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THE _LIMITS OF PRICE INFORMATION IN MARKET PROCESSES.

In economlec systems, cutcomes depend upon the actions of agents and
are ilnfluenced by the agents’ bellefs about the environaent. Inferences
from observed data help agents form their asseémenta about not-
‘immedlately-observable (but relevant) characterlsblcs, auch aa the
prospects of stocks in future markets, the durability of a glven product,
etc. One way to formallze Gthis 1s by consldering ﬁ whole c¢lass of
possible environments. Typically, agents have only partial information as
to whlen environment they are in. Thelr decisions will generally depend
on the Lnformation they have, and, conaequentiy, g0 Wwill prices. Suppoae
the system assocliates an equllibrium prlce with eacn environment. Traders
who are famlliar with the process can augment this In their information
structure and make Inferences from prlces about the {nformation available
to otner traders. This raises a number of interesting questlions:

1) Would the price signals generate allocations that are efflecient
with respect to the traders’ preferences, conditlonal on the azgregale

information available to all traders?

2) Would the existence of equilibria 1n "alassical? environments
atil)l be assured?

3} How would the posslbility of making inferences froa prices affect
traders’ willlngness to engage Ln observation of the envirenment and ln

the acqulsition of Lnformation?

All the above Lssues are obviously lnterrelated. Radner {1937) has



shown that LIf the informatlon revealed by prices ls as good as thez Jjolntb
{information possessed by all traders the anawer to (1) above ia posltive
and the price system is lndeed efflclent. On the other hand, examples
have bean used to show that when traders make concluslive inferences froa
prices equilibrium may fail to exist even ln relatively simple economies
(e.g. Green 1978, Kreps 1975, Jordan 1976). Wnen equlilbrlum prices do
exlst, the lnfeﬁenbial opportunitles they atrford nave an impact on Ene
profitabllity of the search for ned informatlon.. Superior lnforamation has
distributlonal implications, and Lt has been suggestad {cf. Hirschlelfer
1971, 1973) that thla may lead Lo a soclally wasteful "over lnvestaent” in
1nformation. If, however, Llnformatlon s well reflected Lln easlly
obaervable prices, traders” behavior will resemble a wmarket with
homogenous information, where speculatlve tradlng originating from dlversé
pellefs can hardly take place (ef. Grossman and stiglicz  1975).
Redlstributional opportunltles are Chen severely limited, and witn then
much of the incentive for traders to acqulre costly inforaatlon. The
igroduction efficlency® of tne systea fs then impalired, because witn
iittle acquisltion of informatlion prices wlill at best provide only llamlted

slgnals for efficlent productlon declslons.

This péper ls concerned with a basle issue in price information,
wnleh L3 cructal to all the above questlons, L.e. whab is the extent of
the Lanferences that can be derived {rom prices or, equivalently, how well
can a given'plece of Lanformation be Lnferred f[rom prices? Tnis question
has attracted conslderable diract interest {n flnancial economics, because
of the obvious ilmnediate lmpchatLons_ for investment polleles In tne

stockmarket (e.g. Fama 1970, and Black 1971) or for the flrms™ reporting




policies (e.g. Ball and Brown 13588). The Lliterature Lla especially
concerned wlth sltuations Ln wnlch Lnfbrmatlon Ls "fully reflected" in
prilces. Radner's condltion represents an extreme case, In whien all

information can bde inferred from prices wlth ¢omplete agcuracy. deaker
Lnferences apply when the prlce Ls a “sufflecient statistic” for some {but
not necessarlly "all®") Lnformatlon. Even though the data cannot be fully
and accurately deduced from the observed prices, the potentlal Inferences
can still be consldered operationally conclusive. Thls aspect was studled
by Kihlstrom and Mlrman {1975}, wno presented condltlons for the price to
be a sufficlent statistle for some Lnformatlion. Grossazan (1976) and
Grossman and Stlglitz (1975) have constructed neat models that exnibiv
this property. In these models, a price functlon on the eavlironment 1s

shown to satlsfy the equllibrlum properties and to be a sufficleat

statlstlc for all available Loformation.

Limitlng the analysis to tne equlllbrlum properties of a hypothetlcal
price function may overlook an lmportant questlon. Conslderation must be
given also to tne exlstence of some process whereby such a function' could
be derived from tne traders’ behavlor In the mnarketplace. Syatems Lln
which such a proceas axlsts, so that prices depend on the envlronment only
tarough traders’ demands, are termed here ‘genulne tra&lng processes".
The results of thls paper stow that in zenuine trading processes prices
cannot be aeaningfully “fully Informative®. They cannot accurately
reflect any useful Lnformatlon, nor aven be sufflclent statistics for fit.
In equilibrlium, the only lnformation whlch can be accurately inferred froa

prlces i3 Iinferlor informatlon whleh can also be accurately Inferred from

other data; prices can (trivially) be "sufficlent sbtatistlies' only for




basically useless information whlenh would not affect traders’ declslons

.evan ln non-informative systems.

I1. THE MODEL.

Conslder an economy with I traders,’ indexed by i=1,...,I, tradlng
ln J assets whose price Ls denoted by p=(p',p%,...,pY). Each trader
deteralnes hls poszsitleon x:(x1,x2,...,xJ) azeording to hls possalblllties,
hls tastes, and nls bellefs about the environmeat. Tne relevant aspects
of environmental uncertainty are represented by the set W of states of tne
world W, an unknown one of which obtains. Diverse bellefs about W 1ay
induce traders with slmllar tastes and possibllltlies to make dlfferent
declsions. Inforamatlon and Inferences that change inlclal bellefs are
central to our analysls. Traders with diverse backgrounds wnay drad
di fferent Lnferences from the same data. Followlng Marschak (1959, 1953},
tals Ls Lacorporated 1Ln the model by an extended descrlption 8=(w,z) of
the states of nature, where w lncorporates the aspects that are relevant
for (Flnal) declslons and z the aspects that are relevant for lnfer'encea.2
Traders have thelr (heterogenecus) bellefs about the set 3 of possivple
{extended descrlptlons s of the) states of nature, whlch clearly also

involve their bellefs about W. [Information about the environment can be

descrlbed as a functlon on S. Wnen a trader knows that F(s)z=f, he

170 lend the system compebltive properties, Lt suftlces to think of I
classes of traders, rather than I traders, cf. Grossman (1976).

2Harsehak calls w bthe Yexternal" or "payoff relevant” state'and Zz the
state of the “information lnstrument”.



restricts hls abttention to those states in S that could have generated [
under the function F, and correspondingly updates his probabllicy
asgsessments for the relevant aspects w of the states s. Dlversae bellefs
apout S allow traders to make diverse (probabilistic) inferences about W
from the same LnrormabLon.3 For any set X of tentative market positlions
(a subset of HJ) and any collectlon Fy,Fy,y..- of functlons on S, let (the
J-dimenslonal vector) G;{XiF,(8)=f;,F,(8)=f,,..] denote the 1%9 rrader's
preferrad positlon among the alternatives in X, if ne knows that F1(s)=f1.

Tne formulatlon  explleltly separates Lhe Lwo
conslderatlons that are involved in the trader s cholce - the ranie of

feasible alternatives, and the informatlion that guldes hla cholce.

Traders' laformatloa ls heterogeneous, and they do not all have
aceess to bthe sane data. Generally, there are N types of observations,
whers yn=In(s) means that when the state is 3 tne gggg_xn is generated by
the observation (.. qu _conventence, we adopt the followlng notation

conventlon. Let N={1,2,...,N} denote the set of all observatlons, and for

any subset A of N (wrltten A< ), let YA=[In,neA} denote the set of

3To see how one laformatlon function on 3 can mean diffarent thlngs
to different traders, consider this slmple example. Suppose (the valua
of) w can be elther G (good) or B {bad), and suppose an economle indicator
ecan be elther H (high) or L {low). Suppose further that Lwo traders
initlally conslder & and B equally llkely, but whereas one makes no
inferences from the econcmlce indlcator the other associates G with H and B
with L. Thls can be deseribed wlth a model where s={GH,GL,BH,BL} and
F(w,z)=z regardless of w, where the flpst trader Lnitially assigns
probabillbty 0.25 to all states s, and the other trader assigns probablliby
0.5 to GH and BL and zero probablility to GL and BH.

"Hith utlllty maxlmlzlng and price .taklng traders, tnis i3 tLhe
poaltlon x* that maximlzes the condltlonal expected utllity, glven
Fq(s)=f1,F2(s)=f2 ete., over all x Lan X. If x* ls not unique, G (Xi...)
may be deflned elther as the set of all utility maxlolizing solutlons, or
just one solutlon selected by the L h trader throuzh any arbltrary rule.




observatlons wlith Lndexeas ln A and YA={yn.n£A1 the data generated by tnese
observatlons. Let K(L)g N denote the LEN ypader’s observatlon _set, L.e.
he has access to the data YR(L) generated by the observations YK(L)‘ Sone
observations may Dbe shared by many traders, so thalt Lhe observatlon sets
(1) need not be dlsjolnt. As noted above, dlverse Inlkial bpellefs amay

induce ‘traders to asslgn different interpretations to the saze data.

Public informatlion may be defined as the lntersectlon of all K({L}.

A trader' s Lnformatlon on the environment ls not restrlcted to nis
observatlon set alone, Dbecause he @aay also' infer from mar :et prices
sometning about data that other traders know but he does not. Such
inferences are poasible because reallzed prices depend on the state of
nature, and traders are aware of thls (possalbly throuzh famlllarity wlth
the hlstory of the system s benavlor). Let P represent the functional
relatlonsnip between prlces and the eavlronment, 1.e. p=P{e). Agaln, tne
inferences about 3 thap Fraders can draw from the price p have only
Llmited Lmplicatlons on thelr Lnferences about Lhe "paglevant'" aspect w of
the state 3. In recent studles of market Lnformatlon, attention has been
devoted to models where all traders’ 1nferences are identlcal, involving
complete knowledze of the “true" relationshlp betwean all ultimately

observable varlables and the prlce. Thelr expectatlons about w have thus

been assumed "self fulfilling”, and Ln some cases this has even bean
considered a requlsite of rational behavlor - h2nce tne termlnology
“fulfilled expectations equillbrlum” and “"ratlonal expectations

equlllbrlum® assoclated with many models of marketa where prices coavey
1Information. in the preasent study, traders” expectations need not be

tgelf fulfllling®. Thelr Inferences about W may be limited and



heterogeneous, depending on thelr initlal bellefs about S.

Besldes the speclal role of prices in conveylng information, prlces
naturally alsc have thelr usual role of deteralning each trader's set of
possible market positlons (demands), by affectlng nls wealth and the asset
comolnations that can be attalned wlth this wealth. Let Ki(p) be Lhe Ltn
trader's set of feaslble market posltlons wnen Gne pélce Is p. xl(p)
reflects the usual pudget constraint and any further restrictlons that ma}
apply (e.g. anort positlions, margln requlrements, Lnstitutional

limltatlons etec.).

Let QL(pIyA,P) pe the LD trader's position when the price 1s p,
glven that he knows the data Ya and glven his inferences from Lhe price p,
L.e.

Qy(pty,,P)=G (X {p)iY,(s)=yy,P(s)=p].
Thls notatlon shows clearly now prices affect the trader’ s cnolece 2oLn
through the feaslble seb"xl(p) and throuzh the lnferences fron 2{a)=p.
For glven y, and P, the Lndlcated position Ls a functlon of p, say Dl(p),
mapplng (J-dlmenslonal)} prices Lnto {J=-dlmenslonal) demands.’ Dy is

called the demand schedule or the demand correspondence of Lhe L“D prader.

Tnis demand correspondence L3 determined by the data he observes and by
the inferences tnat he drawa from prlces. Let thls relationsnlp be denocted
by Ly, il.e.

D=Ly (y,iP),
whlen means that when the Lth trader observes the data Ya and 1nakKes

i{nferences from prlces, hls demand correspon&ence Ls DL=LL(VA=P)' 30 that

Sor perhaps into subsets of RY.



when the price Ls p his posltion is DL(p), where
Tne relationsnlp between the envlronment, demands, and prices s

elaborated upon ln the next sectlon.

III. GENUINE TRADING PROCES3ES.

feonomle theory has traditlonally concentrated on equlilibriua
conslderatlons {e.gx. traders’ constralned optlmizatlon and market
elearlnz), and studies of the relationsnlp between Lnforamatlon and prices
are no exceptlon. The usual approach Lln the analysls of [lnformatlon
equlllpria L= _phus Lo poatulate some functlon P and Lavestigate LL3
equillibrium properties. Kreps (1975) is careful to state explielbly a
paslc requlrement that 1s impllelbly adopted ln such models, l.e. tnatl
v __.prleces (must) contaln no more {nformation than Ls possessed vy all
(traders)" (p.2).% But équllibrlum considerations per se - even witn an
expllelt Lndication of the underlylnz Loformatlon - do nobt wmake any
reference to the way Ln whlen avallable Lnformation affects GLne
determlnation of prlces. Indeed, the standard requlreaent is not

inconslatent with a walraslan auctloneer wno Lndependent Ly observes all

avallable data and then calls tne Lindlecated prlce, wnleh ls Lndeed
verLfled to be equllibrlum. The baslc problem here L3 that equLLLprLum
(and thus also fulfilled expectatlons equllibrium) does not expllclitly

indlcate the relatlionshlp batween Lne particlpants” tradlng penavior and

6For‘mauy, tnls 13 stated as a requlrement that P be at least as
coarse as Y]""'YN' or equlvalently that there exlst some funetlon
mapplng observatlons Lnto the reallzed prices.




the reallzed prlicesa. To capture the essence of our usual understanding of
the "market" nmnotlon, Lthe model must make 3ome reference Gto bhls
relatlonshlp. “We want pﬁLcea that are genarated throuzh traders’
benavior. Prlces that depend on tne envlironment ln a way that cannot be
assoclated wlth tradlng behavlor may be no more than a spurlous property

of the model.

A concept éf “genulne FradLng processes" Ls introduced in tnls paper
to rectlfy this difficulty. A 1irade resolving process” M Ls deflned as a
functlon mapplnz I-tuples of desand correspondences inte prices, l.e.
M(D,,...,DI), wrltten also as M([Dl}), is the (J-dLmenslonal) prica vector

when the first trader’ s demand corraspondence Ls D1, the second s Ls DZ'

ete.! Wa say that the price system is a "genulne tradlng _process" L

there exlats M such that

P(S)=H([LL[IK(L)(S)1P]}) for all 3 in S.

In words, a genulne tradling process represents a markel where prices are
fully determlned by traders’ demands. Two stabes Gthat glve rise Lo

ldentical demands by all traders must glve rlse to the same price.a We

TTo be an equillbrium, a trade resolving process must of course
satlsfy the requirement that, for any I-tuple of demand correspondences in
Llts domain, if pg=M({D;}) then the sum over L of all D;{p,) equals tne
aggregate supply. M 1s assoclated with "genuine" trading lLn that prlce
outcomes are based on the truly preferred (budget feasible} tentatlve
positions Dl(p), and are not manlpulable by false statements of Ctheae
preferences. In a competlbtive a3ystenm, the motlve for such
misrepresentations does not exlst, because when each trader belleves tnat
hls demands will have no more than negllgible effect on reallzed prlcea he
concentrates on gettlng the most preferable outcome at any 2lven price.

BIn genulne tradlng processes P dust be at Least as coarse as
L1,...,L - clearly a stronger conditlon than the wusually assumed
comparlson to 11,...,YN.



can vlsualize this process ag__Lf the wmarkel were operatlng ln thne
followlng way. After observing the data in nis observation set, eaca
trader subalta detalled complex llmlt orders, wnereby his transactlons Ln
one asset may depend also on prices of other assets, In these 1limlb
orders, the deslred transactlons contlngent on any tentatlve prlce already
peflect all the lInferences that he can draw from the fact that thls
par£Lcular price Ls tha equilibriun realizatlon. AllL orders are entered Ln

Jthe book", and on the basls of these entrles a pri¢ce Ls declared. All

orders applicable to the declared prlice are then executed.

IV. PRICES THAT FULLY REFLECT INFORMATION.

J4nen lnferences about certaln informatlon can be derlved froa prlces,
it is sald that the Informatlon ls “reflected" in the prlice. A statement
on the Lnformatlon content of prlces Ln a glven system mustk 3apeclfy Lwo
thlngs: . (1) what Lnformatlon Ls reflected Ln prices, and {2) how prices
reflect this Lanlormation, 1l.e. what kind of Inferences about tnis
lnformation are possible In the glven systea. Tnese aspects mzay e
considered "dlmenslons", along whicn statements on price Lnformatlon can
be (partlally) ordgred. A statement 13 more far-reacnlng along tne Firat
dimenslon {("stronger”) Lf Lt relates to amore Lnformatlon, and wmore far-
reachling along the second dimension If 1t Lanvolves more powerful
ILnferences. Of course, Ln some systeas Lt may be possible to deraw far-
reachlng Lnferences about some ltems of data, but only aucn more limited

inferences {or none at all) about larger Lnformatlon sets.

Special Llnterest has been devoted in the llterature to the notlon of
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prices whlcn "fully" reflect some information.? The most far-reacnlng way
in which prlces may reflect soae {nformatlon 1s naving the Lnformatlon
ttaself fully and accurately Lnfecred from prlces. Thls klnd of Lanferance
may, however, may De more far reacnlng than the needs of traders. Traders

may perhaps be able to draw from prices all the operatlonal Lmpllcations

assoclated with some Llnformatlon wlthout belng able to actually retrleve
the data ltself. Tnese notlons are represented In the followlng Gtwo
alternative deflnitions of systeas witn prlece Lnformation. In both
definltlons, the attempt to indlcate how prices supposediy "fully refleckt”
sone informatlon Llnvolves Lwo aspecls: (1) prlces provlde n"gariasfactory”
inferences, 3o that recourse to the data itself Ls unnecessacy, and (2)
the Inferences can be zmade directly from the price, and they do not depend

on the trader's other lnformatlon or on hls preferences.

Definitlon: The market 1s fully data-informative wLth reapect Lo

informatlon set A ¢ N Lf the data YA=YA(3) can be accurately Lnferred from

the price p=P(s) for all s ln S.

Definition: The market Is fully_ action-lnformatlve witn respect tO
{nformation set A ¢ N Lf the optlmal posltion of any trader, glven LD3
data in any Lnformation set B, the data {n A, and the curcent prlce ls

equal to his optlmal posltion zlven only the data in B and cthe prlce.

The flest deflnitlon is more far-reachling than the second, as a data-

e

91n the literature of flnancial econcales, the market 13 sald to be
vafficlent In the strong form™ L€ prices nfully caflect all avallable
{nformatlion”, It Ls sald to be efficlent in the "sealsteong” form Lf thls
applles only to "the set of all publicly avallable Lnformatlon", and Ln
the "weak" fora- Lf one refers only Lo the sequence of past prices (ef.
Fama 1970).

1



Informatlve market Ls clearly also actlon-informatlve wlth respect to the
same Informatlon. In both definitlons, if the statement applles to 3oae

information set A, Lt alsc applles to all subsets of A.

V. LIMITS OF PRICE INFORMATION.

The theoretical study of models in whnleh prices "fully reflect" some
Laformation ls concerned primarily with the Lmplicatlons for traders’
behavior and with the allocatlon efflclency of the price system. Emplirlcal
Lnvestigations sesk to determlne wnat kinds of Loformation are actually
reflected In observed prLces.10 Botn approaches are based on tas premlse
that full inferences froam prices may be possible. wnlle some exazples
indlcate that with prlce Lnformatlon equilibrlium may fall to exlsat, other
exanples seen Lo suggest that fully infornative oprlces may ©pe an open
possiblilty. To help determine the relevant domain for both Lheoretleal
analysls and emplrical work, it Ls Llaportant. Lo Ldentlfy the possible
range of price Lnformation. Assualng that equlllbelum prlces exlst, to

what extent can they reflect Loformatlon?

This sectlon sets llamlts on the feaslble extent of price informatlon
in gzenuine tradlng processes. Tne posslble comblnatléns along the Lwo
"dimensions" of prlce Lnformation are severely resbricted: only very
Limited inferences can be made from prlcea with respect Lo substantlal
informatlon sets, and substantlal Lnferences can be nade only wlth respect
to very llmited lnformatlon sets. It La shown, below that prlges cannct

Wpor a survey of emplrical work on price Lnformatlon Ln the stock
market, see Fama (1970) and related papers Ln Lorle and Brealey (1972).

12



really "fully reflect” any useful information. At best, Lhey can celvlally
"reflect" only “"lLoferlor” oo "pasleally useless" Lnformatlon. Rough.y,
Inferlor informaElon Ls Lnformation that can be accurately Lnferred from
other data, and baslcally useless lnformation Ls information that would
not affect traders” decislons even Lf prices did not reflect any part of

that Lanformatlon. These terms wlll be preclsely deflned presently.

The Ffollowing notatlon will sharpen the definiblons and help make the
exposltlon preclse. For functloas F1 and E‘2 deflned on 3, we say Lniat F1
is determined by F,, of equivalently that #, teangfoems F,, weitten F,TF,,
Lf there exists a function H such that
F1(s)= H[Fz(s)] for all s in S.

F{TF, ls equlvalent to “Fy Ls coacser than F,”, i.e. the pactitlon of 5 to
equivalenca c¢lasses under F1 Ls coarser than the corresaponding partltion
under F2. It Is evident that T is transitive and that A¢ B¢ N Llmplies
IAT!B. For sets A and B, let 8-A denote the set of polnts in B and noﬁ Ln'
A, and let A#=N-A be the complement of A ln N. Finally, consider
DL=LL[YK(L)(3)IP] as a functlon on S, L.e. the state of nature deteralnes,
through the observations of the I.l"'n teader, the demand cocrespondence bnat
chacacterlzes his benhavior. Let D denote tne I-tuple of demand

correspondences of all traders, whlch will be termed élmply ‘'demands’.

Azaln, the reallzed demands depend on Lthe state 3.

Some of our deflnitlons can be neatly restated in teras of this
terminology.

(1) A genulne trading procass: prices are deteralned by demands (PTD).
(2). The macket Ls fully data-informative wlth respect Lo A: Lne

obaervations in A teansform prices (IATP).

13



A Fully actlon-informatlve market can pe formally cepresented as follows:
The functien P Ls fuLLy actlon-lnformatlive wlith respect to AC N when for
any 8< N, Ypo yé, and p whleh are nob mutually lnconsist.enr.11

Q (plyyya:P)=Q(pivg,P) for all L.
For slmpllclitby, assume that no inforaatlon avallable to any trader i3 30
concluslvé as to completely ellmlnate Lthe posslbLllty of any price In P(3)
(altnough with some data h2 may assess the probablility of certain prlces
Lo be arbibrarlly Low).12 Tne equality must then apply to all p, and can
pe weltben aiamply as:

Li{yapaiP)=Li{ygiP)-
This lndlcates that when prices (operatlonally) reflect the Information
set A no demani coccespondence depends on tne data ln 4, hence Lthe

followlng leama.

Lemma 1: If the market La fully actlon-Lanfocmatlve with respect Lo A, then

demands are deteralned oy observatlons not in 4 (QIIA.).

Proofs When the market Ls fully actlon-Lnformatlve with cespect to A, 1t

{s fully actlon Lnformatlve with respect to A':Ar]K(L), because for all B
L (ygiPY=ly (¥agatP)=Ly{ygya-yat ®)=by (¥pyaiP) -

Hence, with B=K(L)-R

LL(YK“.)-AlP)=L'L(YK(L)=P) for all L

11 e. the Lntersectlon of YA'1(yA) IB'1(yB) and P~'(p)} Ls non-empty.

121he purpose of thls Ls Lo preclude "aptificlal® slgnaling by
Lnformed tradees theough statements of ni{ppalevant" demands contlngent on
prlces that they knoWw to be Lmpossible. The same affect could be
alternatlvely attalned oy assumlng that such slgnallng (pelor to taking a
posltlon based on thelr superior Lnformatlon) Ls contrary Lo Che Lnformed
tradecs” best Lnterests, or by assuming that the market system generates
prlees that are Lndependent of these 1| ppelevant' demands and that wlll
thecefore not "transmit the slgnal”. .

1



30 Lhat DLTIK(L)-A and hencsa QI!&.. QED.

Slnce prlces are deteralned oy denands, tnls Leads to the following basie

result on the Llmits of prlce Laformation.

Theorea 1: If a Zenulne tradlng process is fully actioan=-knformatlve wWiin
respect to A, prlces are determined by observations not In A (PTIA.).

progf: By transltivity, PTD and DIY,, Lmply PTYp,. QED.

When prleces are fully determined by observatlons not Ln A, they cannot
really "reflect” A. To prove what can be preflected by geaulne tradlag
processes, we deflne Lhe following two characterlzations of observation

saka.

An observatlon set A is termed Lnfecloc Lf Y, transforms Yp,. Data in an

inferior observablon 3et can Lnus be accurately Lnferred from data nob in

that sebt.

An observatlon set A Ls termed pasically useful Lf tners exlst states al
and 32 wnleh 1nvolve dLffecent preferred positlons for some trader, and
whlen are dlstlngulshable only theouzh IA, L.e.
IA.(31)=YA.{32)=YA1
RCR S U IACO R
p(s=pl, Pl32)=P2
and for some | and any funetion F(s) such thabt FTY,. also
GLEXL(p1)IIA(3)=YA1,F(s):f]£GL[KL(pz)IYA(s)zyAZ,F(s)=fJ.
A baslcally useful observatlon set will tnus, at least under 303€

clecunstances, affect soma trader s ~posktlon, regacdless .of the

Infocmation he has on observatlons not in that set. A" basigally_ _useless




observation set Ls deflned as a set that 1a not basically useful. It is
evident that an Lnferlor set canaot be basleally uaeful,13 and aust

therefore be basically uzeleas.

Wwhen the observations Ln A Lransfoem prices waleh are deteralned by
observations not in A, A must be a set of inferlor data whlen aerely
transforma other observatlons, l.e.

Theocem 2: If a genulne tradlng process is ful;y data-informatlve with

reapect to A, then A Ls Lnfeclor.

Proof: A& fully data Lnformative marxet Is fully actloa~lnformative, hence

by theorem 1 PTY,y, and by teransitivity this and Y TP laply Y Tfys- SED.
A A A*YA

s

If prices are only actlon Lnformatlve with cespect to A, A need not be
tnferlor. But then there cannot exlst two states that lnduce different
demands and that can be dlstingulshed only through I, - because by theorem
1 prlee 13 determined by YA, and must. be Ldentical foer both states, and
different demanis at thls oprlece contradlet a fully actLon-informative

market. Thlis is stated In

heocem _3: If a genuine tradlng process ls fully action-Lnformative with

respect Lo A, A Ls baslcally useless,
Proof: Assume to the contrary that A Ls basically useful. Then, since by
theorem 1 PTY,,, Lhere exlst states s! and 32 sucn that P(s1)=P(32}=p,
In,(31)=IA.(32), and for soms 1

G L (P)iY,(8)=y, 1, P(8)=pI£G [ X; ()1 ¥y(9)=y,°,P(3)=P]
or, equlvalently

q (pty, ", P)Q (piy,2,P)

13gecause the assumed premlses cannot hold for an inferlor set.
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whleh contradlets DTY4e and a fully actlon-lnformatlye market. QED.

Suppose tne markgb Is actlion-Lnforaatlve wlth respect te A, ani soaxe
subset B of A* transforms A. Then the market must be also action-
{nformative with respect Lo BUA, whlen dust tnereafore also be baslecally
useless. Tnls suzgests something about the reason why data Lln a basically
useless set A need never be used - even Ln a non-informatlve aarket - Lf
suffleient data from A* Ls avallable. It cannot Qe merely becauss tne
other data somehow repeats the 3aca Ln 4 or contalns Lﬁs equivalent. A¢
must contaln some data wnieh Ls In some sense “éupeclér" to the data Ln A.
This data, say As. cannot be ceflected Ln pelees, bacause tnhen AUA®  would

have to be also baslcally useless, and so fortn.

V1. CONCLUDING COMMENTS.

Tne resulbs_ of tna prevlious sectlon nave an important Lmpllication
for the theoretlcal study of macket systeams. When prlces conveay
Informatlon bto teadeca, Lt Ls not enough to establlsh Lhe exlstence of a
hypothetlcal equlllorium prlce functlon. It la also necessary Lo
can generate thils prlee functlon {rom traders’ denands. Inde=d, the
exlstence of a beade resolving process L8 only a flrst condltion for Lne
acceptabllity of a model as a descrlptlon of an operatlng mackeb. Fubure
studLes of equlllbrla tn genulne teadlng processes amay well devote 3ome
effort Lo a more detalled characterlzation of the propertles of tne trade
resolving process. Foc example, conslder CLwo sets of poaalble deaand

corraeapondences, [DL} and {Dt}. Suppose that M(IDLl)=p°, and suppose

17



that for all L Dl(p)=D[(p) on a nelgnoornood of p,. ILf market cleaclnz is
the major considecation In the trade cesolving process, a model may be

deemed unacceptable Lf it Lnvolves a mapplng ¥ such bthat H({D!})épo.

A model pf a genulne trading process can be made to genecate fully
Lnformatlve prlcea by artlficlally ecestrlietlng tradecrs from Lneoecporatlng
the full prlce Lnformatlon Ln thele subzitted demands, or by foreing Lhea
to artifleclally slgnal thelr observations to the auctloneer. Technlcally,
thlis Ls gxcludad from our analysls Dy the basie prealise tﬂab
Li(yAUBlP)=LL(yB:P) whanever prlces are fully informaslve with respect Lo
A. Models whlen do not satlsfy tnls pe2alse aust lnterfece wltn the free
incentive compatlble behavior of traders. At amosk, such models can
establish tne potenktlal of prlces to peveal Informatklon Lf, and only LF,

tnls potential Ls at least Lo some extent lgnored by braders.M

Tne stockmarket Ls often menbLoneq as an example of a competltive
enviconment where prlees way convey informatlon about tLhe stocks'
prospects. Kihlstron and Mirman (1975) have recently polnted to tne
_analogy between "Insldecs’ informatlon" as transmitbed by stockaarkelb
prleces and the role of consumption goods prices as {ndicators of quality.
In genulne tradlng processes, peice LInformation will never De sufficlent

to ellminate the GLeadee's need foe (dicect) rellable Loformatlon on tne

11"I'nls paper has been presented Ln Lhe compatltlve equlllbrium
conkext. strictly speaking, all the results would also apply to Tgame"
sltuatlons, whers the "demands" I-tuple D can pe any equilibrlium aolutlon
of an I-person game with Lllmited Iinformation, and where tne brade-
resolving process M Llncorpocates the operatlional ‘cules of the zane".
Howeveer, a recent unpublished communlcatlon by Robert Wilson seeas to
suggest that more sophlstlcated concepts may be necesaary to capture Lhe
full scope of prlce information Ln the non-competitlve framewock.
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{hidden) guality of nelther consumnptlon Zoods nor financlal assets.

Groasman gpd Stiglitz {1975) have been- concerned witn tne
implicatlons of prlece inforaatlon for the gatherlnz of costly
observationa. Wlthin the framework of a speclal model, they shos tnat LT
markets are data-informatlve and Informatlon Ls gostly “markets break
down", and that zero Informatlon cost is 2a necessarcy and -sufriclent
condlLblon for fully data-Lnformatlve prlces.15 Qur cesults Indlcate bhat
for thls sbrong peopeety. Price Lnformation Ln suen processes Ls
necessarily Limiced, and coatly observation of basleally useful data Ls

econonlcally viable aven when prlcea may raflect some Lnformabion.

Some frequently encountered types of data are Lnherently infeclor.
Typically, this applies bto most widely published data, wnlch (foe ceasons
of c¢oat) can be publlsned only in some aggrezated form. For exanple, all
summarized palanca-sheet ‘data L3 Lnferlor Lnforamatlon, because Lt mecely
transforms the data LIn the btaslec accounts fr&m whlch the balanze-sneets
were derlved. The results of tnls sectlon shed a new Llght on tae
Ilmplleations of perlee Lnformatlon with cespect bto this klnd of daca. If
the data may be Lgnored in a trader’s declkslon-making progess, this [s not
because other braders also have access Lo bhe same data (as Llmplied by the
notblon of "sealstrong" stockmarket efflclency), bub perhaps because there

exlsts some ocher Information wnlch 1s gupecloc bo thls daca.'® Tnls

15Ibl.d, pages 4 and U4s.
IEHOH accountlng Lonforamatlon is "reflected” Ln stock market prlces Ls

a quesatlon of major concern Ln business and flnanclal economies. For a
survey of some studles on bhls Lssue, see Lorie and Brealey (1972).
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supeclor Lnformatlon L3, however, never fully reflected In market prices.

The set of %LL observations Ls clmacly basically useful. It follows
that models Ln whleh the macket Lls fully actlon-lnforamatlve wWitn respact
Lo the set of all observatlons (e.g. Grossman 1976, and Grossman and
Stiglltz 197%) are Lnconslstent with a genulne tradlng process. In tae
context of the securities” markets, Lt has been sugzested that ‘'buy and
nold" would be an optlmal lavestment policy Lf "all avallable informatlon
ls Lamedliabely Lncorpocated in prLces".‘T Agaln, ¢Gthis cannol be
appllecable to a genulne tradlng process. The maln operatlonal impllcatlon
of tnls paper 13 esseantlally very inbultlve. If prices are belleved to de
declved from teaders' demands, each trader i3 wekl advised to consider
carefully any basleally useful (nformation he may have, even If Lt Ls

wldely shared by other traders, and even Lf prlces convey Lnformacion.

Teoe exanple, see Black (1971).
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