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ABST BALT

This is a4 paper about modeling metheods in information ecomomics. A
notion of "favorableness™ of news is introduced, characterized, and applied
to three simple models. In the equilibria of these models, (1) the arrival
of good news about a firm's prospects always causes its share price to rise,
{2) more favorable evidence about an agent's effort leads the prinecipal
te pay a larger benus, and (3) buyers expect that any product information

withheld by a2 salesman is unfavorable to his product.



1. Introduction

Information economties is the study of situvations in which differ-
ent economic agents have access to different information. any kinds
of institutions and patterns of behavior have been treated as attempts to
cope with such informational asyometries. For exzample, Spence [1973] has
treated higher education as an attempt by talented workers to signal
their talents to enployers. Akerlof [1976] has offered a similar analy-

s5is of the "rat race,"

in which emplovees work faster than the socially
cptimal pace in order to distinguish themselves from less talented oo
workers., Milgrom and Roberts [1979] offer a gigunaling analysis of the
phencmenon of limit pricing, in which an established firm sets its price
below the menopoly price in an attenpt te discourage potential competi-
tors. In edeh of these signaling medels, the analysis is driven by a
monotonlcity property: more talented workers buy more education (Spenca)
" or worx faster (Akerloi) than their less talented counterparts, and lower
cost firms set lower prices.

Monotonicity also plays a key role in rwodels of adverse selectdion,
For example, in the insurance market medels of Rothschild and Stiglite
[19%76], C. Wilson [1977], and Pauly [1974] (in which individuals know
their probability of suifering a loss but the insurers do not), the
individuals with the greatest likelihood of loss buy the zost comprehen-
sive insurance coverage. Similarly, in Akerlef's [1970] famous 'lemwns"
model, higher prices in the uséd car market result in a higher average
quality of the cars available, since owners of good cars will simply

keep them if the prevailing prices are too low.



Additional examples of the role of monotonicity can be found in
the literature on search, advertising, and bidding. In bidding, for
example, the typical analysis proceeds on the basis of the intuitionm that
a buver's bid should be an increasing functien of his true reservation
price. (This price, of course, is known only to the buyer.)} For example,
see Vickray [1961, 1962] and Ortega-Reichert [1968).

In view of the role of monotonicity in $o much of informatiom
economics, it is surprising that many studies of rational expectations equi-
libria and of the problem of nporal hazard nake no use of any such property.
One might guess, for example, that in a raticnal expectations moedel the
arrival of good news about a firm's prospects would cause the price of its
stock toe rise. Such results have, unfortunately, been ocut of reach be-
cauge no devies hag been available for modeling "good news.”™ The purpese
of this paper is to introduce zuch a device.

In the fornal zwodel treared in Seckion £, there is a single, un-
known, real=valued parameter 9 which is of interest to a2 decision maker.

“intrinsic valus' in a ra-

The variable & night represent "quality" or
tional expectatdons or adverse geleciicn model, The decision maker ob-
gerves an informetive signal x. Depending on the'nature of &, an appro-
priate signal might be an array of experimental data, a financial or
geological report, a road map, & satellite photograph, or a television
pews show. In the absence of extra assumetions, the form thai a signal
takes Is theoretically irvelevant to its ability to convey informaticn.

Thinking of 8 as "effort” or "abilicy" or "guality,” I shall say

that observation x is wore faveorable than observation v if for every




nen~degenerate prior distribution on § the posterior correspomding to x
dominates that corresponding to v In the sense of strict first erder
stochastic dominance. Proposition 1 characterizes this "mwore favorable
than' relation.

If the decision maker's signal happens to be real-valued, then
there iz a staodard concept of monotonicity whieh arises in the theeory of

estimation and hypothesis testing: the monotone likelihood ratio prop—

erty (MLRP). (For example, see Ferguson [1967]). Proposition 2 asserts
that a fanily of densities has the strict MLEP if and enly if for every
pair of signals x and v, ¥ > ¥ ioplies that x is more favorable than y.
Propesition 3 asserts that in an arbitrary Information system, if signals
are alwavs compavable, then there exists a real valued functiom H such
thac H{x) is a sufficient statistic for x and has the striet MLEP.

Sections 3-5 treat a series of nodel applicatiens. The first of
these is a simple security wmarket model in whichk the announcement of good
naws about a security's future returns causes its price to rige.

The second application is made to a medel in which a prinecipal
must design a fee schedule for his agent in an uncertain venture. The
principal is unable to observe directly the effert expended by the agent,
but he ¢an observe the random profit of the venture which is influenced
by the agent's effort. The agent is asgsumed to be risk averse and to
have a reservation level of uvtilicy, reflecting his other opportunities,
The principal's problent is to design a fee schedule (in which the agent's
fee may depend on the profir of the venture) which trades off the neces-

sity of providing the agent with appropriate work incentives against the



desire to provide scme risk-sharing.

It has been something of a purzle in the earlier analyses of this
wodel that the resulting fee schedule may not be increasiog in the ven~
ture's profits. A condition derived by Holmstrtm [1979] to guarantee this
monotonicity is shown to be a4 differential calculus characterization of
the MIRP. Thus, non-wonotonicity in the fee schedule can arise only when
higher profits can be evidence of lower efforr on the part of the agent.
Ruling out this iaplausible case resclves the puzzle.

In section 5, the representation theorems of section 2 are applied
to a simple game of persuasion, in which an inteérested party (zuch as a
salesman or a regulated firm} tries to influence a decision maker (such
as a conzumer or regylator} by selectively providing daia relevant to
the decision. In softe variations of the oedel, the interested party will
repott only the information that is most favorable to his case. However,
Proposition & in section 5 shows that if the decision maker kmows how much
informatien is available to the interezted party and if some information
is withheld, then, in equilibrium, the decision oaker will suspect the
worst about any withheld infermation. Hence, in equilibrium, the inter-

ested party reporis all of his information.

2. Eepresentation Theorens

Let & be a subzet of IR, representing possible values of the random
pardmeter 6. The set of possible signals about B is denoted by X which,
for expositional simplicity,1 is taken to be a2 subset of R™. Let f{x|s}
dencte the conditienal density {or probability mass) function em X wWhen

3 takes the particular value 8., With this set-up, let us say that a sig-



2
nal » is more favorable than another signal y if for every nom-degenerate

prior distribution G for 9, G(-]x} dominates G(-|y} in the sense of strict
first-order stochastic dominance.3

Suppase, for example, that the prior distributiom G assigns proba-
bility g(8) to some parameter value £ and g{8') to some other value
8' » 8, By Bayes Theorem,

@) _ gd) f(z]8)
(2.1 5087 [s) g0y TlxiB))

and a sinilar expression describes the posterior givem vy, In particular,

if g(8} = g{@') = 1/2 and if x is more favorable than y, it follows thata

fix|8) E(via
(2-2) F(x[6') f{yle*} .

Propogsition 1. x is zore faverable than y if and only if for every

g' > 9,

(2.2") £(x|8")E(y|8) - £(x|E{¥i8') > D .

Progf: Equatien (2.2'} generalizaes (2.2 } by allowing for the pos-
s$ibility that £{y|8') = 0, a possibility that I shall henceforth ignore.
The derivatiom of (Z.2) comstitutes the proof that it is necessary.

For sufficiency, fix some non-degenerate ¢ and choose B* for which

0 < G(8F) < 1, For 8' > 8%, it follows from (2.2) that

(2.3) [ £0x|e)/E(x[87)1dG(0) < [ (£(y[8)/£(v[07)]dG(9)
B < &% 6 < 8”

Dividing each side of (2.3) into one, and then integrating over 9' yields

J s(x|s"ace'y [ fiy|eTrde(a")
NERS 8" > 8~
Jf(x[8)dece)  ~ ] E(x|8rdecey

8 < 8% 5 < &%

(2.4)




This i3 eguivalent to rhe expression:
x X ® *
[1-G(0 |x)1/6(0 |x) > [1-G(8 |y)}1/6(8"|y),

- = S
so that G(& [=) < &(8 |¥}.

0.E.D.

Definition. Let X< IR. The densities {£(-|8)} have the striet
wonotone likelihood ratis property {(striect MIRP) if for every = » y and
g' > 5, {2.2') holds. If the striet ineguality in (2.2') is changed to 2
weak jinequality, then the adjective "strict™ is dropped from the defini-
tion.

The moncotone likelihood ratio preperty takes 1lts name from che

fact that the likelihood ratic f(xiﬁ)ff{xfﬁ‘] is momotone in x, Iacreasing

if 8 > 8' and decreasing otherwise, This property plays a major role in
statistical theory, as described in most basic textbooks on the subject.
Admong the families of densities and probability mass functions with this
proparty are the normal (with mean %), the exponeatial {with zean ), the
Poisson {with mean 8), the uniform (on [0,8]), the chi-sguare (with aons

centrality parameter 9), and nany others.

Proposition 2. The fa=nily eof densicies {f(-|B]} has the strict

MLEP iff x » y ioplies that x is swre favorable than y.

Two signals x and y are called equivalent if for every 8 and 8',
{2.5) £(x|97)E(y|8) - E(x|9)E{yfe") =0

In view of (2.1), it is apparent that equivalent signals lead to identieal
posterior beliefs abowut 5, starting from any pricr. Two sipgnals are
called comparable if they are eguivalent or if one is more favorahle than

the other.



Fanilies of densities with the strict MLEF have the comvenient
vroperty that any two signals are comparable. The guestion arises: Are
there any other families of densiries, perhaps on other spaces X, with

this comparability property?

Proposition 3. Let X be general and suppose that any two signals

in ¥ are comparable, Then there exists a function H:;X+TR such that H(E)
is a sufficient statistic for % and such that the densities of H{X) have

the scrict MLRP.

Proof: Let hiR-TR be any bounded increasing function and define
{2.6) Hix) = | h{8)dG(3|x)

where G is any non-degenerate prior for 2. Since signals are comparable,
B{x) » H{¥) if and only if x i3 nore favorable than y. Therefore, by
Proposition 2, the densities of H{x)} have the strict ¥LRPF. Also, since
Hi{x} = Hi{y) iff x and v are eguivalent, H({%) is a sufficient statiscic.
0Q.E.D.
One final definition will be useful in the first application. A
signal x is called neutral if for every prior distribution G, & = G(-|x).

From (2.1), the following iz immediate.

Proposition 4. & sigpal x i3 neutral if and only if for every B

and &7
(2.7) Fix|9) = £({x[0") .
3. Applications: Securities Markets

The first exawple is a simple model of a securities market in which
the public announcenent of good news about the future returng on & securirty

cauges its price to risae.
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Let there be two securities: a riskless security for which the
return will be 1 and a risky security with the random return 8. All in-
vastors are assumed to be identical with concave, differeptiable utility
funerions U for wealth. Investors are endowed with one unit each of the
risky and riskless securities. Clearly, no trading takes place, so
setting the price of the riskless security to be one, the price, p, of the
rigky security can be computed from the ctypical investor's first order

condition:

. C U (148} )

E{U' (148)]

Let g{+) dencte the demsity (or mass function) for #, and define

another density g’ by
g'(0) = g{e)U" (1+8)/E[U' (1+6)] .

Letting E' denote expectations under the prinmed density, the price can ba

expressed as:
v = E'[9] .

Hew suppose that some news x is publicly revealed. Then reasoning
as before and applying Bayes Theorenm leads to the following expressions

for a new market clearing price, p(x):

£(8 G'(148) | %]
E[0' (148} |x]

It

plx)

= E'[E[x] .

I is plain from the second expression that moze favorable news leads to
a higher price for the risky security, and pood news (i.e., news which is

wore favorable than sneutral news) results in pi{x) > p.



4. Application: Moral Hazard

In Holmstrdm's [1979]) treatment of the principal/agent problen,

the agent expends effort & to influence the profit of a venture. Let 1
denote the profit and Iet a denote the randowm state of mature. Realized
profits depend om both 9 and a: T = w{%,8). It is assurmed that 37/39 is
positive, so that effort always improves profits. However, the agent dis-
likes expending effort; his payoff U(x) - V{8) is an increasing function
of his wealth x and a decreasing funetion of effort 6: U' = O and ¥' > 0.
In addicien, the agent is risk averse: U" « 0. The principal has utility
for wealch only. His payoff is denoted by G{x), where G' » 0 and G" £ 0.

4 fee schedule or sharing-rule =(*} is a function that specifies the

agent's compensation for each possible profit level of the venture. No-
tice that s depends only on w because the variables € and G cannot be
observed by che principal.

It is, of course, the fact that § and ¢ are uncbservable that ieads
to the moral hazard problem. 1L, for exanple, the principal were risk-
neutral (i.e., G" = 0) and & were observable, then any Pareto optimal
sharing rule would involwve the agent receiving a fixed fee for undertaking
a specified level of effort, and the principal would bear all risks
{Spence and Zeckhauser, [1971]}. Since & is assumed not to be observable,
however, a contract based on a specified level of effort is not enforce-
able, and the agent swmst be zgiven sone incentive to expend effort.

In this setting, it might seem ressonable that the sharing rule
should be increasing, since a rule with some decreasing segments is bad

from a risk-sharing point of view, and appsars to reduce the agent's
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effort Incentive. As the following example shows, this appearance is
wisleading.

Let P{a = 0} = P{a = 1} = .5, let & = [0, .9], and let & = & + 8,
Then 8§ can be perfectly inferred from any realization 7, If the principal
is risk-meutral and the apgent is risk-averse, then the agent's compensa—
tion in the optimal contract will depend only on 9. Thus, the agent's
share when 7 = 1.0 can quite sensibly be émaller than hig share when w =
0. 1.

A vlausible awodel in which the sharing rule is increasing results
if ome assumes that v has the MLEF ag information about 6. To formwalize
this, Ilet f(n|8} denote the conditional distribution of output given ef-
fort. Assume that f is differentiable and let fﬁ denote 3£/38. Hoelastrdn
" showed that the gptimal sharing rule must satisfy the following relation-
ship for some ﬁ*, b, and = {c > D).

G'(z-s{T)) _ b+ ¢ EB("EB*}

U (s(m)) O
From the concavity of U and G, it is aprarent that £ dis increasing in = if
fa[njﬁ*}ff{wiﬁ*) iz ipcreasing in v. This latter condition is a local

charactrerization of the monotone likelihood ratio property.

Proposition 5. The family {f(v|8)! has the MLRP if and only if for

BVEery E*,fa{njﬁ*)ff(w|8*} is ipcreasing.

Proof. Notice that feff = 31nf/30. It follows that for any 8" and
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£(7]0 ¥ E(n}™) = expl- | [fe{ﬁjﬁ}fffxle}]d&} .
et

The conclusion follows easily.

Q.E.D.

5. Application: The Persuasion Game

The twe previocus examples display routine application= ¢f the
monotone likelihood ratie property to well-known models. This powerful
nodeling tool c¢an also be used to lend tractabilicy to a whole ranpge of
new probleos.

The moedel considered in this section is a sinple version of what

I ¢5ll a persuasion gasle, in which one or more interested parties provide

information to a deciszion maker in an actempt to Influence his deciszion.
This game can be uwsed to model regulatory decisicons, courtroom battles,
and sales encounters. The kinds of guestions that these games help to
answer are: How éeffectively does an adversary systen provide usefonl in-
formaticn to decision makers? Khen should a buyer rely on a salesman,
and when should he incur costs to gather his own informatien?

Let us consider a simple sales encounter. The buyer's pavoff de-
pends on his estimate of the quality é of the commodity being zold.

Specifiecaliy, if the buver purchases z units at price p, his payeff is
EF(z) - pz

where T is bounded, increasing, concave, and differentiable.

- ar

Let the salesman have N pieces of data about his produck, xl,...,xﬁ.
By
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The salesmsn may report or conceal the value of any of these varia-
bles, but ha cannot wisreport them. Such a feature might arise if the
information is verifiable by a product demgnstration, or if there are
truth-in-advertising laws. The buyer, after hearing the report, must
select z. The choice he zakes may depend on how much information the
seller conceals. To complete the specification of this model as a
gaze, let the salesman's pavoff be his "commission', uz.

A reporting strategy for the salesman in this game is a function r
mapping points in EF (representing possible data points} into the set of
possible reports A. Iow, let g} denote the purchase guantity z that
maxinizes E[EF(Z) - pz[;=x], l.e., g(x) is the quantity the buver would

gurchase if he learned that ==x. We shall say that r is a strategy of

full diselogure if: r{x) = v{x") =» g{x) = g{x"}. Thus, a reportiug

strategy is one of full disclosure if it withholds omly inessential in-
formation. A buying strategy b is a funetion fromdA to R, i.e., it
saps pessible reports dinte purchase decisions.

We shall study the perfect ¥ash equilibria of the persuasion game.
The concept of perfectness, defined by Selten [1975, 1978] for general
gace sebtings, serves in this example to prevear the buyer from making
"unreasonable" chreats. Mevertheless, when the seller withholds infor-
mation, the poszibility that bad news is being withheld is not lost on
the buyer.

o 5 et .
Proposition 6. In every perfect equilibrium of the persuasioun

gane degeribed above, the salesman uses a strategy of full disclosure.
Proof: Let r be the salesman's reporting strategy. Then, corres-—
ponding to any report r”, tha buyer's best quantity choice is b{r®) =

F'_l{pr[5|r{§} = r*]), and so this is his quantity choice ac equilibripn.
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1f there is some x such that r(x) = r* and E[8]x=x] > E[#|r(%) = r%],

then the seller could increase his sales by reporting fully when % = x.

B0, in equilibrium, if r{x) = r#*, then E[§|%=x] = Eiair(i} r%]. Buc

it is am identity of probability theory that E[E[é[%]]r(i} TR] = E[é|r{;} = *],
so the inequality established above must be an equality. 3.E.D.

The argument offered above depends, in an eszential way, on the as-
sumptions that the buyer knews N, se that he can discern vhen information
ic being withheld, and that ¥ 4is not "too large™, so that the buyer can
aspimilate all of the information. It alse assumes that it is costless
for the saleswan to transmic information. When any of these assumptions
fail, the znalysis becores more complicated, and the monotone likeli-
hood ratio properey becomes a useful nodeling tool.

Supposze, for exazple, thar X sy %, are {conditional on g) indepen—

1? N
dent and drawn from a common distribution F{-|§) where the correspvonding
familty of densities has tha MLRP. Suppose that W is coomon knowledge,

but the buyer can assimilate only k < X pieces of data.

Proposition 7. The persuasion game described above has a perfect

gquilibrium in which the salesman always reports the k most favorable
pleces of data.

Proof: Let the buyer's strategy be as follaws. When k pieces of

-

data x Sey ¥oare raporked with x, » ... 2 X estimate 3 by

1’ 1
- - - - I_.l
g = E[e|xl = xl:r ooy x-k = xkj xk+1 f_ Kks ORI :‘:N_f_ xk] and ]JLI}’ F {pf"E}

units. Wnen the report is (xl, ceea xj] for 3 < k, "assume the worst”,

Ty --u, X, = E1,

X

{ .2, i =qu"‘m:= e o= o B =
i.e., estimate 9 by e " n{6|xl Ky » . xj xj, xJ+1

and buy F'-I(pfe} units. It 1s routine to check that thiz pair of strategies

forms a perfeet equilibrium, Q.E.D.
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6. C0nclusion

This paper has been deveted to formalizing the notions of good news
and bad vews for use inm economic modeling. Three applications were studied--
a model of securities markets, a model of incentive contracts, and a model of
a sales encowunter--in which the formal ideas were successfully applied. 4n
extensive application of these ideas to a model of auctions is given by
Milgrom [1979].

411 of theze developments assume chat quality can be represented as
a one-dimensional attribute. In subsequent work, (Milgrom and Weber [19801]),
a2 gemeralization of these ideas to the case vhere guality is oultidimensional
is developed and applied ro the analysis of a very general rmodel of competi-

tive bidding.
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Footnotes

1 . . L e I
I also assume for simplicity that the densities are positive

everywhere. The preopesitions in this section are frue exactly as stated

for general measurable spaces and general density functions.

2 . . . . : Lo
A4 distribution is depenerate if it agsigns probability one to a

gingle point v, and non-degenerate otherwise,

3A diseribution Gl dominates GZ in this sense if for every 9§,
GIEE} £ Gz{ﬂ}, with strict inequality for some value of 9. An equivalent

statemeni ig that for every inereasing function U,

f ueydc () > f u(B)as,(e) .

&
Une could also define "more favorable tham" by using second or-
der stochastic deminance. A distribution Gl dominates G2 ia thisz zense

if for every increasing econcave funetion U,

f vdG, > f vde, .

When { has two point support, these conceptsz of deminance are identiecal;

so {2.2} iz necessary to conclude that x i$ wore favorable than y in

either sense. As Proposition ) shows, it is also sufficient.

SA result very like this one was proved by Grossman and Harc (1980)

in a study of security disclosure laws.
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