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Abstract

Standard models of adverse selection in insurance markets assume policyholders know their loss distributions.
This study examines the nature of equilibrium and the equilibrium value of information in competitive insurance
markets where consumers lack complete information regarding their loss probabilities. We show that additional
private information is privately and socially valuable. When the equilibrium policies separate types, policyholders
can deduce the underlying probabilities from the contracts, so it is information on risk type, rather than loss
probability per se, that is valuable. We show that the equilibrium is “as if”” policyholders were endowed with
complete knowledge if, and only if, information is noiseless and costless. If information is noisy, the equilibrium
depends on policyholders’ prior beliefs and the amount of noise in the information they acquire.
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1. Introduction

Itis well recognized that the Pareto optimal allocations normally associated with competitive
markets may not be reached whenever incomplete or asymmetric information regarding
product quality or riskiness exists (e.g., Arrow [1963], Akerlof [1970]). In insurance
markets, consumers are usually assumed to know their own loss distribution, while insurers
generally do not possess information regarding the loss distributions of particular insureds.
The problem resulting from this information asymmetry is known as adverse selection.
The standard solution to adverse selection problems in insurance markets is to employ a
self-selection mechanism. The insurer establishes a menu of contracts, each specifying
a level of coverage at a particular price, and each designed to appeal to a particular risk
type. Consumers reveal their risk characteristics by self-selecting a particular price-quantity
policy. A complete characterization of competitive equilibrium depends on whether the
contracts offered must break even individually or jointly (see Rothschild and Stiglitz [1976],
Wilson [1977], Miyazaki [1977], and Spence [1978]).

An important assumption in adverse-selection models is that each individual is exoge-
nously endowed with full knowledge of his or her loss distribution. This assumption may
be reasonable for certain insurance markets, such as the smoker versus nonsmoker classifi-
cation in life insurance. Even there, smokers may only know that their risk is increased but
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may not know the risk precisely. The assumption that individuals know their loss distri-
butions may be less representative of other markets (such as automobile insurance, where
all drivers may believe themselves to be above average). In such markets insurers may
have better information regarding loss distributions than policyholders'. In such markets
it is reasonable to ask how consumers’ perceptions of the risks they face affect the market
equilibrium.

Recent research has begun to explore the question of market equilibrium and the value of
information when individuals are not endowed with complete knowledge of their risk char-
acteristics. Kleindorfer and Kunreuther [ 1983] assume that each consumer knows his or her
risk type but misestimates the true loss probability. Doherty and Schlesinger [1995] assume
each individual knows his or her risk type and probability of loss but allow the loss amount
to be randomly perturbed or noisy. Both of these papers are concerned with how consumers’
risk perceptions affect the existence and form of equilibrium and take each consumer’s in-
formation set as given and unalterable. Crocker and Snow [1992] and Doherty and Thistle
[1996] analyze insurance markets where consumers initially know only the population loss
probabilities and type distribution but can acquire additional information about their own
risk characteristics. Crocker and Snow show that, if insurers can observe policyholders’
informational (informed/uninformed) status and policyholders have no prior information,
then the Pareto optimal policies involve no signaling. This implies that the private value
of information to policyholders is negative. If policyholders have some prior information,
then additional information has positive or negative value depending on whether or not the
benefits of improved screening outweigh the costs of increased signaling. Doherty and
Thistle assume that consumers’ informational status is private information and show that,
whether or not there is prior information, additional private information on risk type has
nonnegative value to consumers.

This article extends prior research regarding the implications of consumers’ information
for insurance markets. As in Kleindorfer and Kunreuther, we assume a consumer may
misestimate his or her objective loss probability. In addition, we assume a consumer does
not necessarily know his or her individual risk type. As in Doherty and Thistle, we focus on
the value of information to consumers and consumers’ incentives to learn their risk types
and/or loss probabilities, although our results also have implications for the social value
of information. Doherty and Thistle analyze the value of information to policyholders in
competitive insurance markets assuming Nash equilibrium. We show that Doherty and
Thistle’s main result—that if informational status is unobservable, then information has
nonnegative value to consumers—is quite robust. We show that this result holds for both
noiseless and noisy information and does not depend on either the market structure or
equilibrium concept.

We then consider the relationship between consumers’ information and insurance mar-
ket equilibria. While we emphasize the Nash and Miyazaki-Spence (MS) equilibria, we
also discuss Wilson’s [1977] anticipatory equilibrium, Riley’s [1979, 1985] reactive equi-
librium, and monopoly equilibrium. This allows us to consider when the equilibria are
“as if”” consumers were endowed with complete knowledge of their loss probabilities, or,
in Doherty and Thistles’ terminology, when the equilibrium is “fully informationally pro-
ductive”. We show that consumers can extract the loss probabilities from a separating
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equilibrium. This implies that it is information on risk type, rather than loss probabil-
ity per se, that is valuable. An equilibrium is fully informationally productive if, and
only if, it is a separating equilibrium, the information structure noiselessly reveals risk
type, and the information structure is costless. If the information available to consumers
is noisy (that is, consumers may receive an incorrect signal of their risk type), we show
that an informationally productive MS equilibrium always exists; the equilibrium contracts
depend on individuals’ prior beliefs and the amount of noise in the information they ac-
quire.

In Section 2 we analyze the decision problem of an individual consumer. In Sections 3
and 4 we analyze markets with multiple objective risk classes. The model is the standard
two-risk-class model of adverse selection in insurance markets. Section 3 examines the
case of perfectly informative or noiseless signals. Section 4 considers the case where the
signal that consumers observe does not perfectly reveal their risk class or is noisy. Section 5
concludes the paper. We show in an appendix that the results regarding signal extraction
apply to an arbitrary n risk-class environment whether the insurance market is monopolistic
or competitive.

2. Optimal insurance purchases with unknown loss probabilities

In this section we analyze the optimal insurance decision of a consumer who is not endowed
with knowledge of his or her risk type. Throughout the article we assume consumers are
expected utility maximizers. All consumers have initial nonstochastic wealth w and the
increasing, concave von Neumann-Morgenstern utility function u(-). Each consumer faces
a possible loss x(0 < x < w), which occurs with probability 7. We assume T and x are
fixed, so that there is no normal hazard.

An insurance contract or policy ¢ consists of a premium and a level of coverage: ¢ =
(P, q). A consumer is assumed to choose the policy that maximizes expected utility, given
his or her assessment of the probability of incurring a loss. Expected utility for a consumer
with policy ¢ and subjective loss probability w is

v(e, w) = (I —w)u(w - p) +ou(w —p—x+gq). (D

We assume that each consumer knows the probability of loss belongs to a set 2 C [0, 1]
but does not know his or her particular loss probability 7. The consumer has a continuous
prior density over possible loss probabilities 7 (w). An information structure & consists
of a space of signals ¥ and a function ¢ : @ — Y. If the signal y is observed, then the
individual’s loss probability is in 2(y) = ¢~*(y) € Q. The prior probability of receiving
thesignal yis [1(y) = fQ( ) 7 (w) dw. The consumer’s posterior beliefs, 7 (w | y), regarding
the loss probability are a Bayesian revision of the prior

(@) w e Q(y)
A~ T~ y
Jagy T(@) di> )

7(w]|y)=0 w & Q(y).

w(w|y) =
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We assume that the priors are strictly positive on 2. This implies that [1(y) > 0,Vy € Y,
so that every signal is regarded as possible. This in turn implies that the posterior beliefs
7 (w | y) are well defined for all loss probabilities and all signals. That is, we assume that the
individual can always interpret the signal, and, if the information structure is informative,
the signal changes beliefs.

An information structure induces a partition {¢~'(y), y € ¥} of Q and can in fact be iden-
tified with the partition. For the completely uninformative information structure ¢~ (y) =
Q,VyeY. One information structure ®; is “more informative” than @y if it induces a
finer partition of €. Following Doherty and Thistle [1996], we will say that an equilibrium
is informationally productive if the equilibrium policies reflect more information than the
completely uninformative information structure. An equilibrium is fully informationally
productive if the equilibrium contracts reflect the most informative information structure in
the economy. We assume that consumers have an all-or-nothing choice between remaining
uninformed and acquiring the information structure and will choose to acquire an infor-
mation structure if it has nonnegative net value—that is, if it increases ex ante expected
utility.

Under the initial completely uninformative information structure, the consumer’s maxi-
mization problem is defined by

max/ vic, w)w(w)dw. 3)
¢ Jo

If a signal y is observed, then the policyholder’s problem becomes

max[ vic, o) (w]y)dow. “4)
¢ Ja

Since expected utility is linear in the probability of loss, this is equivalent to maximizing
expected utility with the probability of loss equal to E(w | y). The ex ante expected utility
of the information structure ® is

v@) = [ {maxote E@Im|noay, )
Y c

where I1(y) is the prior probability that w € €2(y)—thatis, the prior probability of receiving
the signal y.

Insurers offer any level of coverage less than or equal to x at a premium that offers
nonnegative expected profits:

p>Tq, q<x. (6)

Insurance is supplied in a competitive market by risk-neutral, expected-profit-maximizing
firms who are assumed to know T'. This implies that, in equilibrium, firms earn zero expected
profits, so that the first inequality in (6) holds as an equality.

A consumer may overestimate, correctly estimate, or underestimate the loss probability
T. Consider the preferred contract choices of the three types of consumers, taking the
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information structure as fixed. Given the estimate of the loss probability, the consumer’s
problem is essentially that of buying a policy with a premium loading. Individuals who
underestimate the probability of loss view an objectively actuarially fair policy as having
a positive loading, while individuals who overestimate the loss probability view the policy
as having a negative loading. The comparative statics of the consumer’s problem here are
the same as for the problem of purchasing a policy with a premium loading as shown by
Mossin [1968]. Consumers who do not underestimate the loss probability (E(w) > T) will
buy full coverage, while consumers who do underestimate the loss probability (E(w) < T)
will buy less than full coverage.

One would expect that information regarding the true loss probability would be valuable
to the consumer. The value of information depends on how well consumers understand the
insurance market—particularly, how well they understand the importance of competition.

Proposition1:  (a) If the consumer does not know that the market is competitive, additional
information on the probability of loss has nonnegative value. (b) If the consumer knows
the market is competitive, the value of information on the probability of loss is zero.

Proof.  (a) Letting ®¢ be the consumer’s initial information set, then &, represents ad-
ditional information if it induces a finer partition of 2 than ®y. Then, as shown in, for
example, Laffont ([1989], p. 59), V(®;) > V(®;). (b) The terms of the policy to be
purchased are observable, so that if the consumer knows that policies are actuarially fairly
priced, then E{w} = p/q = T and V(®,) = V(dy). O

The first result essentially follows from the fact that the consumer can better adapt his
actions with additional information. The second part of the proposition points out that
the loss probability can be computed from the terms of the policy. Since information has
nonnegative value, consumers will choose to learn the probability of loss if they can do so
costlessly. Both results can be strengthened somewhat. First, suppose that the consumer
overestimates the loss probability E{w} > T and is therefore constrained to the objectively
actuarially fair policy ¢* = (T'x,x). At this policy, v(c*, w) = u(w — Tx), which is
independent of the subjective loss probability; consequently, the value of information is
zero. Second, suppose that the consumer does not know that the market is competitive but
does know that policies will not be sold at an expected loss. Then, observing the terms of
the policy, E{w} < T; a consumer will not overestimate the loss probability and, when the
inequality is strict, will regard less than full coverage as optimal. In the case, the information
on the loss probability leads the individual to increase coverage and has positive value.

3. Risk perceptions with multiple-risk classes

The presence of more than one risk class (that is, more than one true loss probability) com-
plicates the analysis. In particular, it becomes important to distinguish between knowledge
of the risk class and knowledge regarding the probability of loss. A consumer may know

that he or she is, say, a high-risk individual without knowing the probability of loss for the
class.
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We assume the same market characteristics as in the preceding section with the exception
that an individual may now have a true loss probability equal to either Ty or T, where
Ty > Tp. We assume there are Ny and N, individuals of type H and L, respectively.
An individual may continue to have a subjective estimate of his or her loss probability
that may differ from the true probability. We assume there are ny individuals with prior
7 (w), who estimate the loss probability as sy = Ep{ew} = f wny(w)dw. There are
also ny, individuals with prior 77 (@), who estimate the loss probability as s;, = Ej{w} =
[ o (w)dw, where s, < sy. We assume that priors are strictly positive on Q2 and that
T; < sy and Ty > s;. We refer to individuals with the prior g (w) (7w (w)) as subjective
type Hs (subjective type Ls). We let n;; be the number of subjective type i policyholders
who are in fact of type j. We assume that consumers’ priors tend to be correct in the sense
thatn;; > n;;; this assumption insures that the subjective loss probability of the high- (low-)
risk group is greater (less) than the overall population loss probability?.

We assume that the number of subjective and objective high- and low-risk individuals
is common knowledge®. We also assume that the priors 7y (w) and 7z (w) are common
knowledge. An individual’s subjective risk type is private information. We assume that
insurers know the objective loss probabilities Ty and 7. In contrast to standard adverse-
selection models, we assume that an individual does not know his or her objective risk type
or objective loss probability*.

An information structure reveals the individual’s type if there are signals yy, yr. such that
Ty € Qu =9 Yyg)and Ty € Q1 = ¢~ ' (y) and @ € Qp, ©' € Q. implies w > o'.
That is, €2 is partitioned as {Qp, Q1,, Qo} Where $o may be empty or may be further parti-
tioned; the existence of the set 2 allows us to consider cases where {Q, €21} do not cover
Q. If an information structure reveals the individual’s risk type, the policyholder revises
his or her prior 7r; (@) to the posterior 7;(w | y) according to Bayes rule. An information
structure can reveal the individual’s type without revealing the individual’s probability of
loss. An information structure reveals the individual’s probability of loss if there are signals
yu, yr such that p~1(yg) = {Ty} and ¢! (y,) = {T.}. If an information structure reveals
the individual’s probability of loss, then the posterior is ; (T} | y;) = 1,4, j = H, L. Ob-
viously, if an information structure reveals the individual’s loss probability, then it reveals
his or her type®.

We need to consider the incentive of a consumer to learn his or her risk type and/or loss
probability. We assume that consumers’ informational (informed/uninformed) status is not
observed by insurers. This implies that the insurer must offer the same set of contracts to all
individuals; the contracts cannot depend on individual’s informational status. If a consumer
becomes informed, then his or her risk type and/or loss probability are private information.

At any market outcome that solves the adverse-selection problem, the self-selection
constraints must hold

vicu, su) = vicr, sy) )

v(er, s.) = v(cy, sL)- 3

The self-selection constraints can create incentives for a policyholder to learn his or her risk
type.



CONSUMER RISK PERCEPTIONS 197

Proposition 2: For any fixed set of contracts {cy, cL} such that the self-selection con-
straints hold, the value of information regarding risk type is nonnegative.

Proof. Let ®q be the initial, uninformative information structure and ®; an informa-
tion structure that reveals the individual’s risk type. Let s}; be the loss probability for
which (7) is binding—that is, v(cy, s};) = v(cy,sy). Fori = H, L, define Y;y by
y € Yigiff Ei{w |y} > s}, and define ¥; by y € Y; iff E;{w | y} < s};. The self-selection
constraints imply that if y € ¥;5 the policyholder will choose cy, while if y € Y; the
policyholder will choose c¢y. Let I1;y = mei o i (w)dw be the prior probability that
y € Y;p and II;;, the prior probability that y € Yir. Let sizg = Eilw|y € Y;x} and
sit = Ei{w|y € Y;.} be the respective mean posterior estimates of the loss probability.
Observe that

Bifo) = B(Efo1y) = | [ om@Innio)dody
so that
si = ipsip + Tipsic. )
For a policyholder with prior 7;(w), the ex ante change in expected utility is

I; = Vi(®1) — Vi(Po) (10
= /Ymax{v(cfz, Ei{w|y}), vicr, Ei{w | yDHT;(y) dy — v(ci, s1)

=/Y v(cH,Ei{wa})H(y)dH/ v(cr, Edw | yDTI(y) dy — v(cs, i)
i YiL
= ;g v(cy, sig) + g vicr, i) —v(c, ), i=H,L.

Upon adding and subtracting IT;;v(c;, s;;), rearranging, and substituting for H and L, one
obtains

I; = {TLiv(ei, si) + Hiule, sij) — vic, s} + Oylv(ey, si5) — vic, si;)]. (1D

The term in braces vanishes, using (9) and the fact that expected utility is linear in proba-
bilities. Then

I; = T;[v(c;, sij) = v(ci, sij)l (12)

Since priors are strictly positive on €2, Y;; is nonempty, so that I;; > 0. For any y € Y;;,
the posterior estimate of the loss probability is such that the contract ¢; is preferred—that
is, v(cj, Ei{w|y € Y;}) —v(c;, Ei{fw|y € Yi;}) = 0. Since s;; = Ei{w|y € Y}, it
follows that the term in brackets in nonnegative and therefore I; > 0. O
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Proposition 2 states that the value of information is nonnegative. From (12), the value of
information to both subjective high- and low-risk individuals depends on the set of contracts
{cu, c}. By further specifying the contracts, the result can be made somewhat sharper:

Corollary 1:  (a) If cy = ¢y, then Iy = I, = 0. Suppose cy # ci. (b) If sy > 55 and
SHL < Sy, then Iy > 0, while if sy, = sy, then Iy = 0. (¢) If s, < s}, and sy > 5§,
then Iy, > 0, while if s,y = s}, then I, = 0.

Proof. (a) Immediate from (12). (b) If sy > s} and sy; < s}, then the individual’s
contract choice given the posterior is different than the contract choice given the prior, (7)
implies that v(cy, Sir) > v(cy, syL), and from (12), Iy > 0. If sy, = 5%, then (7) implies
that v(cr, Syr) = v(cu, Sur), and from (12), Iy = 0. (¢) If s; < s}; and sz > s}, then
the individual’s contract choice given the posterior is different than the contract choice
given the prior, (7) implies that v(cy, s ) > v(cg, Spg), and from (12), Iy > 0. If
SLu = Sy, then (7) implies that v(cr, spu) = v(cy, SLu), and from (12), I, = 0. O

We should point out that Proposition 2 does not assume any particular market structure
or equilibrium concept. The key assumption in Proposition 2 is that the set of policies is
fixed. The set of contracts may be fixed, for example, due to regulation or due to insurers’
inability to observe whether policyholders are informed or uninformed. The self-selection
constraints, (7) and (8), determine which policy is preferred by an individual. The self-
selection constraints imply that the policy cy is preferred by those with high estimated loss
probabilities (no less than s7;), while the policy ¢y is preferred by those with low estimated
loss probabilities (strictly less than s3;). This implies that an informed individual can choose
the policy better suited to his or her true objective loss probability.

The self-selection constraints hold at the Nash, Miyazaki-Spence (MS), anticipatory,
reactive, and monopoly equilibria®. The Nash equilibrium contracts can be characterized
as maximizing the expected utility of the lowest (subjective) risk class, subject to the self-
selection constraints and the requirement that each policy earn zero expected profit. The MS
equilibrium contracts can be characterized as the solution to the same problem, except that
the set of contracts is required to earn zero expected profit jointly rather than individually.
Thus, the MS contracts allow cross-subsidization, while the Nash contracts do not. If the
MS contracts have zero cross-subsidy, then they are identical to the Nash contracts. An
analytical advantage of the MS contracts is that they always exist. Existence of the Nash
contracts requires the Rothschild-Stiglitz condition. '

Rothschild-Stiglitz Condition: Let T4 be the average objective loss probability for the
two risk classes. Let ¢ be any contract that has nonnegative expected profit on the pool—that
is, p > Taq. Then v(cy, s) = v(c, sL).

Graphically, the Rothschild-Stiglitz condition implies that the pooled fair odds line does
not intersect the low-risk group’s indifference curve through the low-risk contract. If
the Rothschild-Stiglitz condition holds, then the Nash contracts exist. The anticipatory
equilibrium contracts are the Nash contracts if they exist; otherwise the equilibrium contract
is the contract on the pooled fair odds line most preferred by the low risks. The reactive
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equilibrium contracts are the efficient separating contracts, each earning zero expected
profit’. Proposition 2 applies to all of these equilibria and implies that all policyholders
will choose to become informed about their risk types if the information is costless.

Since information is endogenous, the equilibrium conditions must be extended to include
the informational decisions. We refer to these as informational equilibria. Informational
equilibrium requires that policyholders make the expected utility-maximizing decision re-
garding whether to become informed, given the contracts available. Equilibrium also
requires that insurers’ expectations regarding consumers’ informational decisions are ful-
filled. An important question is whether these informational equilibria are informationally
productive. Proposition 2 implies that, if insurers expect consumers to remain uninformed
and offer contracts based on policyholders’ priors, then policyholders will become informed,
and insurers’ expectations will not be fulfilled. Then either the contracts will not earn zero
expected profit, or at least some policyholders’ expected utility can be increased. Thus, the
contract set based on policyholders’ priors is not an equilibrium contract set.

Proposition 2 further implies that, if insurers expect policyholders to become informed
and offer contracts based on policyholders’ posteriors, then their expectations will be ful-
filled. The equilibrium contract set will be based on policyholders’ posterior estimates
of their loss probabilities. Since the information structure is noiseless, there are two risk
classes if consumers learn their risk types. This has important implications for the pricing of
insurance policies. If the contracts separate types and satisfy the self-selection constraints,
then cy will be bought only by objective type Hs, and ¢, will be bought only by objective
type Ls. If policyholders understand that policies earn zero expected profit, they can then
deduce their loss probabilities. Under these conditions an information structure that reveals
the actual probability of loss has no marginal value beyond an information structure that
reveals type.

To see this let C* = {c};, 7 } be the equilibrium policies for fully informed policyholders;
these may be Nash, anticipatory, reactive, or MS equilibrium policies. E;{w ]y, C} is the
subjective estimate of the loss probability given the signal and the observed set of policies
C. Suppose that @1, an information structure that reveals loss type, but not the probability
of loss, is costlessly available. Let ®* be a costless information structure that reveals the
probability of loss.

Proposition 3:  [f C* is a separating equilibrium (c}; # ¢y ), the (a) the informational
equilibrium contract set is C*, (b) Ei{w|y € Yy, C*} = Ty and E;{w|y € Yi;, C*}) =
Ty,i=H,L,and(c) V;(®*) — Vi(®) =0,i =H, L.

Proof.  As previously discussed, Proposition 2 implies the equilibrium contract set cannot
be based on policyholders’ priors. Now suppose insurers offer C*. Proposition 2 also
implies that policyholders will learn their risk types, consistent with insurers’ expectations.
Then c7 is bought only by objective type Hs, and ¢} is bought only by objective type Ls.
At the Nash, reactive, and separating anticipatory equilibrium policies, each risk type

yields zero expected profit, so 7; = p;/g;. For the MS equilibrium, the zero expected profit
constraint is

Nu(puw — Tuqnu) + NL(pL — Trqr) = 0. (13)
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The self-selection constraint (7) is binding at the MS equilibrium. Since type Hs receive
full insurance, this self-selection constraint can be written as

A=Ty)u(w—pr)+Tugu(w—pr—x—qr) =u(w—py), or Tya=p4, (14)

whereow = u(w—pp)—u(w—pr—x—qr)and 8 = u(w—pr)—u(w— py). Solving (13)
and (14) yields Ty = B/a and Ty = [Ny(py — (B/®)quy) + NLprl/Nrqr. Since the loss
probabilities can be deduced from the terms of the policies, E;{w|y;, C*} =T}, fori, j =
H, L. Since the loss probabilities are known, V;(®*) — V;(P;) = 0. O

Equilibrium in the case of perfectly informative signals involves rational expectations
on the part of both insurers and consumers. The fixed set of policies and self-selection
constraints create an incentive for policyholders to become informed. At the separating
equilibrium C*, policyholders with prior 7y have a strictly positive value of information.
Since the self-selection constraint is binding, the value of information is zero for policy-
holders with prior 7, 8. Insurers deduce the policyholders will become informed and offer
the corresponding set of contracts. The constraints and the structure of the equilibrium
contracts is such that policyholders can deduce the objective loss probabilities. (We show
in the appendix that this is true for an arbitrary number of risk classes.) The resulting
equilibrium is “as if” policyholders were initially endowed with knowledge of their loss
probabilities. Hence, if a perfectly informative information structure is available, one can
endogenously derive the usual assumption that policyholders know their true loss probabil-
ities. Put differently, the equilibrium is fully informationally productive.

However, this is not true if the full information anticipatory or MS equilibrium C* is a
pooling equilibrium. In either case, ¢}, = ¢ = (aTax, ax), where 0 < o < 1 at the
anticipatory equilibrium and « = 1 at the MS equilibrium.

Corollary 2: If C* is a pooling equilibrium (¢}, = c}) and the information structure,
&1, noiselessly reveals type but not the loss probability, then, in general, (a) C* is not an
informational equilibrium contract set and (b) E;{w|y € Yi;, C*} # T;,i, j = H, L.

Proof. Again, Proposition 2 implies the equilibrium contract set cannot be based on poli-
cyholders’ priors, and that, consistent with insurers’ expectations, policyholders will learn
their risk type at C*. However, (7), hence (14), holds identically for all values of 7. Given
the signal and the observed contracts, the posterior subjective loss estimates must satisfy

NyEi{w|y € Yig, C*}+ N E{w|y € Yir, C*} = p/q. (15)

While these estimates are consistent with the pooling equilibrium at C*, they need not equal

(TH ) TL)
The policy ¢} provides coverage ax at the premium a7 x. Consider the policy obtained
by reducing the premium for ¢} by & and reducing coverage by yox—that is, ¢j* =

(T4x — 8, (1 — y)ax). Then, for the set of contracts {c};, c7*}, expected profit is

Ny (@Tax — Tyax) + Np(@Tax — 8 — To(1 — y)ax) = Nya[—8 + Tryx], (16)
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which is nonnegative if 0 < § < Tpyx. Suppose that low risk policyholders underestimate
their loss probabilities. Then (in (p, g)-space) the line through ¢} with slope 7}, cuts the
low risk-indifference curve through c} to the left of ¢} ?. Then we can find values of &
and y such that low risks strictly prefer c;* to ¢} . Since the high risk-indifference curve
through ¢7 (= c};) is steeper than 77, high risks strictly prefer ¢, to c;*. The set of contracts
{cGp c7"} satisfies the self-selection constraints and earns strictly positive expected profit.
Thus, C* cannot be an informational equilibrium contract set. O

The full information contracts C* are subject to the self-selection and breakeven con-
straints, based on the objective loss probabilities. If C* is a separating set of contracts, then
policyholders can deduce the objective loss probabilities, and subjective and objective loss
probabilities are the same. If C* is a pooling set of contracts, then policyholders can no
longer deduce the loss probabilities from the contracts, and, given an information structure
that reveals type only, the subjective estimates of the loss probabilities will generally differ
from objective probabilities. If low risks underestimate 77, then they perceive that their
expected utility is maximized at a lower premium and coverage than ¢} . Then the difference
between the subjective and objective loss probabilities can profitably be exploited, breaking
the pooling equilibrium. This is not true if high risks underestimate their loss probability;
in this case C™* is an informational anticipatory or MS equilibrium. We should point out
that, if it exists, individuals choose to become informed at a pooling equilibrium, so that
pooling equilibria are informationally productive, but not fully informationally productive.

We have assumed that individuals have partial prior information. We should point out
that Propositions 2 and 3 do not depend on this assumption. If individuals have no prior
information, then prior densities are the same, 7y = 7. Then the value of information is
strictly positive if all individuals underestimate Ty, (E{w} > Ty); otherwise the value of
information is zero.

4. Imperfectly informative signals

"The assumptions that policyholders have access to perfect information or access to no infor-
mation on their own risk characteristics seem equally unrealistic. A reasonable alternative
is that policyholders may have access to “noisy” information; that is, there is a positive
probability that they will receive the “wrong” signal. While it is still true that noisy infor-
mation is valuable to policyholders, the market equilibrium is markedly different from the
noiseless case.

An information structure with noise can be characterized by the conditional density of the
signals, f(y | ). This gives the probability of the signal, conditional on the true probability
of loss!®. Then, if the prior is 7 (), the posterior density of the loss probability, given the
signal y is received, is

oo
e = @) de an

As before, a completely uninformed policyholder faces the decision problem (3), while
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observing the signal y leads to the decision problem (4); the ex ante expected utility of a
noisy information structure is again given by (5).

In a market where all consumers have the same probability of loss, the analog of Propo-
sition 1 holds for the noisy information case for essentially the same reasons. If consumers
know that the market is competitive, the loss probability can be computed from the terms
of the policy, and additional information has no value. If consumers do not know that the
market is competitive, then additional noisy information is valuable since the consumer can
make a better choice regarding his or her policy purchase.

When there are multiple risk classes and information structures are noisy, the concept
of an information structure that reveals the individual’s risk type or probability of loss
is not well defined. In general, noisy information structures lead to a posterior density
that may put positive probability on all possible values of the loss probability. Still, given
reasonable assumptions regarding the state and signal space and unobservable informational
status, a noisy information structure has positive value to policyholders and an informational
equilibrium exists.

In order to demonstrate the value of information and the existence of equilibrium, we
make some simplifying assumptions on the economic environment. We assume that the
“state space” is Q = {Ty, Tr} and the signal space is ¥ = {yy, yr}. An information
structure is then characterized by p, the probability that the signal correctly indicates the
consumer’s loss probability; we assume 1/2 < p < 1. The case p = 1/2 corresponds
to an uninformative structure; correct and incorrect signals are equally likely. The case
p = 1 corresponds to an noiseless or perfectly informative structure; the signal is always
correct. Information structures with 1/2 < p < 1 correspond to noisy information, with
larger values of p representing better information. We let @, denote the information
structure with parameter p. We assume that €2, Y, and p are common knowledge.

We retain the assumption that policyholders have prior densities 77y (w) or 7. (w). For
individuals with prior density 7; () who receive signal y;, the posterior density is 7; (@ | y;),
and the posterior estimate of the loss probability is s;j = E;{w | y;}. The prior probability
of observing the signal y; is IT;;.

Provided consumers view insurers’ policy offerings as fixed, a set of contracts {c, c.}
based on policyholders’ priors cannot be a rational expectations equilibrium in the above
described economic environment.

Proposition 4:  For any fixed set of contracts {cy, cL} such that the self-selection con-
straints hold, the noisy information structure has nonnegative value.

Proof.  Policyholders with prior loss densities 7r; () observing signal y; form the expected
loss probability E;{w | y;} and will choose cg or ¢, as Ej{w | y;} is greater than or less than
s%. The former occurs with probability IT; and the later with probability IT;,. Then the
value of information is computed as in (10) to (12). O

Corollary 3: (a) Ifcy = ¢y, then Iy = I, = 0. Suppose cy # cy. ) If sy = s§, and
SHL < Sy, then Iy > 0, while if spp, = sk, then Iy = 0. (c) If sp < sy and sLw > St
then It > 0, while if s g = s3;, then I = 0.

Proof. By the same argument as Corollary 1. O
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Hence, for essentially the same reasons as when information is noiseless, insurers should
expect their policyholders to become informed and make their contract offerings accord-
ingly. The nature of equilibrium in the noisy information case is substantially different
from the equilibrium in the noiseless case.

We first consider the case where consumers have no partial prior information, so the prior
densities are the same, wy = ;. The loss probability of individuals who observe the signal
vjis ¢; = pT; + (1 — p)T;. We let C, denote the MS equilibrium contract set when the
information structure is ®,. We assume henceforth that C,, is a separating set of contracts.
It should be clear from the discussions of Propositions 2 and 3 that the critical factor is that
C, is a separating set of contracts, rather than the use of the MS equilibrium concept. As
in the case of noiseless information structures, equilibria may fail to exist if C,, is a set of
pooling contracts.

Proposition 5:  If C, is a separating set of contracts, then (a) an informational MS equi-
librium exists, and (b) E{w | y;, C,} = ¢;, j = H, L.

Proof.  Proposition 4 implies that a contract set based on policyholders’ priors cannot be
an equilibrium contract set. Consider the contract set based on policyholders’ posteriors.
The MS contract set maximizes v(cy, {1.), subject to the self-selection constraints (7) and
(8) and the zero expected profit constraint j=w.11i(Pj = ¢;q;) = 0. The existence of
a solution is proved in Spence [1978]. Proposition 4 also implies that policyholders have
an incentive to become informed at this contract set, consistent with insurers’ expectations,
The individual can solve the binding self-selection constraint and the zero profit constraint
for the £;. Since the group loss probabilities can be deduced from the terms of the policies,
Elw|y;, Cpy=¢jfor j=H, L. O

In the case of no partial prior information, the value of information is given by (12),
evaluated at the MS contract set C,,. Since the self-selection constraint (7) is binding, the
value of information is zero in equilibrium. Since individuals choose to become informed,
the equilibrium is informationally productive. The population loss probabilities, Ty and
Ty, can be derived from the ¢;. However, the equilibrium cannot be based on the T}, since,
due to the noise in the information structure, some individuals are misclassified. Thus, the
equilibrium is not fully informationally productive unless p equals one. Crocker and Snow
[1992] show that, when there is no prior partial information, the social value of additional
private information is zero and the efficient contract involves no signaling (all individuals
are pooled at (T4 x, x)). We also find that the social value of additional private information is
zero. However, Propositions 3 and 5 imply that, when informational status is unobservable,
the efficient contract typically will involve signaling.

We now turn to the case where individuals do have partial prior hidden information
(mu # mp). In this market with imperfect information, there may be up to four distinct
subjective risk types'!. Unless priors are perfectly correlated with actual risk type or the
signal is noiseless, each group will contain some true high risks and true low risks. Define
n: = ni;/n; as the proportion of policyholders with prior i who are in fact type i. The signal
Yi assigns an individual to the correct risk class with probability p. The proportion of high
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risks in each subjective probability class s;; is then

PNH

H —

B o + (= p)(1 — 1g)

(1 - p)nu

H =

B (U= pyna + p(1 = 1g) "
o pU=m) (1%)

(I=pnL+p(1—nL)
1-— 1—

b, - =P =)

oL+ (L =p)A=np)

Note that if the signal is informative (p > .5) and priors tend to be correct (n; > .5), then
Hyy > Hyp, Hog > Hpp and Hyy > Hpp. If the signal is informative (p > .5) and the
high- and low-risk priors are not identical (that is, s;; # s;;), then sy > syL, sLy > SLL,
and sy > si.. The remaining relations between proportions of high risks in the subjective
risk classes and between the posterior estimates are ambiguous and depend on the structure
and accuracy of priors and the informativeness of the signal.

If posterior means and proportions of objective high risks differ across subjective risk
classes, there are still two possible cases:

Case Subjective loss probability Proportion of high risks
1 SHH > SLH > SHL > SLL Hyy > Hry > Hyp > Hrp
2 SHH > SHL > SLH > SLL Hyy > Hyp > Hry > HpL

In either case, the contracts must satisfy the self-selection constraints:
U(Cij, Sij) Z U(Chki sij)a hv iv jv k = Hv L! (l’ J) % (hv k) (19)
This allows us to state the following proposition:

Proposition 6:  For any set of contracts {cyn, CHL, CLH, CLL} such that the self-selection
constraints (19) hold, an information structure with noise has nonnegative value.

Proof. Consider a policyholder with prior estimate of loss probability s;, and suppose
that, if uninformed, the policyholder would choose the policy cjx. The value of a noisy
information structure is

Ii = Z nijU(Cij,Sij)“‘U(chkysi)
j=H,L

={ > H,;,-v<chk,s,-,»>—v(chk,so]+ > Tylv(eij, si) — vew sip)- - (20)
J

j=H,L j=H.L
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The term in braces vanishes, using (19) and the fact that expected utility is linear in the prob-
abilities. The self-selection constraints imply that each of the terms v(c;;, si;) — v(cn, Sij)
in brackets is nonnegative. Therefore, the value of information is I; > 0. O

Again, the fact that the set of policies is fixed and the self-selection constraints create
an incentive for policyholders to become informed. As with Proposition 2, Propositions 4
and 6 do not assume any specific market environment or equilibrium concept. Also as with
Proposition 2, the value of information depends on the specific set of contracts. Consider
the MS equilibrium contracts, and suppose that the contracts are distinct. Then, for Case 1,
the value of information is strictly positive, Iy, Iy > 0'2.

We now turn to the existence of equilibrium in an insurance market when policyholders
have imperfect information. The nature of the equilibrium is different when information is
noisy since the type i contract is not purchased exclusively by objective type i policyholders.
The zero expected profit constraints then implies that the policies will not be priced at the
objective loss probabilities. It follows that Proposition 3 cannot be extended to the case of
noisy information; individuals’ objective loss probabilities cannot be “backed out” of the
policies. This implies that the equilibrium cannot be fully informationally productive. Let
C, denote the MS equilibrium contract set when the information structure is @, and let

(ij = HijTy + (1 — H;j)T, 2n

be the objective loss probability for the group of individuals with prior 7; who receive
signal y;.

Proposition 7:  If C, is a separating set of contracts, then () an informational MS equi-
librium exists, and (b) Ef{w | yj, C,} = &;j, i, j = H, L.

Proof.  Proposition 4 implies that a contract set based on policyholders’ priors cannot be
an equilibrium contract set. Consider the contract set based on policyholder’s posteriors.
Let H;; be the proportion of objective high risks with posterior s;;. The MS contract set
maximizes v(crr, {L1), subject to the self-selection constraints (19) and the zero expected
profit constraint ij nij(pij — &ijqi;) = 0. The existence of a solution is proved in Spence
[1978]. Proposition 6 implies that policyholders have an incentive to become informed at
this contract set, consistent with insurers’ expectations. The individual can solve the three
binding self-selection constraints and the zero profit constraint for the ¢; . Since only the
group loss probabilities can be deduced from the terms of the policies, E;i{w | y i» Cpl = &ij,
fori,j=H, L. O

From (18) and (21), each value of p leads to a unique value of the gij- Given the ¢;;, the
MS contract set is unique. Thus, each value of p yields a unique contract set C,.

As in the case of noiseless information, consumers can extract the loss probabilities
underlying the contracts, so we can take s; j = ij. Substituting (18) into (21), we see that,
as p increases, {rpg increases from (1 — n)Ty + 0Ty to Ty, and ¢y, decreases from
MuTy + (1 — ng)Tp to Ty, Then ¢y < gy for p sufficiently close to 1/2, so Case 2
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Figure 1. Separating equilibrium with noisy information.

holds, while {75 > ¢y, for p sufficiently close to 1, so Case 1 holds. Then there is a value,
say p’, such that Case 2 holds for p < p’ and Case 1 holds for p > p’ in equilibrium.

Figure 1 shows a four-contract equilibrium with zero cross-subsidies. Individuals with
high-risk priors who receive a high-risk signal purchase policy cyy along fair odds line
Fyy. Since syy = Cnu, type H H individuals would purchase full coverage for a policy
based on {yy. Individuals with low-risk priors who receive high-risk signals purchase
policy ¢y 5 along fair odds line F 5. Individuals with high-risk priors who receive low-risk
signals purchase policy cy; along fair odds line Fp . Individuals with low-risk priors who
receive low-risk signals purchase policy ¢y along fair odds line Fr;. Figure 1 is drawn
under the assumption that Case 1 holds. For values of p such that Case 2 holds, the fair
odds lines Fy; and Fi g would be interchanged.

The set of policies that comprise the MS equilibrium, such as the one illustrated in
figure 1, depends on the informativeness of the information structure @, to which consumers
have access. For any 1/2 < p < 1, the underlying group loss probabilities ¢;; can be
derived from the contracts. To obtain the underlying population loss probabilities Ty and
T, requires further solving (21). But, in general, this system of equations does not have a
consistent solution. This leads to the following result:

Proposition 8: If C* is a separating set of contracts, then C* is a fully informationally
productive informational MS equilibrium if, and only if, p = 1.

Proof. Equation (21) yields {;y = Ty and ¢, = Ty if, and only if, p = 1. D

That is, the MS equilibrium is “as if” consumers were endowed with knowledge of
their loss probabilities if, and only if, consumers have costless access to an information
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structure that noiselessly reveals their risk type. For any other value of p the equilibrium is
informationally productive but not fully informationally productive.

Now consider how the value of information changes with p. Let [;(p) = V;($,) —
Vi(®1/2) denote the equilibrium value of the information structure ®,; this is given by
(20) evaluated at C,. We have I;(1/2) = O for both subjective high and low risks. For
any 1/2 < p < 1, we have Ig(p) > 0, but no further restrictions can be placed on
Iy (p). From the discussions following Propositions 2, 6, and 8, we have that I, (p) = 0
for p < p’, It(p) > 0for p > p’, but I (1) = 0. This implies that I; (p) can be neither
monotonically increasing nor concave in p.

The fact that I, (1) = 0 implies that, if information is costly, then the MS equilibrium
cannot be fully informationally productive and may not exist. At the equilibrium where
contracts are based on the assumption that consumers are fully informed, subjective low
risks will choose not to acquire costly information, and the equilibrium will fail to exist!.
However, since I;(p) > 0 for p’ < p < 1, subjective low risks may be willing to acquire
noisy information. That is, for at least some configurations of information costs, informa-
tionally productive equilibria may exist when fully informationally productive equilibria do
not. More generally, proving existence of and characterizing equilibria when information
is costly is likely to be difficult.

5. Conclusion

In this article we consider the possibility that policyholders may not be endowed with
knowledge of their risk characteristics. We focus on the incentives of individuals to be-
come informed and the implications of policyholders’ information for insurance market
equilibrium. We show that policyholders’ information can have an important effect on the
insurance market.

We show that, if consumers’ informational status is unobservable, then information has
nonnegative value to consumers. Further, this is true regardless of the market structure or the
equilibrium concept. This extends the earlier results on the value of information of Crocker
and Snow [1992], for the case of observable information status, and Doherty and Thistle
[1996] for Nash equilibrium. Crocker and Snow show that the value of information may be
positive or negative depending whether or not the benefits of improved screening outweigh
the costs due to increased signaling. But if informational status is unobservable, the policies
offered cannot depend on informational status. Then, when consumers become informed,
signaling costs cannot be increased and screening is improved. This both creates a private in-
centive for individuals to become informed and implies that information is socially valuable.

We also show that with noiseless information, once consumers learn their objective type,
they can deduce the objective loss probabilities from a separating equilibrium. This implies
that information that reveals the individual’s loss probabilities has no marginal value beyond
information that reveals the individual’s type. Put differently, given the distribution of risk
types, there is a one-to-one relationship between the loss probabilities and the equilibrium
contract set.

If information is noisy, then the MS equilibrium will be informationally productive but
not fully so. The equilibrium set of policies will then depend on individuals’ prior beliefs
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and the amount of noise in the information that they acquire. If information is costly, then
equilibrium may not exist, and if it exists, it will not be fully informationally productive.
The MS equilibrium is fully informationally productive, or “as if”” consumers were endowed
with knowledge of their risk characteristics, if, and only if, consumers have costless access
to an information structure that perfectly reveals their risk type.

Appendix

We show that, if consumers know the risk class to which they belong, they can derive
the underlying objective loss probabilities in the Nash, anticipatory, reactive, MS, and
monopoly equilibrium for an arbitrary number of risk classes.

We assume there are # risk classes with objective loss probabilities 8; > 6, > --- > 6,.
If the information structure is noiseless, the 6; are the population loss probabilities 7},
and if the information structure is noisy, then 6; are the objective loss probabilities ¢;;,
reindexed from highest to lowest. Let ¢; = (p;, g;) be the policy selected by risk class i.
We assume the upward adjacent self-selection constraints are binding, so that v(c;, 6;) =
v(cie1,60:),i =1,2,...,n —1; this is true at the all of the equilibria we are considering.

At the Nash, separating anticipatory, and reactive equilibria, each risk type yields zero
expected profit, p; — 6,q; = 0,sothat6; = p;/q;,i =1,...,n.

Now consider pooling anticipatory equilibrium and MS equilibrium. As in (14) in the
text, the self-selection constraints can be written as

Goy =Py i=1,...,n—1, (22)

where §; = u(w — piy1) —u(w — p)) and o = By +u(w — p; —x +q;) — w(w —
pi+1 — X + gi+1). Then we have 6; = B; /oy, i = 1,...,n — 1,s0long as ¢; # ci41. At
an anticipatory equilibrium with two or more types pooled, each policy offered yields zero
profit. Letting P be the set of types that are pooled (i, j € P iff ¢; = c;), the zero profit
constraint for each policy is ) ;. Ni(pi — 6;g;) = 0, where the N; can be interpreted as
either the number or proportion in risk class i. If two types, i — 1 and i (i < n) are pooled,
then from the upward adjacent self-selection constraint we have §; = B;/«;, and 6;_; can
be found from the profit constraint. If three or more risk types are pooled, with type i
the least risky in the pool (P = {i — j,...,i},j = 2, and i < n), then from the upward
adjacent self-selection constraint we again have 6; = f; /;, but the profit constraint cannot
be solved for the remaining 6’s. If the pool contains the lowest risk type, type n, then, since
there is no upward adjacent selection constraint, we cannot determine 6,. In particular, if
there are only two risk types, then we cannot solve for ¢; and 6,.

At the MS equilibrium, the set of policies offered must earn zero expected profit, but no
individual policy need break even. The zero profit constraint is  y; Ni(p; — 6;q;) = 0,
where the summation runs over all types. We again have §; = f; /o, i =1,...,n— 1,50
long as ¢; # cip1. Then 8, = [3.""1 Ni(p; — (Bi /@:)qi) + Ny pnl/Nugy. If the contracts are
distinct, then all of the objective loss probabilities can be derived from the MS equilibrium.
If risk classes i — j through i are pooled, then we can solve for 6; (unless i = n), but the
other 6’s are indeterminate. If there are only two risk types, then we cannot solve for 6,
and 6, at a pooling MS equilibrium.
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The signal extraction problem can also be solved by consumers if insurance is provided by
a monopolist. We assume all n risk classes are served in equilibrium. The upward adjacent
self-selection constraints are binding, so that (21) holds. The participation constraint for
group n (the least risky) is also binding, v(c,, 8,) = v(0, 8,). This can also be written as
(22) upon taking p,4; = 0 and g,41 = 0. Then we have 6; = B;/a;,i = 1, ..., n. If the
contracts are distinct, then all of the objective loss probabilities can be derived from the
monopoly equilibrium. If risk classes i — 1 and i are pooled, then we can solve for all of the
probabilities except 6; ;. This, combined with the arguments given in the proofs, implies
that the analogues of Propositions 3, 5, 7, and 8 are valid at a monopoly equilibrium.
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Notes

1. Schlesinger and Venezian ([1986], p. 229) make this point in a different context: “Insurers often have better
information regarding loss exposures, however, than do those who are insured. The arguments that are put
forth to justify the collection of industry statistics for ratemaking suggest that an enormous volume of data is
required to provide accurate estimates of the probability and severity of loss”.

2. The 7; could be derived, for example, if consumers initially had a common prior and then (as in the next
section) observed a private binary signal that was imperfectly correlated with their type. (The common prior
and the informativeness of the signal are common knowledge). Then the 7; could be computed from the
common prior and the signal by Bayes rule. The proportion of subjective Hs (Ls) would be the probability of a
“correct” signal. If the objective type distribution is common knowledge, the n; ; could also be computed. We
simply assert the 7; exist (however derived) and, along with the type distributions, are common knowledge.

3. The number of subjective type i policyholders in n; = nj; + n; j» while the number of objective type i
policyholders is N; = ny; + nj;.

4. Adverse-selection problems are modeled as games of incomplete information in which nature assigns individu-
als’ risk types and loss probabilities. In standard adverse-selection models, the population loss probabilities are
assumed to be common knowledge, and individuals observe nature’s move but insurers do not. Also, the anal-
ysis can be generalized to multiple-risk classes (see, for example, Spence [1978]); however, the two-risk-class
case highlights the analytical issues that are of interest.

5. If the objective loss probabilities Ty and T}, are common knowledge, then an information structure that reveals
type also reveals the loss probability.

6. See Rothschild and Stiglitz [1976] and Spence [1978] on the Nash and MS equilibria. See Stiglitz [1977] for
a discussion on monopoly insurance markets.

7. The anticipatory and reactive equilibria differ when the Rothschild-Stiglitz condition does not hold. Under the
anticipatory equilibrium firms considering introducing a new policy assume policies rendered unprofitable by
the new policy will be withdrawn. Under the reactive equilibrium, firms considering introducing a new policy
assume rivals will react by introducing additional policies if doing so is strictly profitable. If the withdrawal
or introduction, respectively, of policies would render the contemplated new policy unprofitable, it is not
introduced. Wilson [1977] proves an anticipatory equilibrium always exists. Riley [1979, 1985] and Engers
and Fernandez [1987] prove a reactive equilibrium always exists and is unique.



210 JAMES A. LIGON AND PAUL D. THISTLE

8. The existence of the informational equilibrium at C* clearly depends on our assumptions that information
is costless and that policyholders choose to become informed if the value of information is zero. If, in the
alternative, we assume that policyholders do not to become informed when the value of information is zero, or
if we assume that information has a strictly positive cost (however small), then an informational equilibrium
may fail to exist, or, if equilibrium exists, then some policyholders remain uninformed.

9. That is, at ¢}, the slope of the low risk’s indifference curve is Ei{w{y € Yz, C*}, which is less than T}, by
assumption.

10. An information structure without noise, such as those analyzed in the previous section, is the special case
where the conditional density of the signal, f(y | ), is degenerate.

11. There will be fewer than four classes if subjective risk groups have equal posterior means or equal proportions
of objective high-risk individuals.

12. To see this substitute the appropriate values in (20). If two or more groups are pooled then the value of
information may be zero.

13. This problem is related to Grossman-Stiglitz’s [1980] conclusion on the impossibility of informationally
efficient markets. A similar existence problem is also discussed in Doherty and Thistle [1996].
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