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INFORMATION 
ECONOMICS 

In the neoclassical theory of consumer and finn behavior, consumers have perfect informa-
tion about important features of the commodities they buy. such as their quality and durabil-
ity. Firms have perfect information about the productivity of the inputs they demand. Because 
of this, it was possible to develop separately the theories of consumer demand and producer 
supply, and thereafter simply put tbein together by insisting on market-clearing prices. 

One might hope that extending consumer and producer theory to include imperfect 
information would be as simple as incorporating decision making under uncertainty into 
those neoclassical models of consumer and producer behavior. One might then derive the-
ories of demand and supply under imperfect information, and simply put the two together 
once again to construct a theory of market equilibrium. Unfortunately, this approach would 
only make sense if the sources of the uncertainty on both sides of the market were exogeoous 
and so not under the control of any agent involved. 

Of course, the quality and durability of a commodity, for example, are not exogenous 
features. They are characteristics that are ultimately chosen by the producer. If consumers 
cannot directly observe product quality before making a purchase, then it may well be in 
the interest of the producer to produce only low-<}uality items. Of course, knowing this, 
consumers will be able to infer that product quality must be low and they will act accord-
ingly. Thus, we cannot develop an adequate equilibrium theory of value under imperfect 
information without taking explicit account of the relevant strategic opportunities available 
to the agents involved. Notably, these strategic opportunities are significantly related to the 
distribution of information across economic agents. 

A situation in which different agents possess different information is said to be one 
of asymmetric infonnatioo. As we shall see, the strategic opportunities that arise in the 
presence of asymmetric information typically lead to inejficieRt market nu/comes, a form 
of market failure. Under asymmetric information, the First Welfare llleorem no longer 
holds generally. 

Thus. the main theme to be explored in thiJ chapter is the important effect of asym· 
metric information on the efficiency properties of market outconx.s. In the interest of sim-
plicity and clarity, we will develop this theme within the context of one specific market: 
the market for insurance. By working through the details in our models of the insurance 
market, you will gain insight into how theorists would model other markets with similar 
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informational asymmetries. By the end, we hope to have stimulated yml to look for analogies 
and applications in your own field of special interest. 

8.1 ADVERSE SELEcnON 

8.1.1 INFORMATION AND THE EFFICIENCY OF MARKET OUTCOMES 
Consider a market for auto insurance in which many insurance companies sell insurance to 
many consumers. 

Consumers are identical except for the exogenous probability that they are involved 
in an accident. Indeed, suppose that fori= 1, 2, ... , m, consumer i's accident probability 
is :rr,- E [0, 1 ], and that the occurrence of accidents is independent across consumers.1 Other-
wise, consumers are identical. Each has initial wealth w, suffers a loss of L dollars if an 
accident occurs, and has a continuous, strictly increasing, strictly concave von Neumann-
Morgenstem utility of wealth function u( ·). Consumers behave so ali to maximize expected 
utility. 

Insurance companies are identical. Each offers for sale full insurance only. That is, for 
a price, they promise to pay consumers L dollars if they incur an accident and zero dollars 
otherwise. For the moment, we will suppose that this full insurance policy is a lumpy 
good-that fractional amounts can be neither purchased nor sold. We'll also suppose that 
the cost of providing insurance is zero. Thus, if the full insurance policy sells for p dollars 
and is purchased by consumer i, then the insurance company's expected profits from this 
sale are p- rr; L. Insurance companies will be assumed to maximize expected profits. 

Symmetric Informntion 

Consider the case in which each consumer's accident probability can be identified by 
the insurance companies. Thus, there is no asymmetry of information here. What is the 
competitive (Walrasian) outcome in this benchmark setting in which all information is 
public'? 

To understand the competitive outcome here, it is important t-o recognize that the price 
of any particular commodity may well depend on the "state of the world." For example, an 
umbrella in the state "rain" is a different commodity than an umbirella in the state "sunny." 
Consequently, these distinct commodities could command distinct prices. 

The same holds true in this setting where a state speci ties which subset of consumers 
have accidents. Because the state in which consumer i has an accident differs from that in 
which consumer j does, the commodity (policy} paying L dollars to consumer i when he has 
an accident differs from that paying L dollars to j when she does. Consequently, policies 
benefiting distinct consumers are in fact distinct commodities and may then command 
distinct prices. 

So, let p, denote the price of the policy paying L dollars to consumer i should he have 
an accident. For simplicity, let's refer to this as the ith policy. We wish then to determine, 
for each i = 1, 2, . . , m, the competitive equilibrium price p( of policy i. 

1Thus, think of an as "hitting a tree" as opposed to "hillmg another car.'' 

T 
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Let's first consider the supply of policy i. If Pi is less than n;L, then selling such a 
policy will result in expected Hence, the supply of policy i will be zero in tlilis case. 
On the other hand, if p,. is greater than n.- L, positive expected profits can be earned, so 
the supply of such policies wi11 be infinite. Finally, if p; = lr; L, then insurance companies 
break even on each policy i sold and hence are willing to supply any number of such 
policies. 

On the demand side, if p; is less than n1 L, then consumer i, being risk-averse will 
demand at least one policy i. This follows from our analysis in Chapter 2 where we. showed 
that risk-averse consumers strictly prefer to fully insure than not to insure at all whenever 
actuarially fair insurance is available (i.e., whenever Pi= rr; L). The same analysiis shows 
that if p; exceeds rr; L, consumer i will purchase at most one policy i. (Recall that fractional 
policies cannot be purchased.) 

By putting demand and supply together, the only possibility for equilibrium is when 
p; = n, L. In this case, each consumer i demands exactly one policy i and it is supplied by 
exactly one insurance company (any one will do). All other insurance companies are content 
to supply zero units of policy i because at price p; = n; L all would earn zero expected 
profits. 

We conclude that when inforrgation is freely available to all, there is a uniq[ue com-
petitive equilibrium. In it, p/ =7C; L for every policy i = 1, 2, ... , m. Note that in this com-
petitive equilibrium, all insurance companies earn zero expected profits, and all consumers 
are fully insured. · 

We wish to argue that the competitive outcome is Pareto efficient-no consumer or 
insurance company can be made better off without making some other consumer or insur-
ance company worse off. By constructing an appropriate pure exchange economy,, one can 
come to this conclusion by appealing to the First Welfare Theorem. You are invited! to do so 
in Exercise 8.1. We shall give a direct argument here. 

In this setting, an allocation is an assignment of wealth to consumers and i1nsurance 
companies in each state. An allocation is feasible if in every state, the total wealth assigned 
is equal to the total consumer wealth. 

We now argue that no feasible allocation Pareto dominates the competitive allocation. 
Suppose, by way of contradiction, that some feasible allocation does Pareto dominate the 
competitive one. Without loss of generality, we may assume that the competitive allocation 
is dominated by a feasible allocation in which each consumer's wealth is the same whether or 
not he has an accident (See Exercise 8.5.) Consequently, the dominating outcome guarantees 
each consumer i wealth Wi. For this allocation to dominate the competitive one, i1t must be 
the case that W; :::: w - 1t; L for each i. 

Now, because each consumer's wealth is certain, we may assume without loss that ac-
cording to the dominating allocation, there is no transfer any two con-
sumers in any state. (Again, see Exercise 8.5.) Therefore, each consumer's wealth is directly 
transferred only to (or from) insurance companies in every state. 

Consider then a particular consumer, i, and the insurance companies who are providing 
i with insurance in the dominating allocation. In aggregate, their expected profits from con-
sumer i are 

(1- n;)(w- !Ii;) + n;(w- L- W;) = w- 7f;L- iii;. (8.1) 
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because tli; - w (resp., tli; + l.- w) is the supplement to consumer i's wealth in states in 
which she does not have (resp., has) an accident, and the feasibility of the allocation implies 
that this additional wealth must be otfset by a change in the aggregate wealth of insurance 
companies. 

But we've already detem1ined that the right-hand side of (8.1) is nonpositive. So, 
letting EP{ denote company j's expected profits from consumer i, we have shown that in 
the dominating allocation, 

w - rr;L - tli; = L,EPf 0 
J 

for every consumer i. (8.2) 

But each insurance company must be earning nonnegative expected profits in the 
dominating allocation because each earns zero expected profits in the competitive allocation. 
Hence, we must also have 

for every insurance company j. (8.3) 

Summing (8.2) over i and (8.3) over j shows that each of the tWO inequalities must be 
equalities for every i and j. Consequently, each consumer's constant wealth and each firm's 
expected profits in the dominating allocation are identical to their competitive allocation 
counterparts. But this contradicts the definition of a dominating allocation and completes 
the argument that the competitive allocation is efficient. 

Asymmetric Information and Adverse Selection 

We now return to the more realistic setting in which insurance companies cannot identify 
consumers' accident probabilities. Although insurance companies can and do employ his-
torical records of consumers to partially detem1ine their accident probabilities, we will take 
a more extreme view for simplicity. Specifically, we shall suppose that insurance companies 
know only the distribution of accident probabilities among consumers and nothing else. 

So let the nondegenerate interval [ l!, ft] contain the set of all consumer accident 
probabilities, and let F be a distribution function on [ ft] representing the insurance 
companies' information. This specification allows either finitely many or a continuum of 
consumers. The possibility of allowing a continuum is convenient for examples. We' ll also 
suppose that both 1J and ft are in the support of F.2 Therefore, for each rr E (1!, ft ], F(rr) 
denotes the fraction of consumers having accident probability less than or equal ton:. Equiv-
alently, F(n:) denotes the probability that any particular consumer has accident probability 
rr or lower. Insurance companies are otherwise exactly as before. In particular, they each 
sell only full insurance. 

The impact of asymmetric information is quite dramatic. Indeed, even though poli-
cies sold to different consumers can potentially command distinct prices, in equilibrium 
they will nor. The reason is quite straightforward. To see it, suppose to tbe contrary that 

2lf there are finitely many consumers an<llherefore linitely many a<."t:ident p<ol>abilities, this means simply that 
both '! and fl arc given positive probability by F. More generally, it mean< that all nondegenerate intervals of the 
form('!, a) and (1>. rrlaregiven positive pr<>bubility by F. 
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the equilibrium price paid by consumer i excwls that paid by consumer j . Because both 
consumers are actually purchll$ing a policy, the expected profits on each sale must be 
nonnegativc-<>therwise, the insurance company supplying the money-losing policy would 
not be profit-maximizing. Consequently, because consumers i and j are identical to insur-
ance companies from an accident probability point of view, the policy sold to consumer i 
must earn strictly positive expected profits. But then each insurance company would wish 
to supply an infinite amount of such a policy, wbich cannot be the case in equilibrium. This 
contradiction establishes the result: Then is a single equilibrium price of rht full insurance 
policy for all consumers. 

Then Jet p denote this single price of Ike full insul'lUlCe policy. We wish now to 
determine its equilibrium value, p•. 

Because positive expected profits result in infinite supply and negative expected profits 
result in zero supply, a natural guess would be to set p• = E(rr )L , wbere E(rr) = J: rr dF(n ) 
is the expected accident probability. Such a price is intended to render insurance companies' 
expected profits equal to zero. But does it? 

To sec that it might not. note that this price might be so high that only those con-
sumers with relatively high accident probabilities will choose to purchase insurance. Con· 
scquently, companies would be wtderesrimaring the expected accident probability by using 
the uncooditional expectation. E (Jr ) , rather than the expectation of the accident probability 
condirional on rlwse consumers actually willing to purr:ha.se rhe policy. By underestimating 
this way, profits would be strictly negative on average. Thus to find p• we must take this 
into account. 

For any accident probability 1r, the consumer buys a policy for pc-ice p only if the 
expected utility from doing so exceeds the expected utility from remaining uninsured: that 
is, onty if3 

u(w- p) ;:: nu(w - L) +(I - n )u(w). 

Rearranging, and defining the function h(p), we find that the policy will be purchased 
only if 

u(w) - u(w -1 p) _ h( ) 
Jr > = p . 

- u(w)- u(w - L ) 

Then we'll call p• a competitive equilibrium price under asymmetric information if it 
satisfies the following condition: 

(8.4) 

where the expression c (lf In 2:::. h(p. )) = Jl'dF(1!') is the expected accident probability 
conditional on 1r ;:: h(p' ). 

3For •implicity, we lUSlUOe lhat a conJumer wllo i.s between buyin& the policy nr not does in Fact 
buyil 
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Note that a consumer with accident probability rr: will purchase the full insurance 
policy at price pas long as ;r 2:- h(p). Thus, condition (8.4) ensures that finns earn zero 
expected profits on each policy sold, conditional on the accident probabilities of consumers 
who actually purchase the policy. The supply of policies then can be set equal to the number 
demanded by consumers. Thus, the condition above does indeed describe an equilibrium. 

An immediate concern is whether or not such an equilibrium exists. That is, does 
there necessarily exist a p• satisfying (8.4)? The answer is yes., and here's why. 

Let g(p) = E(rr ltr 2:- h(p))L for every p E [0, ft L), where it is the highest accident 
probability among all consumers. Note that the conditional expectation is well-defined 
because h(p)::::: ft for every p E [0, ft L] (check this). In addition, be:cause E(rr lrr ::::_ h(p)) 
E (0, ft], the function g maps the interval [0, ft L] into itself. Finally, because h is strictly 
increasing in p, we know g is nondecreasing in p. Consequently, g is a nondecreasing 
function mapping a closed interval into itself. As you are invited to e.xplore in the exercises, 
even though g need not be continuous, it must nonetheless have a fixed point p* E [0, ft L}.4 

By the definition of g, this fixed point is an equilibrium. 
Having settled the existence question, we now tum to the properties of equilibria. First, 

there is no reason to expect a unique equilibrium here. Indeed, one can easily construct 
pies having multiple equilibria But more importantly, equilibria need not be efficient here. 

For example, consider the casein which F is uniformly distributed over [g, ft} = (0, 1]. 
Then g(p) = (1 + h(p))L/2 is strictly increasing and strictly concave because h(p) is. Con-
sequently, there is a unique equilibrium price p* and it satisfies p"' = (l + h(p*))L/2. But 
because h(L) = 1, we must then have p• = L. However, when p" = L, (10.4) tells us the ex-
pected probability of an accident for those who buy insurance must be E(rr lrr ::: h(L)) = l. 
Thus, in equilibrium, all consumers will be uninsured except those: who are certain to have 
an accident. But even these consumers have insurance only in a formal sense because they 
must pay the full amount of the loss, L, to obtain the policy. Thus, their wealth (and therefore 
their utility) remains the same as if they had not purchased the po!licy at all. 

Clearly, this outcome is inefficient in the extreme. The competitive outcome with 
symmetric information gives every consumer (except those who are certain to have an 
accident) strictly higher utility, while also ensuring that every insurance company's expected 
profits are zero. Here, the asymmetry in information causes a significant market failure in 
the insurance market. Effectively, no trades take place and therefore opportunities for Pareto 
improvements go unrealized. 

To understand why prices are unable to produce an efficient e:quilibrium here, consider 
a price at which expected profits are negative for insurance companies. Then, other things 
being equal, you might think that raising the price will tend to increase expected profits. But 
in insurance markets, other things will not remain equal. In general, whenever the price of 
insurance is increased, the expected utility a consumer receives from buying insurance falls, 
whereas the expected utility from not insuring remains the same. For some consumers, it 
will no longer be worthwhile to buy insurance, so they will quit doing so. But who continues 
to buy as the price increases? Only those for whom the expected loss from not doing so is 
greatest, and these are precisely the consumers with the highest accident probabilities. As 

40f course, jf 8 is continuous, we can apPly Brouwer's fixed-point theorem. However, you will show in an exercise 
that if there are finitely many consumers, g cannot be cot\timlou>. 
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a result, whenever the price of insurance rises, the pool of customers who continue to buy 
insurance becomes riskier on 

This is an example of adverse selection, and it tends here to have a negative influence 
on expected pmfits. If, as in our example, the negative impact of adverse selection on 
expected profits outweighs the positive impact of higher insurance prices, there can fail to 
be any efficient equilibrium at all, and mutually beneficial potential trades between insurance 
companies and relatively low-risk consumers can fail to take place. 

The lesson is clear. In the presence of asymmetric information and adverse sdection, 
the competitive outcome need not be efficient. Indeed, it can be dramatically inefficient. 

One of the advantages of free markets is their ability to "evolve." Thus, one might well 
imagine that the insurance market would somehow adjust to cope with adverse selection. 
In fact, real insurance markets do perform a good deal better than the one we just analyzed. 
The next section is devoted to explaining how this is accomplished. 

8.1.2 SIGNAUNG 

Consider yourself a low-risk consumer stuck in the inefficient equilibrium we've just de-
scribed. The equilibrium price of ins.urance is so high ·that you've chosen not to purchase 
any. If only there were some way you could convince one of the insurance comprunies that 
you are a low risk. They would then be willing to sell you a policy for a price you would 
be willing to pay. ' 

In fact, there often will be ways consumers can credibly communicate how risky they 
are to insurance companies, and we call this kind of behavior signaling. In real insurance 
markets, consumers can and do distinguish themselves from one another-and they do it by 
purchasing different types of policies. Although we ruled this out in our previous analysis 
by assuming only one type of policy, we can now adapt our analysis to allow it. 

To keep things simple, we'll suppose there are only two possible accident probabilities, 
:g and :ii, where 0 < rr < :ii < l. We'll assume that the fraction of consumers having accident 
probability rr is a E (0, 1). Consumers with accident probability rr are called low-risk 
consumers, and those with accident probability fc are called high-risk consumers. 

To model the idea that consumers can attempt to distinguish themselves from others 
by choosing different policies, we shall take a game theoretic approach. 

Consider then the following extensive form game, which we'll refer to as the 
insurance signaling game, involving two consumers (low-risk and high-risk) and a single 
insurance company: 

• Nature moves first and determines which consumer will make a proposal to the 
insurance company. The low-risk consumer is chosen•with probability a, and the 
high-risk consumer is chosen with probability 1 - a. 

The chosen consumer moves second. He chooses a policy (B, p), consisting of a 
benefit B 2: 0 the insurance company pays him if he has an accident, and a premium 
0:::; p:::; w he pays to the insurance company whether or not he has an acddent.5 

5Note the slight change in our use of the term policy. It now refers LOa benefit-premium pair, (8, p), rather than 
simply the benefit. Restricting p to be no higher than w ensures that the consumer does not go bankn1pt. 
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Nature 

Fipn 8.1. Insurance signaling game: a schematic diagram of the 
signaling extensive form game. The figure is complete except that it 
shows only two policy choices, ( 8. p) and (8', p' ). available to the 
consumer when there are in fact infinitely many choices available. 

• The insurance company moves last, not knowing which consumer was chosen by 
Nature, but knowing the chosen consumer's proposed policy. The insurance com-
pany either agrees to accept the terms of the consumer's policy or rejects them. 

The extensive form of this game is shown in Fig. 8. 1. When interpreting the game, 
think of the insurance company as being one of many competing companies, and think 
of the chosen consumer as a randomly selected member from the set of all consumers, of 
whom a fraction a are low-risk types and a fraction I - a are high-risk types. 

A pure strategy for the low-risk consumer is a specification of a policy l/f1 = (81, p1), 

and for the high-risk consumer, a policy .PA = (Bh. Ph). 
A pure strategy for the insurance company must specify one of two responses, either 

A (accept) or R (reject), for each potential policy proposed. Thus, a pure strategy for 
the insurance company is a response function, u, where u(B, p) E (A , R) for each policy 
(B, p). Note that u depends only on the proposed policy and not on whether the 'consumer 
proposing it is low- or high-risk. This reflects the assumption that the insurance company 
does not know which risk type makes the proposal. 

Once a policy is proposed, the insurance company formulates beliefs about the con-
sumer's accident probability. Let probability {J(B, p) denote the insurance company's be--
liefs that the consumer who proposed policy (8, p) is the low-risk type. 

We wish to determine the pure strategy sequential equilibria of this game.h Thcce is, 
however, a purely technical difficulty with this. 'The definition of a sequential equilibrium 

6See Chaptet 7 for a discussion of sequential equilibrium. We llave chosen to employ the equilibrium 
concept here because we want to insist upon rational behavior on the part of the insurance company at eoeh of its 
information scls, and further that consutntrs take this into account. 

. T 
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requires the game to be finite, but the game under consideration is not-the consumer can 
choose any one of a continuum of policies. 

Now, the definition ot a ;equential equilibrium requires the game to be finite ooly 
because the consistency condition is not easily defined for infinite games. However. as you 
will demonstrate in an exercise, when the consumer's choice set is restricted to any finite set 
of policies, so that the game becomes finite, every assessment satisfying Bayes' ru le also 
satisfies th.e con.sistency condition. Consequently, in every finite version of the insuJ'allCe 
signaling game, an assessment is a sequential equilibrium if and only if it is sequentially 
rational and satisfies Bayes' rule. 

With this in mind, we define a sequential equilibrium for the (infinite) insurance 
signaling game in terms of sequential rationality and Bayes· rule, alone. as follows. 

OEFINmoN 8.1 Signaling Gome Pure Stralegy Sequenfia/ 
The assessmenr ( t/lt . t/IA. u( · ), fJ( ·))is a pure s trategy sequential equilibrium of the insurance 
signaling game if 

1. given the insurance co'"fXllly 's strategy, cr( · ); proposing the policy 1/lt nuuimizes 
the low-risk consumu's expected utiliry, and proposing 1/ln maximizes the high-risk 
consumer's expected utility; , 

2. the insurance company's beliefs satisfy Bayes' rule. That is, 
(a) fJ(t/1) e [0, 1], for all policies y =(B, p), 
(b) ift/lri t/ln. then fJ(l/lt) = I and f3 (t/tn) = 0, 
(c) ifl/lt=t/t•,then/3(1/ltl = fJ(t/tn)=ct; 

J. for every policy '1/t = (B, p), the insurance company's reaction, cr(l/1), maximizes 
its upecled profits given its beliefs {1(8, p). 

Conditions (I) and (3) ensure that the assessment is sequentially rational, whereas 
condition (2) ensures that the insurance company's beliefs satisfy Bayes' rule. Because we 
are restricting attention to pure strategies, Bayes' rule reduces to something rather simple. 
If the different risk types choose different policies in equilibrium. then on observing the 
low- (high-) risk consumer's policy, the insurance company infen that it faces the low-
(high-) risk consumer. This is condition (2.b). 1r. however, the two risk types choose the 
same policy in equilibrium, then on observing this policy, the insurance company 's beliefs 
remain unc.banged and equal to its prior belief. This is condition (2.c). 

The basic question is this: Can the low-risk consumer distinguish himself from the 
high-risk one here, and as a result achieve a more efficient outcome? It is not obvious that 
the answer is yes. For note thai there is no direct connection between a consumer's rislc type 
and the policy he proposes. Trutt is. the act of plrchasing less insurance does not decrease 
the probability that an acci<knt will occur. In this sense, the signals used by consumers-the 
policies they propose- arc unproductive. 

However, despite this, the low-risk consumer can still attempt to signal that he is low 
risk by demonstrating his willingness to accept a decrease in the benefit for a smaller com-
pensating premium reduction than would the higl\-risk consumer. Of course, for this kind of 
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(unproductive) signaling to be effective, the risk types must display different marginal rates 
of substitution between benefit levels, B, and premiums, p. As we shall shortly demonstrate, 
this crucial difference in marginal rates of substitution is indeed pn:sent. 

Analyzing the Game 

To begin, it is convenient to define for each risk type the expected utility of a generic policy 
(B, p). So, let 

u1(8, p) = :gu(w- L + 8- p) +(I - :g)u(w- p) and 
Uh(8, p) = Jtu(w- L + 8- p) + (1- Jt)u(w- p) 

denote the expected utility of the policy (8, p) for the low- and high-risk consumer, respec-
tively. 

The following facts are easily established. 

FACTS (a) u1(B, p) and uh(8, p) are continuous, differentiable, strictly concave in 
(B, p), strictly increasing in 8, and strictly in p, 

(b) MRS1(8, p) is greater than, equal to or less than rr as 8 is less than, 
equal to, or greater than L. MRSh(B, p) is greater than, equal to, or less 
than if as 8 is less than, equal to, or greater than L. 

(c) MRS1(B, p) < MRS,(B, p) for all (B, p), 

The last of these is often referred to as the property. As its name 
suggests, it implies that indifference curves for the two consumer types intersect at most 
once. Equally important, it shows that the different risk types display different marginal 
rates of substitution when faced with the same policy. 

Fig. 8.2 illustrates facts (a) and (c). In accordance with fact (c), the steep indifference 
curves belong to the high-risk consumer and the flatter ones to the low-risk consumer. 
The difference in their marginal rates of substitution indicates that beginning from a given 
policy (8', p'), the low-risk consumer is willing to accept a decrease in the benefit to B" 
for a smaller compensating premium reduction than would the high-risk consumer. Here, 

Figure 8.2. Single crossing P 
property. Beginning from policy 
(B', p'), the benefit is reduced to 
B". To keep the low-risk type just 
as well off, the price must be 
reduced to p;'. It must be further 
reduced to to keep the 
high-risk type just as well off. 

p' 
pf 

'" 

/ uh = constant 

\ 
--- u1 = constant 

\ 
Direction of increasing 

utility 



INFORMATION ECONOMICS 

p 

p == ffB: High-risk 
zero-profit line 

p =1rB: Low-risk 
zerO-profit line 

Figure 8.3. Zero-profit lines. Policy >/1 1 earns positive profits on 
both consumer types; 1/12 earns positive profits on the low-risk 
consumer and negative profits on the high-risk consumer; 1/13 earns 
negative profits on both consumer types. 
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reducing the benefit is less costly to ilie low-risk consumer because he is less likely to have 
an accident. 

The insurance company expected profits. Now, in case it knows that the 
consumer is low-risk, it will accept any policy (B, p) satisfying p > J] B, because such 
a policy yields positive profits. Similarly, it will reject the policy if p < rr B. It is indif-
ferent between accepting and rejecting the policy if p = 1J B. If the insurance company 
knows the consumer is high-risk, then it accepts the policy (B, p) if p > ft B and rejects it 
ifp<ftB. 

Fig. 8.3 illustrates the two zero-profit lines for the insurance company. The line 
p = rr B contains those policies (B, p) yielding zero expected profits for the insur-
ance company when the consumer is known to be low-risk. The line p = ft B contains 
those policies yielding zero expected profits when the consumer is known to be high-risk. 
These two lines will play an important role in our analysis. Note that the low-risk zero profit 
line has slope rr, and the high-risk zero profit line has slope ft. 

Now is a good time to think back to the competitive equilibrium for the case in which 
the insurance company can identify the risk types. There we showed that in the unique 
competitive equilibrium the price of full insurance, where B = L, is equal to 1J L for the 
low-risk consumer, and ft L for the high-risk consumer. This outcome is Qepicted itll Fig. 8.4. 
The insurance company earns zero profits on each consumer, each consumer purchases full 
insurance, and, by fact (b) above, each consumer's indifferepce curve is.tangent to the 
insurance company's respective zero-profit line. 

Returning to the game at hand, we begin characterizing its sequential equiilibria by 
providing lower bounds on each of the consumers' expected utilities, conditional on hav-
ing been chosen by Nature. Note that the most pessimistic belief the insurance •Company 
might have is that it faces the high-risk consumer. Consequently, both consumer-types' 
utilities ought to bounded below by the maximum utility they could obtain when the 
insurance company believes them to be the high-risk consumer. This is the c•ontent of 
the next lemma. 
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LEMMA 8.1 
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Flpre 8.4. Competitive outcome, t: and tf. denote the policies 
consumed by the low- and high-risk rypcs in the competitive 
equilibrium when the insurance company can identify risk types. 
The competitive outcome is efficicat. 

Let (1/tt, 1/th. u(), P(·)) be a sequelllial equilibrium, and let u; and uh denote the equilibrium 
utility of the low· and high-risk consumer. respectively, given thai he has been chosen by 
Nature. Then 

1. u;!! u,, and 

2. u,; !! 
where iit ;;: maxtB.p) u,(B, p) s.t. p = ii 8 :5 w. uA(L, it L) denotu the high-risk 
consumer's uiility in the competitive equilibrium with full infonnation. 

Proal: Consider a policy (8, p) lying above the high-risk zu<>-profit lin.e, so that p >it B. 
We wish to argue that in equilibrium, the insurance company must accept this policy. 

To see this, note that by accepting it, the company's expected pro61s given ils beliefs 
fi(B, p) are 

p- (jJ(B, p)?.f + (1 - fi(B. p ))ffiB !! p- if 8 > 0. 

Consequently, accepting is strictly better than rejecting the policy because rejecting results 
in zero profits. We conclude that all policies (8, p) above the high-risk zer<>-prafit line are 
accepted by the insurance company. 

Thus, for any policy satisfying it 8 < p :5 w, the low-risk consumer, by proposing it, 
can guarantee util ity ur(B , p), and the high-risk consumer can guaranlee utility uh( B, p ). 
Therefore, because each risk type maximires expected utility in equilibrium, the following 
inequalilies must hold for all policies satisfying rr 8 < p :5 w: 

uj !! lit( B. p) and 
Uh ?: UA(B, p). 

(P.I) 
(P.2) 

Continuity of u1 and u h implies thai (P. I) and (P.2) must in fact hold for all policies salisfying 
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p Kigh-risk 
zero-profit line 

Low-risk 
zero-profit line 

flpre 8.5. Lower bound•. Because all policies (8, p) above the 
high-risk uro-profil line are acceplcd by the insurance company in 
equilibrium. lhe low-risk consumer mUSI obtain utility no smaller 
than ii1 = and lhe high-risk consumer utility no smaller than 

= u(Y,rJ. Note that although in the figure {/1 # (0, 0), itis 
possible that {11 = (0, 

the weak inequality ft 8 s. p s. w. (P.J) and (P.2) may be rewritten as 

u; u1(8 , p) 

u; p) 

for all 
for all 

it 8 s. p s. w, 
.itB S. p S. w. 

3-41 

(P.3) 

(P.4) 

But (P.3) is equivalent lo (1) because utility is decreasing in p , and (P.4) is equivalentto 
(2) because, among all no belter than fair insurance policies, !he full insurance one uniquely 
maximizes the high-risk consumer's utility. I 

Fig. 8.5 illustrates Lemma 8.1. A consequence of the lemma lhat is evident from 
the figure is that the high-risk consumer musr purchase insurance in equilibrium. This is 
because without insurance his utility would be llh(O, 0) which, by strict risk aversion, is 
srrictly less a lower bound on his equilibrium urility. 

The same cannot be said for the low-ri.sk consumer even though it appears so from 
Fig. 8.5. We have drawn Fig. 8.5 for the case in which MRS,(O, 0) > ii, so that u1(0, 0) < u,. 
However, in rhe equally plausible case in MRS1(0, 0) < ft we h(lve u1(0. 0) u1• Jn 
this latter case, the low-risk consumer may choose not to purchase insurance in equilibrium 
(by making a proposal that is rejected) without violating the cpnclusion of :Lemma 8.1. 

The preceding lemma applies to every sequential equi librium. We now separate the 
set of equilibria into two kinds: separating and pooling. 

Au equilibrium is a separatl.ng equilibrium if the different rypes of consumers 
propose different policies. In this way, the consumers separdte themselves from one another 
and can be idenrified by rhe insurance company by virtue of the chosen policy. ln contrast, 
an equilibrium is a pooling equilibrium if both consumer types propose the same policy. 
Consequently, the consumer types cannot be identi fied by observing the policy they propose. 
In we have the following definir ion. 
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DfFJNmON 8.2 Separafing and Paaling Signaling Equilibria 

THEOREM B. I 

A pure strategy sequential equilibrium (•h 1/th, cr(·), {3(·)) is separating ifljt1 =1=-1/th. while it 
is pooling otherwise. 

With only two possible types of consumers, a pure strategy sequential equilibrium is 
either separating or pooling. Thus, it is enough for us to characterize the sets of separating 
and pooling equilibria. We begin with the former. 

Separating Equilibria 

In a separating equilibrium, the two risk types will propose different policies if chosen by 
Nature, and on the basis of this the insurance company will be able to identify them. Of 
course, each risk type therefore could feign the identity of the other !>imply by behaving as 
the other would according to the equilibrium. 7 The key conceptual point to grasp, then, is 
that in a separating equilibrium. it must not be in the interest of eilher type to mimic the 
behavior of the other. Based on this idea, we can characterize the policies proposed and 
accepted in a separating pure strategy sequential equilibrium as follows. 

Separafing Equilibrium Charaderiza!K>n 
The policies 1/tt =(B!, p!) and 1/th =(Bh, Ph) are proposed by the low- and high-risk con-
sumer; respectively, and accepted by the insurance company in some separating equilibrium 
if and only if 

2. PI::: IT B,. 

3. u1(1jtt):::_U1 ;;;::: max(B,p)Ut(B,p) s.t. p=ftB::;w. 

4. 

Proof: Suppose first that o/1 = (B1, PI) and 1/lh = (L, it L) satisfy (1) to ( 4). We must con-
struct a strategy uO and beliefs {30 for the insurance company so that the assessment 
(1{11, 1frh. a(·), /3( ·)) is a sequential equilibrium. It then will be clearly separating. The fol-
lowing specifications will suffice: 

! 1. 
p) = 0, 

!
A, 

a(B, p) = R, 

if(B, p) = •frt. 
if(B, p) # •h. 
if(B,p)=l/11, or P?:..ftB, 
otherwise. 

7There are other ways to feign the identity of the other type. For example, the type might choose a proposal 
that neither type is supposed to choose in eq uilibriom, but one that would nonetheleo; induce the insurance company 
to believe that it faced the high-risk consumer. 
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According to the beliefs /3( · ), any policy proposed other than 1/11 induces the insurance 
company to believe that it faces,the high-risk consumer with probability one. On the other 
hand, when the policy 1/11 is propOsed, the insurance company is sure that it faces the low-risk 
consumer. Consequently, the insurance company's beliefs satisfy Bayes' rule. 

In addition, given these beliefs, the insurance company's strategy maximize:s its ex-
pected profits because, according to that strategy, the company accepts a policy if !md only 
if it results in nonnegative expected profits. 

For example, the proposal1/ft = (Bt, PI) is accepted because, once proposed, it: induces 
the insurance company to believe with probability one that it faces the low-risk consumer. 
Consequently, the insurance company's expected profits from accepting the policy are 
p1 - rr Bt, which, according to (2), is nonnegative. Similarly, the proposall/Jh = (L, iiL) is 
accepted because it induces the insurance company to believe with probability one that it 
faces the high-risk consumer. In that case, expected profits from accepting the policy are 
iiL-iiL=O. 

All other policy proposals (B, p) induce the insurance company to believe with prob-
ability one that it faces the high-risk consumer. Its expected profits from accepting such 
policies are then p-iC B. Thus, these policies are also accepted precisely when they yield 
nonnegative expected profits given the insurance company's beliefs. 

We've shown that given any policy (p, B), the insurance company's strategy max-
imizes its expected profits given its It remains to show that given the illlsurance 
company's strategy, both consumers are choosing policies that maximize their utility. 

To complete this part of the proof, we'll show that no policy proposal y.ields the 
low-risk consumer more utility than 1/11 nor the high-risk consumer more than 1/Fh. Note that 
because the insurance company accepts the policy (0, 0), and this policy is equivalent to 
a rejection by the insurance company (regardless of which policy was rejected), both con-
sumers can maximize their utility by making a proposal that is accepted by the insurance 
company. We therefore may restrict our attention to the set of such policies that we'll denote 
by A; i.e., 

A= {'frtl U {(B, p)lp ': ftB). 

Thus, it is enough to show that for all (B, p) E A with p::; w, 

Ut('fr/) '0> Ut(B, p), 
uh(l/lh) 2:. uh(B, p). 

and (P.l) 

(P.2) 

But (P.l) follows from (3), and (P.2) follows from (1), (3), (4),.and because (L, iiL) is best 
for the high-risk consumer among all no better than fair policies. 

We now consider the converse. So, suppose that (1/11, 1/Fh, tr(·), {3(·)) is a s'eparating 
equilibrium in which the equilibrium policies are accepted by the insurance company. We 
must show that (1) to (4) hold. We take each in turn. 

1. The definition of a separating equilibrium requires 1/IJ "# 1/Jn. To see that tlrh;;; 
(Bh, Ph)= (L, ii L), recall that Lemma 8.1 implies uh(I/Jh) = uh(Bh, Ph) 2:. uh(L, it L). Now 
because the insurance company accepts this proposal, it must earn nonnegative profits. 
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Hence, we must have P• ii 8• because in a separating equilibrium, the insurance com-
pany's beliefs must place p<Obability one on the high-risk consumer subsequent to the 
high-risk consumer's equilibrium proposal But as we've argued before, these two in-
equalities imply that = (L, it L) (see, for example, Fig. 8.4). 

2. Subsequent to the low-risk consumer's equilibrium proposal, ( 8,, PI), the insurance 
company places probability one on the low-risk consumer by Bayes' rule. Accepting the 
proposal then would yield the insurance company expected profits P1 - rr 8, . Because the 
insurance company accepts this proposal by hypothesis, this quantity must he nonnegative. 

3. This follows from (I) of Lemma 8.1. 
4. According to the insurance company's strategy, it accepts policy Y,1. Because the 

high-risk consumer's equilibrium utility is we must have I 

Fig. 8.6 illustrates the policies that can arise in a separating equilibrium accord-
ing to Theorem 8.1. The high-risk consumer obtains policy '/IZ s (L , it L) and the low-
risk consumer obtains the policy .Pt =(8 t, p,), which must lie somewhere in the shaded 
region. 

Note the essential features of the set of low-risk policies. Each is above the low-risk 
line to induce acceptance by the insurance company, above the high-risk con-

sumer's indifference curve through his equilibrium policy to ensure that he has no incentive 
to mimic the low-risk consumer, and below the indifference curve giving utility u1 to the 
low-risk consumer to ensure that he has no incentive to deviate and be identi lied as a 
high-risk consumer. 

Theorem 8.1 restricts attention to those equilibria in which both consumers propose 
acceptable policies. Owing to Lemma 8.1. this is a restriction only on the low-risk consumer's 
policy proposal. When MRS1(0, 0) S. ir, there are separating equilibria in which the low-
risk consumer's proposal is rejected in equilibrium. However, you are asked to show in an 
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8.6. Potential separating equilibria. In a sepmting 
equilibrium in which bolh consumer types propose accep<able 
policies, the high-risk policy must be vZ and the low-risk policy. 
!Jt1• must be in the shaded region. Here, MRS,(O. 0) > ir. A similar 
figure arises in the alternative case, n01ing that MRS1(0, 0) > 1! 
always holds. 
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exercise that each of these is payoff equivalent to some separating equilibrium in which 
the low-risk consumer's policy ,proposal is accepted. Finally, one can show that the shaded 
region depicted in Fig. 8.6 is always nonempty, even when MRS1(0, 0) 5 fi". This requires 
using the fact that MRS,(O, 0) > 1J . Consequently, a pure strategy separating equilibrium 
always exists. 

Now that we have characterized the policies that can arise in a separating equilibrium, 
we can assess the impact of allowing policy proposals to act as signals about risk. Note that 
because separating equilibria always exist, allowing policy proposals to act as signals about 
risk is always effective in the sense that it does indeed make it possible for the low-risk type 
to distinguish himself from the high-risk type. 

On the other hand, there need not be much improvement in terms of efficiency. For 
example, when MRS1(0, 0) ::; ir, there is a separating equilibrium in which the low-risk 
consumer receives the (null) policy {0, 0), and the high-risk consumer receives the policy 
(L , it L). lltat is, only the high-risk consumer is insured. Moreover, this remains an equi-
librium outcome regardless of the probability that the consumer is high-risk!8 Thus, the 
presence of a bad apple-even with very low still spoil the outcome just 
as in the competitive equilibrium under asymmetric information wherein signaling was not 
possible. 

Despite the existence of equilibria that are as inefficient as in the model without signal-
ing, when signaling is present, there 3fe always equilibria in which the low-risk consumer 
receives some insurance coverage. The one of these that is best for the low-risk consumer 
and worst for the insurance company provides the low-risk consumer with the policy labeled 
{11 in Fig. 8.7. 

Because the high-risk consumer obtains the same policy in every separating equi-
librium, and so receives the same utility, the equilibrium outcome ( lf1, tJtl.> is Pareto efficient 
among separating equilibria and it yields zero profits for the insurance company. This out· 
come is present in Fig. 8.7 regardless of the probability that the consumer is low-risk. Thus, 
even when the only competitive equilibrium under asymmetric information gives no insur-
ance to the low-risk consumer (which occurs when a is sufficiently small), the low-risk 
consumer can obtain insurance, and market efficiency can be improved when signaling is 
possible. 

We now tu.rn our attention to the second category of equilibria. 

Pooling Equilibria 

Recall that an equilibrium is a pooling one if the two types of oonsumets propose the same 
policy. By doing so, the insurance company cannot distinguish between them. Consequently, 
the low-risk consumer will be treated somewhat more like the 'high-risk corrsumer and vice 
versa. It is fair to say that in such equilibria, the high-risk consumer is mimicking the 
low-risk one. 

To ch;u-acterizc the set of pooling equilibria, let's first consider the behavior of the 
insurance company. If both consumers propose the same rolicy in equilibrium, then the 
insurance company learns nothing about the consumer's accident probability on hearing 

'Or. at-cording to our second interpretation. regardless of the proportion of higlrnsk eonsumcn; in lhc populMion. 
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Figure 8.7. Separating equilibria. A pair of policies (1/tt,l/1{.) is the 
outcome of a separating equilibrium if and only if 1/11 -=/= 1/!h and.l/!t is in the 
shaded region. Note that (1/!f', 1/!h) Pareto dominates (1/1!, 1/fh). The 
high-risk consumer is indifferent between them as is the insurance 
company (1/1{ and 1/1;' are on the same low-risk iso-profit line, giving profits 
a:> 0). But the low-risk consumer strictly prefers 1/!f' to Vrf because by 
fact (b), MRSt(l/r/) :> J!. Consequently, among separating equillibrla, only 
those with 1/11 between o/i1 and lfrt are not Pareto dominated by some other 
separating equilibrium. 

CHAPTER B 

the proposal. Consequently, if the proposal is (B, p), then accepting it would yield the 
insurance company expected profits equal to 

p- <•rr + (1- a)rr)B, 

where, you recall, a is the probability that the consumer is low-risk. 
Let 

ft = Ct1J + (1- a)ft. 

Then the policy will be accepted if p > ft 8, rejected if p < ft 8, and the insurance company 
will be indifferent between accepting and rejecting if p = ft B. 

Owing to this, the set of policies (8, p} satisfying p = ft B will play an important part 
in the analysis of pooling equilibria. Fig. 8.8 depicts the set of such policies. They lie on a 
ray through the origin called the pooling zero-profit line. 

Now suppose that (B, p) is the pooling equilibrium proposal. According to Lemma 
8.1, we must have 

u1(8, p):;:: ii.1, 

uh(B, p) 2: 

and (8.5) 

Moreover, a<> the discussion following the lemma points out, this policy must be accepted 
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Figure 8.8. Pooling zero-profit line. 
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Figure 8.9. Pooling equilibria. The shaded region depicts the set of 
policies that can arise as pooling equilibria. 

by the insurance company. Therefore, it must lie on or above the pooling zero-profit line, 
so we must have 

p:::ftB. (8.6) 

The policies satisfying the preceding three inequalitieS are depicted by tlhe shaded 
region in Fig. 8.9. We now demonstrate that these are precisely the policies that can arise 
as pooling equilibrium 

Pooling Equilibrium Charaderization 
The policy 1/J' = (B', p') is the outcome in some pooling equilibrium if and only if it satisfies 
inequalities (8.5) and (8.6). 
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Proof: The discussion pr-eceding the statement of the theorem shows that ( B' , p' ) must 
satisfy (8.5) and (8.6) in order that 1{1' be the outcome of some pooling equilibrium. It 
suffices therefore to prove the converse. 

Suppose that 1{1' = (B', p') satisfies (8.5) and (8.6). We must define beliefs /30 and a 
strategy uO for the insurance company so that (1{1' , 1{1', u(·), /J(·)) constitutes a WJuential 
equilibrium. 

We follow the proof of Theorem 8.1 by choosing these functions as follows: 

/3(8, p) = {
a, 
o. 

CT(B, p) = {
A, 
R, 

if (B. p) = 1/t', 
if (8, p)-:./: 1/t'. 
if(B, p) = 1/t', or p ?: ft8, 
otherwise. 

Thus, just as in the proof of Theorem 8.1, the insurance company considers any 
deviation from the equilibrium proposal to have come from the high risk type. Consequently, 
it is profit-maximizing to accept a proposal (8, p)-:./: 1/t' only if p !!:,if B, as u(·) specifies. 

On the other hand, when the equilibrium policy, y/, is proposed, Bayes' rule requires 
the insurance company's beliefs to be unchanged because this proposal is made by both 
risk types. Because {J(l/t') =a, the beliefs do indeed satisfy Bayes' role. And given these 
beliefs, it is profit-maximizing to accept the policy 1/t', because by (8.6), it yields nonnegative 
expected profits. 

Thus, the insurance c.ompany's beliefs satisfy Bayes' role, and given these beliefs, 
it is maximizing expected profits subsequent to each policy proposal of the consumer. It 
remains to show that the two consumer types are maxirniz.ing their utility given the insurance 
company's strategy. 

By proposing t/1', the consumer (high- or low-risk) oblains the policy 1{1'. By deviating 
to (B, p) ¢ 1{1' , the consumer obtains the policy (0, 0) if the insurance company rejects the 
proposal (i.e., if p <it B), and obtains the policy (8, p) if it is accepted (i.e., if p?: it 8). 
Thus, proposing t/1' is optimal for risk type i =I, h if 

u;(l/t')?: u;(O, 0), 

u1(ljt') ?: u1(B, p) 
and 
for all feB S p S w. 

But these inequalities follow from (8.5) (see Fig. 8.9). Therefore, (1/t '.l/t', u(·), fJ(·)) 
is a sequential equilibrium. I 

As Fig. 8.9 shows, there are potentially many pooling equilibria. It is instructive to 
consider how the set of pooling equilibria is affected by changes in the probability, a, that 
the consumer is low-risk. 

As a the shaded area in F1g. 1!.9 shrinks because the slope of the pooling 
zero-profit line increases, while everything else in the figure remains fixed . Eventually, the 
shaded area disappears altogether. Thus, if the probability that the consumer is high-risk is 
sufficiently high, there are no pooling equilibria. 
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F"11ure 8.10. Pooling may dominau: sepantion. The best separuing 
equilibrium for consumers yields 1/11 = -ir and '1/to = t:. The 
pooling equilibrium outcome 1/11 =- >/to "'1/1' in the shaded region is strictly 
prefened by bod! risk types. Other pooli1g equilibrium ootcomes, such as 
'1/tr = '1/t• = t{t*, 1te n01. 
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As a increases, the shaded region in Fig. 8.9 expands because the slope of the pooling 
zero-profit line decreases. Fig. 8.10 shows that when a is large enough, there are pooling 
equilibria that make both consumer types better off than they would be in every separating 
equilibrium-even the low-risk consumer. This is not so surprising for the high-risk con-
sumer. The reason this is possible for the low-risk consumer is that it is costly for him to 
separate himself from the high-risk consumer. 

Effectjve separation requires the low-risk consumer to choose a policy that the high· 
risk consumer does not prefer to This restricts the low-risk consumer' s choice and 
certainly reduces his utility below that which he could obtain in the absence of the high-risk 
consumer. When a is sufficiently high, and the equilibrium is a pooling one, it is very much 
like the high-risk consumer is not present. The cost to the low-risk consumer of pooling 
is then simply a slightly inflated marginal cost per unit of benefit (i.e., if), over and above 
that which he would pay if his risk type were known (i.e., rr). This cost vanishes as a tends 
to one. On the other hand, the cost of separating himself from the high-risk consumer is 
bounded away from zero. 

The reader may have noticed that in the proofs of Theorems 8.1 and 8.2, there was a 
common, and not so appealing, component. In each case. when constructing an equilibrium 
assessment, the beliefs assigned to the insurance company were rather extreme. 

Recall that in both proofs. the insurance company's beliefs were constructed so that 
every deviation from equilibrium was interpreted as having been proposed by the high· 
risk consumer. Altbou&b there is noihing formally incorrect about this. it is perhaps worth 
considering whether or not such beliefs afe reasonable. 

Let's be clear before proceeding further. The beliefs constructed in proofs of 
Theorems 8.1 and 8.2 are perfectly in line with our definition of a sequential equilibrium 
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Figure 8.11. Are the finn's beliefs sensible? If 1/1' is a pooli11g 
equilibrium outcome, then the proposall/J" is preferred only by the 
low-risk consumer. It also lies above the low-risk zero-profit line. Such 
a policy, 1/f", always exists because 1/1' lies on or above the pooling 
zero-profit line, and MRSI(l/1') < MRSh(1/l'). 

for the insurance signaling game. What we are about to discuss is whether or not we wish 
to place additional restrictions on the insurance company's beliefs. 

A Refinement 

Are the beliefs assigned to the insurance company in the proofs of Theorems 8.1 and 8. 2 
reasonable? To see that they might not be, consider a typical pooling equilibrium policy, 
1/1', depicted in Fig. 8.11. 

According to the equilibrium constructed in the proof of Theorem 8.2, were the 
consumer to propose instead the policy Vt", the insurance company would believe that the 
consumer had a high accident probability and would reject the proposal But do such beliefs 
make sense in light of the equilibrium Vt'? Note that by proposing the equilibrium policy 
Vt'. the consumer obtains utility ur and the high-risk consumer obtains utility 
u;,. Moreover, ui < u1(1/t"), and Uh(l/t") < uJ;. Therefore, whether the insurance company 
accepts or rejects the proposal Vt'', the high-risk consumer would be worse off making this 
proposal than making the equilibrium proposall/f'. On the other hand, were the insurance 
company to accept the proposal 1/1", the low-risk consumer would be better off having 
made that proposal than having made the equilibrium proposal ,v. Simply put, only the 
low-risk consumer has any incentive at all in making the proposal 1/f", given that 1/1' is the 
equilibrium proposal. 

With this in mind. it seems unreasonable for the insurance company to believe, after 
seeing the proposal 1/f", that it faces the high-risk consumer. Indeed, it is much more 
reasonable to insist that it instead believes it faces the low-risk consumer. Accordingly, 
we shall add the following restriction to the insurance company'::; beliefs. It applies to all 
sequential equilibria, not just pooling ones. 



INFORMATION ECONOMICS 

OEFINmON 8.3 (Cho and Kreps} An Intuitive Criterion 

THEOREM8.3 

A sequential equilibrium (1/f/, u (·), fJ(·)), yielding equilibrium utilities ui and uh to the 
low- and high-risk consumer, respectively, satisfies the intuitive criterion if the following 
condition is satisfied for every policy 1/1-:f:.o/1 or 1/Jh: 

Ifu1(1/l) > u; and u 1(1/1) < uj, then /3(1/1) places probability one on risk type i:, so that 

if 
if 

i =I, 
i =h. 

Restricting attention to sequential equilibria satisfying the intuitive criterion dramat-
ically reduces the set of equilibrium policies. Indeed, we have the following. 

Intuitive Criterion Equilibrium 
There is a unique policy pair ( 1/1"1, 1/fh) that can be supported by a sequential equilibrium sat-
isfying the intuitive criterion. Moreover, this equilibrium is the best separating 
for the low-risk consumer (i.e., 1/11 =·lfr1, and 1/Jh = Vrh; see Fig. 8.7). 

Proof: We first argue that there are no pooling equilibria satisfying the intuiti-ve crite-
rion. Actually, we've almost already done this in our discussion of Fig. 8.11 preceding 
Definition 8.3. There we argued that if 1/1' were a pooling equilibrium outcome, then there 
would be a policy 1/1" that is preferred only by the low-risk type, which, in addition, lies 
strictly above the low-risk zero-profit line (see Fig. 8.11). Consequently, if the low-risk 
type makes this proposal and the intuitive criterion is satisfied, the insurance company must 
believe that it faces the low-risk consumer. Because 1/111 lies strictly above the low-risk 
zero-profit line, the insurance company must accept it (by sequential rationality). But this 
means that the low-risk consumer can improve his payoff by deviating from Vr' to 1/111

• This 
contradiction establishes the claim: There are no pooling equilibria satisfying the intuitive 
criterion. 

Suppose now that (1/11, 1/fh, aO, fJO) is a separating equilibrium satisfying the intu-
itive criterion. Then, according to Lemma 8.1, the high-risk consumer's proposal must be 
accepted by the insurance company and his equilibrium utility, u;, must be at least (see 
Fig. 8.12). 

Next, suppose by way of contradiction, that the low-risk consumer's equilibrium 
utility, ui, satisfies ui < Ut(lfr1). Let ijr1 = (B,, p1) and consider the proposaiVtt :=: (81- e, 
p1 + e) fore positive and small. Then due to the continuity of u1( ·),the following inequalities 
hold forE small enough. (See Fig. 8.12.) 

uh 2:: uJ; > uh(l/lr}, 
u1(1/lt)>ui, 
fi1 +E > g(fh- E). 

The first two together with the intuitive criterion imply that on seeing the proposal 
1/f/, the insurance company believes that it faces the low-risk consumer. The third inequality 
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Figure 8 .1l. jibe low-risk consumer can obtain 1ft 1. 
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together with the sequential rationality property of the assessment imply that the insurance 
company must accept the proposal !/If because it earns positive expected profits. 

Hence, the low-risk consumer can achieve utility ut(!/1{) > u; by proposing !/If. But 
then ui cannot be the low-risk consumer's equilibrium utility. This contradiction establishes 
that the low-risk consumer's equilibrium utility must be at least utCft1). Thus, we've shown 
that the equilibrium utilities of the two consumer types must satisfy 

u; Ut(fr1), and 

uh(l/ln. 

Now, these inequalities imply that the proposals made by both consumer types are 
accepted by the insurance company. Consequently, the hypotheses of Theorem 8.1 are 
satisfied. But according to Theorem 8.1, these two inequalities can hold in a sequential 
equilibrium only if (see Fig. 8.7} 

!/It = frt , and 

th=K 
It remains to show that there is a separating equilibrium satisfying the intuitive crite-

rion. We now construct one. 
Let !/lr = f,1 1/1:;. Todefinetheinsurancecompany's beliefs, {3(-) , in a manner 

that is compatible with the intuitive criterion, consider the following of policies (see 
Fig. 8J3). 

This is the set of policies that only the low-risk type prefers to his equilibrium policy. 

., 

II' 
'!' .. 
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High-risk 
zero-profit line 

Low-risk 

8.13. An equilibrium satisfying the intuitive criterion. 

We now define a(·) and /J(·) as 

{ 
I, 

/3( 8 , p) = 0, 

a(B. p) = {
A, 
R, 

if (B, p) E A U {1/tt) 
if (B, p) {1/tl) . 
if (B, p) = 1/f1• or p 2:. ir B. 
otherwise. 

353 

It is straightforward to check that by constriction, the beliefs satisfy the intuitive crite· 
rion. In addition. one can virtually mimic the relevant portion of the proof of Theorem 8.1 to 
conclude that the assessment ({11.1/t:. a(·), /30) constitut.es a separating equilibrium. I 

1be inherent reasonableness of the additional restriction on the insurance company's 
beliefs embodied in the intuitive criterion suggests that the separating equilibrium that is 
best for the low-risk consumer is perhaps the most likely outcome in the signaling game. As 
we've discussed before, this particular outcome can outperform the competitive outcome 
under asymmetric information. Thus, signaling is indeed one way to improve the efficiency 
of this l'lllldet 

There is another route toward improving the efficiency of competitive outcomes under 
asymmetric information. Indeed, in the insurance market of the real world, this alternative 
is the road more traveled. 

8.1 .3 SCR.EENING 
When most consumers purchase auto insurance. they do not present the insurance company 
with a policy and await a reply, as in the model of the last section. Rather, the insurance 
company typically offers the consumer a menu of policies from which 10 choose. and the 
consumer simply makes a choice. By offering consumers a menu of policies, insurance 
companies are able to (implicitly) screen consumers by tailoring the offered policies so that 
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Figure 8.14. Insurance screening 
game. Note that. unlike the figure, the 
insurance companies actually have a 
continuum of actions. Thus, this game 
is not finite. 

Insurance Company A 

"'' 
/- ---------- -, 
I _. 

'lfB 'l}tB n+ ••• \ 

Nature l 

High-risk consumer 

high-risk types are induced to choose one particular policy, and low-risk types are induced 
to choose another. We now analyze such a model 

Again, we shall formulate the situation as an extensive form game. Although it was 
possible to illustrate the essential features of signaling usingjust a single insurance company, 
there are nuances of screening that require two insurance companies to reveal. Thus, we 
shall add an additionaJ insurance company to the model.9 

As before, there will be two consumers, low- and high-risk, occurring with probability 
a and 1 -a, respectively. And again, one can interpret this as there being many consumers, 
a fraction a of which is low-risk. 

So consider the following "insurance screening game" involving two insurance com-
panies and two consumers. Fig. 8.14 depicts its extensive form. 

The two insurance companies move first by simultaneously choosing a finite list 
(menu) of policies. 

Nature moves second and determines which consumer the insurance companies 
face. The low-risk consumer is chosen with probability a, and the high-risk con-
sumer with probability 1 - a. 
The chosen consumer moves last by choosing a single policy from 'one of the 
insurance companies' lists. 

Now, because there are only two possible types of consumers, we may restrict the 
insurance companies to lists with at most two policies. Thus, a pure stra.tegy for insurance 
company j = A, B is a pair of policies llJ i = ( l/1/, l{J t). We interpret l{J/ (resp. l/1£) as the 
policy that insurance company j includes in its list for the low- (resp. high-) risk consumer. 
However, keep in mind that the low- (resp. high-) risk consumer need not choose this policy 
because the insurance company cannot identify the consumer's risk type. The consumer will 

9we could also have included two insurance companies in the signaling model. This would not have changed the 
results there i11 a11y :.igni!icant way 
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choose the policy yielding him the highest utility among those offered by the two insurance 
companies. 

A pure strategy for consumer i = l, his a choice function c;(·) specifying for each 
pair of policy pairs, ('II A, \11 8 ), an insurance company and one of its policies or the null 
policy. Thus, we always give the consumers the option of choosing the null policy from 
either insurance company even if this policy is not formally on either company's list. lbis 
is simply a convenient way to allow consumers the ability not to purchase insurance. Thus, 
c;(llJA, \11 8 )=(), 1/f), where j =A orB, and where 1/1 =1/1/. t1. or(O,O). 

As is evident from Fig. 8.14, the only nonsingleton information set belongs to in-
surance company B. However, note that no matter what strategies the players employ, this 
information set must be reached. Consequently, it is enough to consider the subgame perfect 
equilibria of this game. You are asked to show in an exercise that were the game finite (so 
that the sequential equilibrium definition can be applied), its set of sequential eqlllilibrium 
outcomes would be identical to its set of subgame perfect equilibrium outcomes. 

Again, we can split the set of pure strategy subgame perfect equilibria into two kinds: 
separating and pooling. In a separating equilibrium, the two consumer types make different 
policy choices, whereas in a pooling equilibrium, they do not. 

DEFINmON 8.4 Separa6ng and Pooling Screening fquilibrio 

LEMMA8.2 

The pure strategy sub game perfect equilibrium (\II A, \II 8 , C/( · ), ch (·))is separating tf1/11=j:. 1/lh, 
where (}1, 1/tt) = q(\IIA, \11 8), and (Jh, t/lh)= ch(\IIA, \11 8 ). Otherwise, it is pooling. 

Note then that in a pooling equilibrium, although the two types of consumers must 
choose to purchase the same policy, they needn't purchase it from the same insurance 
company. 

Analyz.ing the Game 

We wish to characterize the set of subgame perfect equilibria of the insurance screening 
game. An important driving force of the analysis is a phenomenon called cream skimming. 

Cream skimming occurs when one insurance company takes strategic advantage of 
the set of policies offered by the other by offering a policy that would attract away only 
the low-risk consumers from the competing company. The "raiding" insurance company 
therefore gains only the vel)' best consumers (the cream) while it leaves its competitor 
with the very worst consumers. In equilibrium, both companies must ensure tha1t the other 
cannot skim its cream in this way. Note that at least two firms are re.Ctuired in order that 
cream skimming becomes a strategic concern. It is this that motivated us to introduce a 
second insurance company into the model. • · 

We first provide a lemma that applies to all pure strategy subgame perfect equilibria. 

Both insurance companies earn zero expected profits in every pure strategy sub game perfect 
equilibrium. 

Proof: The proof of this result is analogous to that in the model of Bertrand clJmpetition 
from Chapter 4. 



First. note that in equilibrium, each insurance company must earn nonnegative profits 
becauseeachcanguaranteezeroprofits byofferingapairofnullpolicies in which B = p = 0. 
Thus, it suffices to show that neither insurance company earns strictly positive expected 
profits. 

Suppose by way of contradiction that company A earns strictly positive expected prof. 
itsandthatcompany B'sprofitsarenohigher than A's.Let 1/tt = (Bt. pj)and 1/tZ = <BZ , p;) 
denote the policies chosen by the low- and high-risk consumers, respectively, in equilibrium. 
We then can write the total expected profits of the two firms as 

Clearly, n strictly exceeds company B's expected profits. 
Now, we shall consider two cases. 

Case 1: 1/tt = 1/tZ = (8*. p*). Consider the following deviation by company B. 
Company 8 offers the policy pair {(B* + e, p "), (B• + e, p*)), where e > 0. Clearly, each 
consumer type then will strictly prefer to choose the policy (8* + e, p*) from company 8, 
and fore small enough, company B's expecte<! profits will be arbitrarily close to n and so 
larger than they are in equilibrium. But this contradicts the equilibrium hypothesis. 

Case 2: 1/tt = (Bt, pi) 'I 1/tZ = (BZ. p;). Equilibrium requires that neither consumer 
can improve his payoff by switching his policy choice to that of the other consumer. Together 
with this and the fact that the policy choices are distinct, the single-crossing property implies 
that at least one of the consumers strictly prefers his own choice to the other's; i.e., either 

uJ{lflt} > u,(l/tZ), 
uh(l/tZ) > u.(l/tt). 

or (P.I) 
(P.2) 

Suppose then that (P.l) holds. Consider the deviation for company 8 in which it offers 
the pair of policies 1/tf = (B,* + e, pi) and = (BZ + {J, pj,), where e, {J> 0. 

Clearly, each consumer i = /, h strictly prefers policy 1/t{ to 1/t;". In addition, we claim 
that e and p > 0 can be chosen arbitrarily small so that 

u1(1/tf) > u,(¥tf), 
uh(¥tf) > uh(l/t,') . 

and (P.3) 

(P.4) 

To see this, note that by (P.I). (P.3) will hold as long as e and {J are small enough. Inequality 
(P.4) then can be assured by fixing {J and choosing e small enough, because for P > 0 and 
fixed, we have 

where the weak inequality follows because, in equilibrium, the high-risk consumer cannot 
prefer any otlter policy choice to his own. See Fig. 8.15. 

But (P.3) and (P.4) imply that subsequent to B's deviation, the low-risk consumer 
will choose the policy >/!{.and the high-risk consumer will choose the policy 1/tt. For e 

T 
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Flpre 8.15. A difficult case: P 
Depicted is the most trouble.1ome 
cue in which (P. l ), • • 
u; • u1(¢1') > u1(,Y0) holds, bur · 
u; a u6(Y,;)=11•(t/l,'} so !hat 
(P.2) does not bold. For each 
fJ > 0, !here is t > 0 small 
enoughs.o!haru! •u,(l{t:)> 
11: • u.(tf). When the pollcies 
tf and 1{tf are available. 1/t,' is 
strictly best for !he low-risk 
consumer and tt is strictly 
for !he high-risk consumer. 

and fJ small enough, this will yield company B expected profits arbilrlllily close to n and 
therefore strictly above B's equilibrium expected profits. But this is again a contradiction. 

A similar argument leads to a contradiction if instead (P.2) holds. so we conclude 
that both insurance companies must earn :u:ro expected profits in every subgamc perfect 
equilibrium. I 

Pooling Equilibria 

One might suspect that the set of pooling equilibria would be whinled down by the cream-
skimming phenomenon. Indeed, the setting seems just right for crum skimming wben 
both types are treated the same way. This inruition rurns out to be correct with a 
vengeance. Indeed, cream skimming eliminates the possibility of any pooling equilibrium 
at all. 

Nonexistence ol Pooling Equilibria 
an no pooling in insurance scruning game. 

Proof: We shall proceed by way of contradiction. 
Suppose the policy 'It• = cs•, p") is cbosen by both consumers a subgame perfect 

equilibrium. By Lemma 8.2, the total expected profits of the two insurance companies must 
• . 

rx(p'- tr 8')+ (I- rxXp'- ff 8') = 0. (P. I) 

Consider first the case in which 8' > 0. Then (P. l) implies that 

p"-7]8.>0. (P.2) 

Consequently, p• > 0 as well, so thatt/t' does not lie on either axis as in Fig. 8.16. 
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Figure 8.16. '/!*lies on neither axis. 

CHAPTER 8 

p 

L----------------------· 0 

By the property, there is a region, R (see Fig. 8.16), such that 1/J* is the limit 
of policies in R. Let 1/11 be a policy in R very close to 1/1". 

Suppose now that insurance company A is offering policy 1/t* in equilibrium. If 
insurance company B offers policy 1/J', and only 1/f', then the consumer will 
choose policy 1/J* (or one he is indifferent to) from the first insurance company, whereas the 

consumer will purchase 1/1' from insurance company B. If 1/1' is close enough to 
1/f*, then by (P.2), insurance company B will earn stricdy positive profits from this 
skimming deviation, and so must be earning strictly positive profits in equilibrium. But this 
contradicts Lemma 8.2. 

Consider now the case in which B • = 0. By (P. 1 ), this implies that p* = 0 as well. 
Thus,l/1* is the null policy, as in Fig. 8.17. But either company now can earn positive profits 
by offering the single policy (L, it L +e) where e > 0 is sufficiently small. It earns strictly 
positive profits because it earns stricdy positive profits on both consumer types (it is above 
both the and zero-profit lines), and the high-risk consumer certainly will 
choose this policy over the null policy. This final contradiction completes the proof. I 

Figure 8.17, 1{1* is the null policy. p 
High-risk 

7iL --------

/-:;lin< 
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High-risk 

zero-profit line 

Low-risk 
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Figure 8.18. The only possible separating equilibrium. It 
coincides with the best separating equilibrium for consumers in the 
insurance signaling game from section 8.1.2. 

Note the importance of cream skimming to the preceding result. This is :il typical 
feature of competitive screening models wherein multiple agents on one side of :a market 
compete to attract a common pool of agents on the other side of the market by simultaneously 
offering a menu of "contracts" from which the pool of agents may choose. 

Separating Equilibria 

The competitive nature of our screening model also has an important impact on the set of 
separating equilibria, as we now demonstrate. 

Separating Equilibrium Choroclerizalion 
Suppose that 1/tt and 1/ti. are the policies clwsen by the low- and high-risk consumers, 
respectively, in a pure strategy separating equilibrium. Then 1/tt' = 1[1 1 and 1/fi. = 1/fh, as 
illustrated in Fig. 8.18. 

Note then that the only possible separating equilibrium in the insurance screening 
model coincides with the best separating equilibrium for consumers in the insurance sig-
naling game from section 8.1.1. By Theorem 8.4, this will be the only possible equilibrium 
in the game. 

Proof: The proof proceeds in series of claims. 

Claim 1. The high-risk consumer must obtain at least utility u!;. (See Fig. 8.18.) 

By Lemma 8.2, both insurance companies must earn zero profits. Consequently, 
it cannot be the case that the high-risk consumer strictly prefers the policy (L, ft L +e) 
to 1/ti.. Otherwise, one of the insurance companies could offer just this policy and earn 
positive profits. (Note that this policy earns positive profits on both consumers.) But this 
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means that 

Low· risk 
zero-profit li"ne 

8.19. A cream-skimming region. 

for all e > 0. 

CHAPTERS 

The result foiJows by taking the limit of the right-hand side as e -. 0, because (-) is 
continuous and Y,J. == (L, if L ). 

Claim 2. 1/li must lie on the /ow-risk 'll!ro-profit line. 

Note that by Claim I, 1/f; must lie on or below the high-risk zero-profit line. Thus, 
nonpositive profits are earned on the high-risk consumer. Because by Lemma 8.2 the in-
surance companies' aggregate profits are zero, this implies that ¥tt lies on or above the 
low-risk zero-profit line. 

So, suppose by way of contradiction that 1/ft = (Bt' , pj) lies above the low-risk zero-
profit line. Then p: > 0. But this means that B,' > 0 as well because the low-risk consumer 
would otherwise choose the null policy (which is always available). Thus, 1/lt is strictly 
above the low-risk zero-profit line and not on the vertical axis as shown in Fig. 8. 19. 

Consequently, reg.ion R in Fig. 8.19 is present Now if the insurance company who is 
rwt selling a policy to the high-risk consumer offers policies only strictly within region R, 
then only the low-risk consumer will purchase a policy from this insurance company. This 
is because such a policy is strictly preferred to 1/lt by tbe low-risk consumer and strictly 
worse than 1/f,' (which itself is no better than 1/f;) for the high-risk consumer. This deviation 
would then result in strictly positive profits for this insurance company because all such 
policies are above the low-risk zero-profit line. The desired conclusion follows from this 
contradiction. 

<loim 3. 1/1; = K 
By Claim 2, and Lemma 8.2, 1/f; must lie on the high-risk. zero-profit line. But by 

Claim l. uh(!/1; )::: Together, these imply that 1/lf. = 1/1{, (see Fig. 8.18). 

Claim 4. 'It,' = {!1• 

Consult Fig. 8.20. By Claim 2, it suffices to sbow tbat 'Itt cannot lie on the low-risk 
zero-profit line strictly below "¢1 (such as 1/1") or strictly above Of1 (such as Y, '). 

1 
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So, suppose first that tt = l{t' . The high-risk consumer would then strictly prefer l{t' 
to l{t{, and thus would not choose l{t/, coQtrary to Claim 3. 

Next, suppose that tt = l{t". Then the low-risk consumer obtains utility u'f in equilib-
rium (see Fig. 8.20). Moreover, region R is then present Consider the insurance company 
that does not sell l{t/, to the high-risk consumer. Let this insurance company offer any pol· 
icy strictly within region R. This policy will be purchased only by the low-risk consumer 
and will earn strictly positive profits. This conuadiction proves Oaim 4 and completes the 

I 

Note that lbeorem 8.5 does not claim that a separating screening equilibrium ex-
ists. Together with Theorem 8.4, it says only that if a pure strategy subgame perfect 
equilibrium exists, it must be separaring and the policies chosen by the consumers are 
unique. 

Cream skimming is a powerful device in this screening model for eliminating equi-
libria. But it can be too powerful. Indeed, there are cases in which no pure strategy sub game 
perfect equilibrium exists at all. 

Consider Fig. 8.21. Depicted there is a case in which oo pure strategy equilibrium 
exists. To see this, it is enough to show thar it is not an equilibrium for the low- and high-risk 
consumers to obtain the policies ift1 and •H as described in Theorem 8.5. But this is indeed 
the case, because either insurance company can deviate by offering only ihe policy l{t' . 
which will be purchased by both consumer types (because it is strictly preferred by them to 
rheir equilil.-rium policies). Cunscquenrly. this contpany will earn strictly positive expected 
profits because 1/t' is strictly above the pooling zero·profit line (which is the appropriate zero-
profit line to consider because both consumer types will purchase l{t' ) . But this contradicts 
Lemma8.2. 

Thus. when a is close enough to one, so that the pooling zero-profir line intersects 
the u1 indifference curve (see Fig. 8.21), the screening model admits no pure strategy 
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Figure 8.21. No equilibrium exists. If the best policies available for the 
low- and high-risk consumers are {11 and respectively, offering 
the policy 1/1' will attract both consumer types and earn positive profits 
because it lies above the pooling zero-profit tine. No pure strntegy 
subgarne perfect equilibrium exists in this case. 
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' 

subgame perfect equilibrium.10 One can show that there always exists a subgame perfect 
equilibrium in behavioral strategies, but we shall not pursue this. are content to note that 
nonexistence in this model arises only when the extent of the asymmetry of information is 
relatively minor, and in particular when the presence of high-risk consumers is small. 

We next consider an issue that we have so far ignored. What is the effect of the 
availability of insurance on the driving behavior of the consumer? 

8.2 MoRAIL HAZARD AND THE PRINCIPAL AGENT PROBLEM 
Insurance companies are not naive. They understand well that once a consumer has pur-
chased auto insurance, he may not drive with as much care as he did before he had insurance. 
Moreover, a consumer's incentive to drive carefully is likely to diminish with the amount 
of coverage. Unfortunately for insurance companies, they cannot observe the effort con-
sumers direct toward safe driving. Thus, they must structure their policies so that the policies 
themselves induce the consumers to take an appropriate level of c:are. 

When a principal (like the insurance company) has a stake in the action taken by 
an agent (the consumer), but the agent's action cannot be observed by the principal, the 
situation is said to involve moral hazard. The principal-agent pi'Oblem is for the principal 

10Even when the pooling zero-profit line does not intersect the iit indifference curve, an equilibrium is not 
guaranteed to exist There may still be a pair of policies such Lhat nne attracts the low-risk consumers making 
positive profits, and the other attracts the high-risk consumers (keeping them away from the first policy) making 
negative profits, so that overall expected profits are strictly positive. 

II 

-:-
'• 



tNFORMATlON ECONOMICS 363 

to.design an incentive scheme so that the agent takes an appropriate action. We now <explore 
these ideas in our insurance context. 

To keep things simple, the model we shall consider involves a single insuranc:e com-
pany and a single consumer. The consumer might incur an accident resulting in a varying 
amount of loss. There are L levels of losses, ranging from l dollar through L dollars, 
depending on the severity of the accident incurred. It is also possible that an accident is 
avoided altogether. It is convenient to refer to this latter possibility as an accident resulting 
in a loss of 0 dollars. 

The probability of incurring an accident resulting in losses of l E {0, 1, ... , L} is 
given by rr1(e) > 0, where e is the amount of effort exerted toward safe driving. As discussed 
before, it is natural to think of these probabilities as being affected by such efforts. Note 
that L 1 nt(e) = 1 for each fixed effort level e. 

To keep things simple, there are only two possible effort levels for the consumer. We 
let e = 0 denote low effort and e = I denote high effort. To capture the idea that higher effort 
results in a lower likelihood that the consumer will have a serious (i.e., expensive) ru.::cident, 
we make the following assumption. 

t\ssuM"Piiot.i 8.1 Monotone 
n 1(0)/rr1(1) is strictly increasing in l E {0, 1, ... , L}. 

The monotone likelihood ratio property says that conditional on observing the accident 
loss, l, the relative probability that low effort was expended versus high effort 
with l. Thus, one would be more willing to bet that the consumer exerted low effnrt when 
the observed accident loss is higher. 

As in our previous models, the consumer has a strictly increasing, strictly c:oncave, 
von Neumann-Morgenstern utility function, u( · ), over wealth, and initial wealth to 
w > L. In addition, d(e) denotes the consumer's disutility of effort, e. Thus, for a given 
effort level e, the consumer's von Neumann-Morgenstern utility over wealth is uO- d(e), 
where d(l) > d(0). 11 

We assume that the insurance company can observe the amount of loss, l, due to an 
accident, but not the amount of accident avoidance effort, e. Consequently, the illtsurance 
company can only tie the benefit amount to the amount of loss. Let 81 denote tht: benefit 
paid by the insurance company to the consumer when the accident loss is l. Thus, a policy 
is a tuple (p, 8 0, 8 1, •.• , BL), where p denotes the price paid to the insurance company in 
return for guaranteeing the consumer B1 dollars if an accident loss of l dollars occurs. 

The question of interest is this: What kind of policy will the insurance offer 
the consumer, and what are its efficiency properties? 

8.2.1 SYMMETRIC INFORMATION 
To understand the impact ofthe unobservability oft he consumer's accident avoidance effort, 
we first shall consider the case in which the insurance company can observe the consumer's 
effort level. 

11 All of the analysis to follow generalizes to the casein which utility takes the form u(w, e), when: u( w, 0) > u(w, I) 
for all wealth levels w 
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Consequently, the insurance company can offer a policy that pays benefits only if a 
particular effon level was t>xened. Tn effect, the insurance company crut choose the con-
sumer's effon level. 

Thus, the insurance company wishes to solve the followi ng problem: 

L 
max p- L n,(e)B,, 

«,p./le.-.,BL /..0 
subject to (8.7) 

L L rr,(e)u(w - p -l + Bt)- d(e) u, 
/ EO 

where u denotes the consumer's reservation utility. 11 

According to the maximization problem (8. 7),theinsurance company chooses a policy 
and an effon level to maximize its expected profits subject to the constraint that the policy 
yields the consumer at least his reservation utility-hence, the consumer will be willing to 
accept the terms of the policy and exen the required effon level. 

The easiest way to solve (8.7) is to assume that e E (0, I) is fixed and to then form 
the Lagrangian considered as a function of p, /Jo, ... , Be. only. This gives 

C = p - trr,(e)Bt + .l.. [ trr,(e)u(w- p - l + 8,) -d(e)- u] . 
/EO /:() 

The first-order conditions are 

ac =I- .>..[tn,(e)u'(w- p - I + Bt)] = 0, 
ap 1-o 

(8.8) 

ac '< 0 -a = - n,(e) + )..rr,(e)u w - p - l + 81) = . 
8, VI (8.9) 

ac c. 
- = I:rrt(e)u(w - p-I+ 81) - d(e) - u 0, 
a.>.. l...o 

(8. 10) 

where (8.10) holds with equality if.>..# 0. 
Note that the first condition, (8.8), is redundant because it is implied by the (L + l) 

equations in (8.9). Thus, the preceding is a system ofat most (L + 2) independent equations 
in (L + 3) unknowns. 

The equalities in (8.9) imply that.>.. > 0, and that 

u'(w- p-I + 81) = l j).., VI!: 0. 

Hence, B, -I must be constant for all I = 0. I, . . .. L . 

12Because the consumer al.-2ys eon not 10 pun:ha"' insurance. ii must be at least as large u 
ma>.<t<•.ll lrt(t)•(w -1)-d(e). However. li may be su ictly larger th>n this of. (or example. there are 
other insurunec or101panies offering policie.< to the consumer as woll. 
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Because J,. > 0, tbe first-order condition associated with the constraint must hold with 
equality. which implies fl1a1 

u(w- p-1 + Bt) =d(e)+ u. 0. (8.11) 

Because there are only (L + 2) indepemi:nt equations and (L + 3) unknowns, we 
may set Bo = O without any loss.'3 Thus, settin1 I = 0 in (8.11) gives us an equation in p 
alone and so determines p . Moreover, because 8, - I is constant for alii = 0. 1 •... , L , 
and because Bo - 0 = 0, we rhe.refore must have 

Bt = l , for all I = 0, I, ... , L. 

Therefore, for either fixed effon level e e 10. I) , the symmetric information solution 
provides full insurance to the consumer at every loss level. This is no surprise because the 
consumer is strictly risk-averse and the insurance company is risk-neutral. It is simply an 
example of efficient risk sharing. In addition, the price charged by the insurance company 
equates the consumer's utility from the policy at the required effon level with his reservation 
utility. 

Now that we bave determined for each effort level the optimal policy, it is straight-
forward to optimize over the effort lc:vel as well. Given e E (0, I J, the optimal benefit 
levels are 8 1 = I for each /, so using (8.11) the optimal price p(e) is given implicitly 
by 

u(w- p(e)) = d(e) + u. (8.12) 

Therefore, the insurance company chooses e e {0, I ) to maximize 

L 
p(e)- L ll't(e)l. 

I..IJ 

Note the trade-off between requiring high versus low effort. Because d(O) < d(l), 
(8.12) implies that requiring lower effort allows the insurance company to charge a higher 
price, increasing profits. On the other hand, requiring higher e.ffort reduces the expected 
loss due to an acddent (by the monotone likelihood ratio property; see the exercises), and 
so also increases expected profits. One must simply check which effort level is best for the 
insurance company in any specific case. 

What is important here is that regardless of which effort [eve! is best for the firm, the 
profit-maximizing policy always involves full insurance. lltis is significant and it implies 
that the outcome here is Pareto efficient. We have se.en of resull bef<'re, sc> we shall 
not givl! another proof of it. 

13!1\decd, it was clear from 1hc st.art that settin& Be= 0 was harm loss becouse changu in Be always can 
by CO<Tc.•pondio& clwtgcs in the price p and in the beufitle'<eb Bt, , .. • BL wilhovt tbe c:oosuma·s 
uulity 0< the insurance company's 



8.2.2 ASYMMETRIC INFORMATION 
We now turn our attention to the more interesting case in which the consumer's choice of 
effort cannot be observed by the insurance company. The insurance company continues to 
seek the policy that will maximize expected profits. However, if it now cannot observe the 
effort level chosen by the consumer, how should it go about choosing the optimal policy'? 

Think of the problem this way. The insurance company must design a policy with 
a desired accident avoidance effort level in mind. However, because the consumer's effort 
level cannot be observed, the insurance company must ensure that the nature of the policy 
renders it optimal for the consumer to voluntarily choose the desired effort level. 

This effectively adds an additional constraint to the insurance company's maximiza-
tion problem. The policy and effort level must be chosen not only to provide the consumer 
with at least his reservation utility; it must also induce the consumer to voluntarily choose 
the desired effort leveL Thus, the insurance company's problem is 

subject to 

L I: n1(e)u(w - p -l + 81)- d(e) U, , .. 
L L 

(8.13) 

and (8.14) 

p -1 + BI)- d(e) L 1fJ(e1)u(w- p -1 + Bt)- d(e 1
), (8.15) 

1=0 1=<0 

where e, e' E {0, 11 and e# e'. 
The new constraint is (S.l5). It ensures that e, the accident avoidance effort level that 

the insurance company has in mind when calculating its profits, is the same as that actually 
chosen by the consumer, for it guarantees that this effort level maximizes the consumer's 
expected utility given the proposed policy. 

We shall follow the same procedure as before in solving this problem. That is, we will 
first fix the effort level, e, and then determine for this particular effort level the form of the 
optimal policy. Once this is done for both effort levels, it is simply a matter of checking which 
effort level together with its associated optimal policy ma:4:imizes. the insurance company's 
profits. 

The Optimal Policy for e = 0 

Suppose we wish to induce the consumer to exert low effort. Among policies that have this 
effect, which is best for the insurance company? Although we could fonn the Lagrangian 
associated with this problem, it is simpler to take a different route. 

Recall that if the incentive constraint(8.15) were absent, then the optimal policy when 
e =0 is given by choosing p, Bo, ... , BL to satisfy 

u(w- p) = d(O) + u. 
I =0. I . ... _L. (8.16) 

1 
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Now, adding the incentive constraint to the problem cannot increase the insurance 
company's maximized profits.·Therefore, if the solution to (8.16) satisfies the incentive 
constraint, then it must be the desired optimal policy. But, clearly, the solution does indeed 
satisfy (8.15). Given the policy in (8.16), the incentive constraint when e = 0 redu(:es to 

d(O) o, d(l), 

which holds (strictly) by assumption. 
Consequently, inducing the consumer to exert low effort in a manner that maximizes 

profits requires the insurance company to offer the same policy as it would we1:-e effort 
observable. 

The Optimal Policy fore= l 

Suppose now that we wish to induce the consumer to exert high effort. To find the optimal 
policy for the insurance company, we shall consider the effort level as fixed at e = 1 in 
the maximization problem (8.13). Thus, the maximization is over the choice variables 
p, Bo •... , BL. Also, because e = 1, }Ve have e' = 0 in the incentive constraint (8.15). 

The Lagrangian for this problem is then 

C = p- t;r1(1)B1 + p-I+ B1)- d(1)- a] (8.17) 
1=0 /=0 

+ (w- p-I+ 8 1)- d(l)- (t;r,(O)u(w- p-I+ B!)- ,d(O))]· 
/=0 1=0 

where A and {3 are the multipliers corresponding to constraints (8.14) and (8.15), resp•ectively. 
The first-order conditions are 

aC = 1-·[t (n1(1) + n,(O)))u'(w- p-I+ B,)] = 0, 
ap t=o 
ac · 
- = -;r,(l)+ [h/(1)+ n,(O))]u'(w- p-I+ B,) = 0, VI, aB, 
ac ' - = L.:.>·r(l)u(w- p -l + B1)- d(l)- U 0, 
OA I=O 

ac ' - = L (rr1(1)- n,(O))u(w- p-I+ 81)+ d(O)- d(1) 0, 0, 
0{3 1=0 

where (8.20) and (8.21) hold with equality if A'# 0 and {3 =1- 0, respectively. 

(8.18) 

(8.19) 

(8.20) 

(8.21) 

As in the previous problem, the first of these conditions (8.18) is implied by the next 
L +I given in (8.19). As before, this redundancy will allow us to set Bo = 0 without loss 
of generality. 
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Now, (8.19) can be rewritten as 

I =A. + /3[! _ 11'/(0)"1 . 
u'(w - p :1- Bt - I) 11t(l)j 

(8.22) 

We now argue that both >.. and f3 are nonzero. 
Suppose that fJ = 0. Then (8.22) would imply that the left-hand side is constant in 

I, which implies that w- p + 81 - 1 is constant in I. But this cannot bold because then 
condition (8.21) fails, as its left-hand side reduces tod(O)- d(l), which is strictly negative. 
We conclude that fJ :F 0. 

To see that >.. :F 0, first note that the monotone likelihood ratio property implies that 
there is an I such that rr1(0) :F rrt( l ). Because :[1 rrt(0) = :L:1rrt(l) = 1. there must exist/ 
and/' such that n 1(0) > rr1(1), and rrt·(O) < lrJ•(I ). Consequently, the term in square brackets 
in (8.22) takes on both positive and negative values. 

Now, if>..= 0, then because fJ ¥0, the right-hand side of (8.22) takes on both positive 
and negative values. However, the left-hand side is always strictly positive. Therefore,>.. :F 0. 
Indeed. this argument shows that>..> 0. 

The fact that both J. and tJ are nonzero implies that both constraints. (8.20) and (8.21 ), 
are binding in the optimal solution. Thus, the consumer is held down to his reservation utility, 
and he is just indifferent between choosing high and low effort. 

To gain more insight into the optimal policy for e = I , it is helpful to sbow that 
tJ > 0. So suppose lhat fJ < 0. The monotone likelihood ratio property then implies that 
the right-hand side of (8.22) is strictly increasing in/. Consequently u'(w- p + 81 - /) 
is strictly decreasing in l, so that 81 - I, and lherefore u(w- p + 81 -/) are strictly in-
creasing in l. But the latter together wi th the monorone likelihood ratio property imply 
that :[1(rr1(1)- rr1(0))u(w- p+ 81 -I) < 0 (see E!tercise 8.1 1). This contradicts (8.21 ), 
because d(O) < d(l). We conclude that tJ > 0. 

Now because tJ > 0, the monotone likelihood ratio property implies that the right-
hand side of (8 .22) is strictly decreasing, so that u' (w- p + 81 - /)is strictly increasing. 
Consequently, the optimal policy must display the following feature: 

I - 81 is strictly increasing in/ = 0 , 1 .. . . , L . (8.23) 

Recall that we may set Bo = 0 without any Joss of generality. Consequently, condition 
(8.23) indicates that the optimal high-effort policy does not provide full insurance-rather, 
it specifies a deductible payment that increases with the size of the loss. 

This is, of course, very intuitive. To give the consumer an incentive to choose high 
effort, there must be something in it for the consumer. When / - 8, is strictly increasing, 
there is a positive utility benefit to exerting high effort, namely, 

I . 

L)rt(l) - lrJ(O))u(w- p - I + Bt) > 0. 
/:{) 

That this sum is strictly positive follows rmm (8.23) and the monotone likelihood ratio 
property (again, see Exercise 8.11 ). Of course, there is also a utility cost associated with 

8 
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high effort, namely, d(l) - d(O) > 0. The optimill policy is crafted so that the utility benefit 
of high effort just equals the utility cost. 

The Optimal Policy and Efficiency 

As we have seen, the policy that is best for the insurance company differs depending on 
whether it wishes to induce the consumer to choose high or low accident avoidance effort. 
The overall optimal policy- the one that solves tbe maximization problem (8.13 )-is simply 
the one of these two that yields the larger expected profits. 

Now, suppOSe that in the symmeuic infonnation case, the optimal effort level required 
of the consumer by the insurance company is low. Then pcecisely the same (full insurance) 
policy will be optimal in the asymmetric information case. This follows because this policy 
yields tbe same expected profits as in the symi'IICrric infonflation case. and the maximum 
expected profits when e = 1 is no higher in the asymmeuic infonnation case versus the sym-
metric information case because there is an addirional constraint present under asymmeuic 
information. Consequently, because the symmeuic information outcome is Pareto efficient, 
so, too, will be the asymmeuic information outcome in this case. 

On the other hand, suppose that the optimal effort level required by the insurance 
company of the consumer is high in the symmetric information case. It may well be that the 
insurance company's maximized expected profits are substantially lower when it attemptS to 
induce high effort in the asymmetric infbnnation case. Because expected profits conditional 
on low effort are identical in both the symmetric and asymmetric information cases, it 
may then be optimal for the insurance company in the asymmeuic information setting to 
induce low effort by offering the full insurance policy. Although this would be optimal for 
the insurance company, it would not be Pareto efficient. For compared to the symmetric 
information solution, the consumer's utility is uochanged (and equal to ii), but the insurance 
company's profits are strictly lower. 

Thus. once again, the effects of asymmetric infonnation can reveal themselves in 
Pareto-inefficient outcomes. 

8.3 INFORMATlON AND MARKET PERFORMANCE 
The distribution of information across market participants can have a profound and some-
times startling impact on market equilibrium. Indeed, as we've seen in this chapter, asymmet-
ric equilibrium may cause markets to fail in that mutually beneficial trades go unexploited. 
This failure of market outcomes to be Pareto efficient is a most troubling aspect from a 
normative point of view. 

We've devoted this chapter to a careful study of just one market-the market for 
insurance.14 But the problems we've identified here are present in many other markets, too. 
Adverse selection arises in the market for used cars and in the market for labor.15 Moral 
hazard arises in the relationship, in the doctor-patient relationship, and 
even in marriages_l6 

14Much of our onalysis wM dr.twn from Rothschild Md Stigllrz (1976). 
Akcrlof ( 1970) and Sper.ce ( 1973 ). 

16See Gro.um..n aod H•n (1983) and Holm.<trom (1979. 



8.4 EXERCISES 

CHAPTFR R 

For the most part in this chapter, we've concentrated on the disease and its symp-
toms, only occasionally hinting at a potential cure. We end thi:> chapter by noting that 
very often these information problems can be mitigated if not surmounted. If adverse se-
lection is the problem, signaling or screening can help. If moral hazard is the problem, 
contracts can be designed so that the agents' incentives lead them nearer to Pareto-efficient 
outcomes. 

The analysis of markets with asymmetric information raises new questions and offers 
important challenges to economists. It is an area that offers few simple and broadly appli-
cable answers, but it is an area where all the analyst's creativity, insight, and logical rigor 
can pay handsome dividends. 

8.1 Consider the insurance model of section 8.1, but treat each insurance cumpany as if it were a risk-
neutral consumer with wealth endowment tli L in every state, where L is the size of the loss should 
one of them risk-averse consumers have an accident. Also assume that the number of risk-neutraJ 
consumers exceeds the number of risk-averse ones. Show that the competitive equilibrium derived in 
section 8.1 is a competitive equilibrium in this exchange economy. 

8.2 Suppose that in the insurance model with asymmetric information, a consumer's accident probability 
is a function of his wealth. That is, :rr = j(w). Also suppose that diffen:nt consumers have different 
wealth levels, and that f' > 0. Does adverse selection necessarily occur here? 

8.3 In our insurance model of section 8.1, many consumers may have the same accident probability. We 
allowed policy prices to be person specific. Show that, with symmetric information, equilibrium policy 
prices depend only on probabilities, not on the particular individuals purchasing them. 

8.4 Answer the following questions related to the insurance model with adverse selection. 
(a) When there are finitely many consumers, F, the distribution of consumer accident probabilities 

is a step function. Show that 8 : [0, it L]-+ {0, it L] then is also a step function and that it is 
nondecreasing. 

(b) Show that 8 must therefore possess a fixed point. 
(c) More generally, show that a nondecreasing function mapping the unit interval into itself must 

have a fixed point. (Note that the function need not be continuous! This is a special case of a 
fixed-point theorem due to Tarski (1955)). 

8.5 Suppose there are two states, 1 and 2. State I occurs with probability :rr .. and w1 denotes a consumer's 
wealth in state i. 
(a) If the consumer is strictly risk-averse and w1 i=- w2, show that an insurance company can provide 

her with insurance rendering her wealth constant across the two states so that she is better off and 
so that the insurance company earns positive expected profits. 

(b) Suppose there are many consumers and many insurance and that a feasible allocation 
is such that each consumer's wealth is constant across Suppose also that in this allocation, 
some consumers are insuring others. Show that the same wealth levds for consumers and expected 
profits for insurance companies can be achieved by a feasible allocation 1n which no consumer 
insures any other. 

8.6 (Akerlof) Consider the following market for used cars. There are many sellers of used cars. Each 
seller has exactly one used car to sell and is characterized by the quality of the used car he wishes 
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to sell. Let 9 E LO. l] index the quality of a used car and assume that 9 is uniformly distributed on 
[0, 1]. If a seller of type (} sells ,.his car (of quality 9) for a price of p, his utility is u,(p, 9). If he 
does not sell his car, then his utilitY is 0. Buyers of used cars receive utility 9 - p if they buy a car of 
quality 9 at price p and receive utility 0 if they do not purchase a car. There is asymmetric information 
regarding the quality of used cars. Sellers know the quality of the car they are selling, but buyers do 
not know its quality. Assume that there are not enough cars to supply all potential k buyers. 
(a) Argue that in a competitive equilibrium under asymmetric information, we must have E(91p) = p. 
(b) Show that if u,(p, 9)= p- 9/2, then every p E (0, 1/2] is an equilibrium price. 
(c) Find the equilibrium price when u,(p, 9) = p- -./&.Describe the equilibrium in words. In par-

ticular, which cars are traded in equilibrium? 
(d) Find an equilibrium price when u.(p, B)= p- 93. How many equilibria are there in this case? 
(e) Are any of the preceding outcomes Pareto efficient? Describe Pareto improvements whenever 

possible. 

8.7 Show that in the insurance signaling game, if the consumers have finitely many policies tirom which 
to choose, then an assessment is consistent if and only if it satisfies Bayes' rule. Concllude that a 
sequential equilibrium is then simply an assessment that satisfies Bayes' rule and is S<X}Uentially 
rational. 

8.8 Analyze the insurance signaling game When benefit B is reStricted to being equal to L. 
(a) Show that there is a unique sequential equilibrium when attention is restricted to thos.e in which 

the insurance company earns zero profits. 
(b) Show that among all sequential equilibria, there are no separating equilibria. Is this imtuitive? 
(c) Show that there are pooling equilibria in which the insurance company earns positive profits. 

8.9 Consider the insurance signaling game. 
(a) Show that there are separating equilibria in which the low-risk consumer's policy proposal is 

rejected in equilibrium if and only if MRS1(0, 0) .:'5 :it. 
(b) Given a separating equilibrium in which the low-risk consumer's policy proposal is rejected, con-

struct a separating equilibrium in which it is accepted without changing any player's e:quilibrium 
payoff. 

(c) Continue to consider this setting with one insurance company and two types of consumers. 
Also, assume low-risk consumers strictly prefer no insurance to full insurance at the high-risk 
competitive price. Show that when a (the probability that the consumer is low-risk) is low enough, 
the only competitive equilibrium under asymmetric infonnation gives the low-risk consumer no 
insurance and the high-risk consumer full insurance. 

(d) Returning to the general insurance signaling game, show that every separating equilibrium Pareto 
dominates the competitive equilibrium described in part (c). 

8.10 Consider the insurance screening game. Suppose that the insurance companies had only finitely many 
policies from which to C'?nstruct their lists of policies. Show that strategy is ;i subgame perfect 
equilibrium if and only if there are beliefs that would render the resulting assessment a sequential 
equilibrium. 

8.11 Consider the moral hazard insurance model where the consumer has the option of exe:rting either 
high or low accident avoidance effort (i.e., e = 0 or 1). Recall that n1(e) > 0 denotes the probability 
that a loss of l dollars is incurred due to an accident. Show that if the monotone likelihood ratio 
property holds so that Jri(O)/ni(l) is strictly increasing in i, then L;1L=olfi(O)xr > L;1L=U nr(l)xr for 
every increasing sequence of real numbers x 1 < x1 < · < xL. 
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8.12 Consider the mocal hazard insurance niodel. 
(a) Sbow that when infonnation is the profit-maximizing policy price is higher when low 

effort is induced compared to high effort. 
(b) Let the consun1er's reservation utility, il , be lhe highest she can achieve by exerting the utility-

maximizing effort level when no insurance is available. Suppose that when information is asym-
metric, it is impossible for the insurance company to earn nonnegative profits by inducing the 
consumer to exert high effon. Show then that were no insurance available at all, the consumer 
woald exert low effort. 

Consider once again the moral hazard insurance model. Let tlteconsumer's von NeuiTUinn·Mocgenstem 
utility of wealth be u(w)= .jW,Jet her initial weallh be wo :=$100, and suppose that there are but two 
loss levels, I = 0 and I = $5 I. As usual, there are two effort levels. e = 0 and e = I. n.e consumer's 
disutility of effort is given by the function d(e), where d(O)=O and d(l )= l/3. Finally, suppose that 
the loss probabilities are given by the following entries, where the rows correspond tn effort and the 
columns to loss levels. 

1 =0 I= 51 

e=O 1/3 2/3 
e=l 2/3 1/3 

So, for example, the probability that a loss of $51 occurs when the consumer exerts high elTon is 1/3. 
(a) Verify that the probabilities given in the table satisfy the moi\Oione lilcelihond ratio property. 
(b) Find the consumer's reservat.ion utility assuming that there is only one insurance company and 

lhat the consumer's only other option is tn self-insure. 
(c) What effort level will the consumer exert if no insurance is available? 
(d) Show that if information is symmetric, then it is optimal for the insurance company to offer a 

policy that induces high effort. 
(e) Show that the policy in part (d) will not induce higb effort if information is asymmetric. 
(f) Piod the optimal policy when information is asymmetric. 
(g) Compare the insurance company's profits in the symmetric and asymmetric inrorrnation cases. 

Also, compare the consumer's utility in the two cases. Argue that the symmetric infonnation 
solution Pareto dominates that with asymmetric information. 

T 

9. 


