 472 VRRBRO LS ICERT E3DTH %,

Examples 1 like the one cited do have a
strong intuitive appeal;even if you do not
personally feel a tendency to prefer Gamble
1 to Gamble 2 and simultaneously Gamble
4 to Gamble 3, Ithink that a few trials with
other prizes and probabilities will provide
you with an example appropriate to yourself.

2FEDY T = VK, TOKDEHID, <
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T, BEORBREREZb-L 65 LRLSHE
BLH7%Mo0 [Mid] oz, ZoAMBESR
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L, FEZEIUBTOTH S, BB T, M
BoYHEREZET 2 (V= VEKEHE%:D
&) AANRXELTS, hiFl] % [HiF2]
X0b, T hJd] 2 PF31 &b,
BRULLB3ERE HANCELCS] Th
55 &957%, HAERNORAIOLSIKBAT
LEHMELD ] Oflz, BRTESTH
25E, vy VEMHETLTHWEZ LR, &
BIREXTH2, 2%, AERETNDH»S
BRELTLEST, ELERTORK, 20
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CTHICBECBE (0% b §5.6,102, DKRED
5> HKHOBE) 251 LIRTH 5,

If, after thorough deliberation, anyone
maintains a pair of distinct preferences that
are in conflict with the sure-thing principle,
he must abandon, or modify, the principle;
for that kind of discrepancy seems intolerable
in a normative theory. Analogous circum-
stances forced D.Bernoulli to abandon the
theory of mathematical expectation for that
of utility [B10]. In general, a person who has
tentatively accepted a normative theory must
conscientiously study situations in which the
theory seems to lead him astray; he must de-
cide for each by reflection —— deduction will
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typically be of little relevance—— whether to
retain his initial impression of the situation
or to accept the implications of the theory for
it.
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To illustrate, let me record my own reac-
tions to the example with which this heading
was introduced. When the two situations
were first presented, Iimmediately expressed
preference for Gamble 1 as opposed to
Gamble 2 and for Gamble 4 as opposed to
Gamble 3, and I still feel an intuitive attrac-
tion to those preferences. But I have since ac-
cepted the following way of looking at the
two situations, which amounts to repeated

use of the sure-thing principle.
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One way in which Gambles 1 -4 could be
realized is by a lottery with a hundred num-
bered tickets and with prizes according to the
schedule shown in Table 1.

2%, BEom->0 [Hid] » [EHEIH
BETHAS LI —D2OEHAIEEZITH
B077H, ZoHEAR, 125100 TOE
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Ticket Number
1 2-11 12-100

Situation 1 {gi:giz é 8 255 g
. . Gamble 3 5 5 0
Situation2 g, v 4 0 25 0

7212 L 2 S CTEOBALZ $100,000TH B,
X5wco [El1] KE{mo>oxX%:5 T
wTH B,

Now, if one of the tickets numbered from 12
through 100 is drawn, it will not matter, in
either situation, which gamble I choose.l
therefore focus on the possibility that one of
the tickets numbered from 1 through 11 will
be drawn, in which case Situations 1 and 2

are exactly parallel. The subsidiary decision

m % 47—4

depends in both situations on whether I would
sell an outright gift of $500,000 for a 10-to-
1 chance to win $2,500,000 —— a conclusion
that I think has a claim to universality, or
objectivity. Finally, consulting my purely
personal taste, Ifind that I would prefer the
gift of $500,000and, accordingly, that I
prefer Gamble 1 to Gamble 2 and (contrary

to my initial reaction) Gamble 3 to Gamble 4.
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It seems to me that in reversing my prefer-
ence between Gambles 3 and 4 I have cor-
rected an error. There is, of course, an im-
portant sense in which preferences, being
entirely subjective, cannot be in error; but in
a different, more subtle sense they can be.
Let me illustrate by a simple example con-
taining no reference to uncertainty. A man
buying a car for $2,134.56is tempted to or-
der it with a radio installed, which will bring
the total price to $2,228.41, feeling that the
difference is trifling. But, when he reflects
that, if he already had the car, he certainly
would not spend $93.85 for a radio for it, he

realizes that he has made an error.
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One thing that should be mentioned before
this chapter is closed is that the law of dimin-
ishing marginal utility plays no fundamental
role in the von Neumann-Morgenstern theory
of utility, viewed either empirically or
normatively. Therefore the possibility is left
open that utility as a function of wealth may
not be concave, at least in some intervals of
wealth. Some economic-theoretical conse-
quences of recognition of the possibility of
non-concave segments of the utility function
have been worked out by Friedman and my-
self [F12], and by Friedman alone [F11]. The
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work of Friedman and myself on this point is
criticized by Markowitz [M 1].*

ZZTREODEDZ D+ 1d Dover IR TOH
ETHDIRTH B,

+See also Archibald (1959) and Hakansson
(1970).
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Renewed attention is currently being de-
voted to a hypothesis about choices involving
risk suggested by Gabriel Cramer and Daniel
Bernoulli, employed by Alfred Marshall,
and recently revived by von Neumann and
Morgenstern: namely ,  that individuals
choose in such circumstances as if they were
seeking to maximize the expected value of
some quantity. The hypothetical quantity
thus defined has, especially recently, been
called “utility.” This hypothesis, if reasona-
bly valid in a sufficiently wide domain, has
far-reaching implications for economic the-

ory.?
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Friedman, Milton, and L. J. Savage
[F12] “The utility analysis of choices in-
volving risk, "Journal of Political
Economy, 56 (1948), 279-304; reprinted,
with a correction, in [S19].
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*The maximization of such an expected
value may also be regarded as a maxim for
behavior. As such, it promises to have im-
portant implications for statistical theory.
Cf. L. J. Savage, “The Theory of Statistical

Decision , Journal of the American
Statistical Association,XLVI (March,1951),
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556-67. Success of the maxim in this domain,
as in any other area of decisions involving
uncertainty, depends, not on its empirical
verification for the economic behavior of men
at large, but on its acceptability, to indi-
viduals who are particularly concerned with
such decisions, as a rule guiding “wise” be-

havior in the face of uncertainty.
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Baumol objects to the hypothesis on two
grounds : (1) that “the Neumann-
Morgenstern utility construction may be in-
compatible with the scale of preferences of
the individual” and ( 2 ) that “a Neumann-
Morgenstern utility index” may be “unjus-
tifiably arbitrary.”® The first objection
raises the general question of the grounds on
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which the hypothesis should be accepted or
rejected (sec.1);the second, the sense in which
the hypothesis “makes” utility “measurable”
(sec. 2).
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Baumol objects to the notion that the
expected-utility hypothesis enables “the true
measure” of utility to be “deduced from ...

the observed behavior of an individual.”*®
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Consider a situation in which an individual
must choosé one among a set of “prospects.”
An extremely general theory of choice is es-
sentially P 1 alone; more precisely, that
there exists a consistent and transitive order-
ing of all possible prospects which has the
property that the individual will choose the
alternative available to him that is highest in
this ordering. Let F stand for the set of all
;and U(f) for a
(numerical valued) function which has the

possible prospects £, g, ...
property that the individual

will choose f in preference to g, be in-
(1 different between f and g, or choose g
in preference to f, according as U(H)>

Ul®, UPH=U(g), or UN<U(.

Such a function will always exist, under
mathematical assumptions of no practical
consequence.

U(f) thus gives rise to, or generates, an
ordering of prospects and, if desired, may be
called the, or in some respects better a,
“utility function” of prospects. The individ-
ual may now be said to choose so as to maxi-

mize “utility.”
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On this theory, the choice among the avail-
able alternatives depends only on their order-
ing. If there exists any one function U that is
consistent with observed choices, then any
other function that gives the same ordering
of prospects will be equally consistent with
observed choices. Consequently, it can
equally well be said that the utility of pros-
pects is given by any member of the family of

functions
(2) VIiUp],

where V is an entirely arbitrary, strictly
monotonic function, in particular any func-
tion such that dV/dU is positive (so that all
members of the family order the prospects in

the same direction).
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This is the central element of validity in
Baumol’s position. No one member of ( 2)
has any more right to be called“the”utility
function than any other member. In this
sense, utility is not “measurable” no matter
what may be the precise meaning of a
prospect, or the class of prospects consider-
ed.
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This “general” theory of choice is almost
completely empty. It is not quite empty, be-
cause it requires consistency and transitivity,
and very little more, and behavior is conceiv-
able that would contradict these require-
ments; but it is so close to being empty that
it is relatively useless for predicting behav-
ior. A “special” theory consists in specifying
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more precisely the characteristics of V{U(]
or, equivalently, the ordering among the
prospects. Let discussion be restricted to
considered as

prospects that can be

probability combinations of elementary
objects, and, for simplicity, consider the
elementary objects to be amounts of income
per unit time.Then a prospect is to be
regarded as a set of alternative incomes,

together with the associated probability that
each income will be realized.” The “special”
theory under discussion is that there exists a
function of income, say, C(D), such that its
expected value gives an ordering of prospects
with property ( 1 ); that is, its expected
value is one member of the family ( 2 ). Let
us call this member U. Then, the special

theory is that
(3) UWP =CcW)

satisfies (1), where the bar over the C indi-
cates expected value, and the subscript to the
I indicates that the expected value is com-
puted for the prospect f.®
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If there exists any such function C(J), then
it is unique except for origin and unit of
scale; that 1s, the only transformations of C
that yield the same ordering of prospects con-
sisting of more than one possible income with

nonzero probability are of the form

(4) DICWD] =s+ ¢ CWD,
with s arbitrary and ¢ > 0.
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This theory is by no means empty; indeed,
if it were valid, knowledge of an individual's
choices among some prospects each contain-
ing only one or two possible incomes would
permit prediction of his choices among all

other prospects, no matter how complex.
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If the theory is valid — that is, if it cor-
rectly predicts behavior —— then there exists
a function C(J) unique except for origin and
unit of scale. This function contains all the
information that is relevant for predicting
behavior. The way to use it is to calculate its
expected value for alternatives under consid-
eration and to predict that the alternative
with the highest expected value will be cho-
sen. [t is conventional, but only conventional,
to describe this process as the maximization
of expected utility. If the hypothesis is valid,
the expected value of C(D) is one member of
the family of functions defined by VIU(H)].
Admittedly,
member. Any other member could be used:

however, it is only one
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the cube, or fifth, power of the expected
value of C(D) will give the same ordering of
the prospects as the expected value 1itself,
and either could be termed “the” utility of
prospects involving risk.
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What justification, then, is there for call-
ing the particular members of V[U(/)] given
by DIC(D], “the” utility of prospects in-
volving risk and hence for speaking of utility
as “measurable” rather than for calling the
whole family of functions V[U(H)] “the”
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utility of such prospects and hence speaking
of utility as “ordinal” and not “measurable” ?
The justification is that, if the hypothesis is
accepted, the former mode of speaking is far
more convenient than the latter. Convenience
may seem a slender justification; it is in fact
an extremely important one. As Baumol
correctly remarks, “In a sense any scale of
measurement is arbitrary. Thus, aside from
inconvenience, need anything be wrong with
the use of a measure of distance which varies
as the square ... of the metric scale?”" There
is nothing wrong, aside from inconvenience;
but inconvenience is not to be brushed aside so

»

lightly. Aside from “inconvenience, ” need
anything be wrong with the use of Roman
Arabic

dropping numerical nomenclature entirely,

rather than numerals; or with
replacing it by extemporaneous circumlocu-
tions? Of course, the inconvenience of not
using the metric scale cannot seriously be
compared in magnitude with the inconven-
ience of not using mathematics in science at
all, but this is only because measurements of
length are just one among many kinds of
measurements in science, not because of any
difference in kind. And, even so, everyone in
a country where the square of length as
ordinarily measured was the official measure
of “length” would suffer serious ‘inconven-
ience indeed, for calculations like (¥ % ++ ¥)?
and (YZ+yY+42)? would have to be
performed many times each day. All this
computing of squares and square roots would
be a pointless and heavy complication of
empirical regularities that have been discov-
ered in nature (only inadequately compen-
sated by some convenience in dealing with

right triangles).
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If the
accepted, there is the same justification for

expected-utility hypothesis 1is

calling “utility” “measurable, ” and C(D) its
“measure, "as there is for calling length and
temperature “measurable , "and the word
“measurable” has precisely the same meaning
in all three cases.Is it seriously being
suggested by Baumol and those who share his
views that the word now be redefined so as to
apply to none of the three cases?
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At the moment the “convenience” gained by
adopting the convention of calling DIC(D]
“the” measure of utility is nothing like so
clear or great as that involved in calling the
ordinary sort of length “the” measure of
length. This is partly because the hypothesis
that makes the utility convention convenient
is not firmly established, and partly because
most discussion of the hypothesis is still at a
highly abstract level at which there is no
great inconvenience in using a broad rather

than a narrow set of functions.
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If the hypothesis is accepted, it justifies or
permits the definition of —— and therewith,
the assignment of numerical values, unique
except for origin and unit of scale, to ——
the quantity called “utility.” These values
can in principle be determined by observing
the choices made by an individual among a
limited class of alternatives. The hypothesis,
if accepted, thus makes it possible to regard
“utility” as “measurable” in the same sense in
which length and temperature are “measur-
able.” In all three cases this means the adop-
tion of a convention on grounds of its conven-
ience in using the hypotheses or theories in
question. In no case does it justify regarding
the particular “measure” as an unchanging
“absolute” or as having any relevance for
phenomena outside the range of those encom-
passed by the hypotheses on which the par-
ticular conventions rest. In all three cases it
would be possible in principle to dispense with
the convention and to adopt a more round-
about method of discourse, but only at the
cost of a probably intolerable complication

of known empirical regularities.
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Two quite different classes of objections
are made to this particular convention for
assigning a “measure” to utility: (1) that
the expected-utility hypothesis is not a useful
or valid interpretation of actual behavior and
( 2) that any convention that would treat
utility as measurable is undesirable or
unnecessary. The first objection is, of course,
and should, be

removed only as and if experience in applying

unexceptionable ; it can,

demonstrates that the
fruitful and
acceptance. The second objection,

the hypothesis
hypothesis is justifies
on the
other hand, cannot be accepted.It would
deny economics a mode of speaking and
expressing theories that has been found useful
if not indispensable in other sciences.It
expresses a viewpoint that its proponents
would find impossible to apply consistently;
they would have to deny themselves the
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privilege of speaking of money income, or
stock of money, or size of population as
measurable.

] i TRES] 2897 3D 0BED
FIE LT, B0 ERSRE - R
FHURBBHENTVWAZERERTILEND
50TH 5, —2DREF, [HEshAKS
12, EBROTHICETIEREH I VIIEYR
BRAZERTELO0TIREY, EE3FRTH
D, TLREZE L THEBHINTHIARYTRE
WEETH B, bOI—DDRER, [$HH %
[HIETEER ] dDELTHOEAI T EANLE
U2THAHEIBVHIEEHENG, Hr L
BOH2VWEARERSDTH B, LESFEE

+ o = VERRICB T BREworldic oW T (T)

67(687)

ThH, TLRZIANBEOARYLHDLBDOT
b3, CORBKIZ, foFERFRLBLT, £<
OARAREFTEEVTNEWE LTS, BH
THBIEBFILbhr-TV5, GEEHRER
B sBicRHan3) &38R, BFEFC
BOWTHHEINBE I EEEETIIEANLEL
35D ThHb, - DEBEIFHTEER,
RicHSDORBI—BLTEETHAS> LTS
D 5IE, £BMNIRAP, SROBEEL, A
OoKEsMER, [HEMER] dDELT
HHT A EDLITENE, ATHOIEKT 2R
W2 DTH B,

19974104 4 H(4D





