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1 Introduction and Related LiteraturesA presumption in public policy is that when consumers have more information about productquality a market functions better. If consumers know more about quality, they would bemore likely to choose a product matching their needs. Furthermore, if consumers value andbuy on the basis of observable quality, sellers would see a return for investing in quality. Suchreasoning is behind the collection and dissemination of more detailed information about thequality of health and education providers (Berwick, 2002; Galvin, 1998; Institute of Medicine,2001). In probably the most ambitious national e�ort in health care, the Center for Medicare& Medicaid Services, a federal agency, has released a list of ten separate quality ratingsfor 17,000 nursing homes, with plans to follow this with ratings for home health agencies,hospitals, and possibly individual doctors.1 In this paper we challenge the presumption thatmore information is better, and show that giving consumers only a summary measure maybe better than giving them information about many dimensions of quality.Cost is one reason not to report details. Lancaster (1996) proposed that a consumerproduct or service be regarded as being composed of a set of attributes, and the complexityof product quality makes it costly to report fully. A new car, for example, has its speed andacceleration, fuel eÆciency, and reliability, among other features. Education, housing, healthcare, and other consumer goods are also multi-dimensional. Consumers are heterogeneous inthe importance they place on various elements of product quality, complicating the \what-to-report?" question. It can be observed that, in many markets, perhaps due to simple costconsiderations, summary measures of quality are all consumers have to go on: restaurantsor hotels are graded by the number of stars in a travel guide; hospitals are ranked by an1See the \Nursing Home Compare" section of the CMS website at www.medicare.gov. The major privatesector e�ort in health care is being led by the Business Roundtable under the name, the \Leap Frog Group."See www.leapfroggroup.org. 2



index of quality; consumer durables are scored, though on multiple dimensions, by ConsumerReports.An additional consideration enters when availability of information about quality is beingdecided by a public agency. Requiring producers to report elements of quality previouslyunobserved by consumers engages the public agency in an interaction with the buyers andsellers. New information alters consumers' beliefs about the quality of the good they arebuying, and new reporting requirements alter the �rm's pro�t calculus. In other words, apublic agency can decide what information to require based on strategic considerations. Thispaper studies how an information reporting requirement a�ects the eÆciency of quality choicein a context in which quality has multiple dimensions and consumers are heterogeneous intheir valuations of the elements of quality. In light of what is often seen in markets { thereporting of summary indicators { we consider a range of information reporting requirementsthat include an \averaged" quality report. By averaged we mean a single index that is aweighting of the qualities of each attribute.The paper sets out a model of a good with two dimensions of quality attributes soldto consumers with di�erent valuations of these two attributes. As in education and healthcare, cost conditions are assumed to be such that consumers at a given supplier must sharethe same quality characteristics. In Section 2, the �rm chooses qualities in the presence ofa predetermined price. Consumers buy under various conditions of information about theattributes. We characterize the �rst best qualities, and the qualities that would result inthe polar cases of no information and complete information. We show that requiring the�rm to report an index of averaged quality can improve over the full-information outcome.In Section 3, the �rm sets both price and qualities in the two dimensions, and in this caseagain, the averaged information report can be superior to full information. In Section 4 we3



move the analysis one step closer to education and health care, and let the regulator chooseboth price and the form of report, improving on the full information outcome, and in somecases, attaining eÆcient qualities.Our analysis is inspired by policy issues in education and health care, sectors whereregulators collect and publish information about the characteristics of schools, health plansand providers. Information about schools can be used to illustrate the questions we addresshere. Suppose that a school can allocate its resources to enhance quality in two dimentions,the quality for gifted students and the quality for typical students, but the school must reportonly a weighted average of the quality in the two dimensions. If quality for gifted students is90 and quality for typical students is 75, an equally weighted quality reporting requirement,to take one possible weighting, would have the school report one number: 82.5.The e�ect of information on demand is mediated by consumers' beliefs. When a parenthears \82.5," what school quality does she expect for her gifted child? The approach we takeis to assume consumers' beliefs are rational in the sense of accurately anticipating what aschool (or hospital) would do in its own interests to attain a given reported quality.2 Therational parent would make di�erent inferences when \82.5" is the equally weighted averageof the two qualities from when the averaged quality is more heavily weighted to the \typical"student. The model thus forges a connection between the choices a regulator makes aboutthe form of a quality report, and the outcomes in a market.The assumption in our model that leads to market failure in the case of full informationis elemental, stemming from the relationships between cost and demand conditions. Weassume it is impossible for cost reasons to have competition in supply of every customized2Tactics adopted by schools (in this case, colleges), such as refusing admission to \overquali�ed applicants"because it erodes a school's \acceptance rate" { a factor in the US News and World Report formula { aredetailed in Avery, Fairbanks and Zeckhauser (2003). 4



set of quality attributes demanded by consumers. Heterogeneity in demand in relation to costis more pronounced in some sectors than others, and we speak about education and healthcare as sectors in which consumers are forced to compromise among themselves on qualityattributes (Glazer and McGuire, 2002a). A single public school serves most communities,and one or a few hospitals serve most markets. Consumers value attributes of these servicesdi�erently. Informational asymmetries also characterize both of these sectors.The idea that agents do not necessarily bene�t from more information is not new to theliterature and has been demonstrated in a variety of contexts. See, for example, Hirshleifer(1971), Levine and Ponssard (1977), Sakai (1985), Gal Or (1988), Mirman, Samuelson andSchlee (1994) and Schlee (1996). The basic idea, common to all these papers, as well as ours,is that the bene�t to an agent from making better decisions when he is better informed issometimes outweighed by his loss due to the fact that other agents also behave di�erentlywhen information improves.The paper closest to ours is Schlee (1996), who studies a situation where �rms andconsumers may be uncertain about a product's quality. Since prices are determined by therelation between marginal cost (known with certainty in his model) and marginal revenueassociated with expected quality, increasing consumers' information will alter the marginalrevenue function in ways, depending on cost conditions, that may make consumers worse o�.Schlee's (1996) paper di�ers from ours in many aspects, one important one being that in ourmodel a \product" is a collection of attributes and the \quality" of a product is, therefore,multidimensional. This multidimensionality assumption enables us to address questions that,as far as we are aware of, have not yet been addressed by the literature, such as: are consumersand/or society better o� when consumers can fully observe the quality level of each of theproduct's attributes or would they be better o� observing only a summary indicator (e.g.,5



the average) of these di�erent qualities? Indeed, in our model, consumers are indi�erentbetween the case where they can fully observe the quality of each of the product's attributesand the case where they don't have any information whatsoever about these qualities, asin both cases the �rm is able to extract the entire surplus from consumers. It is only inthe \in-between" case where consumers can only observe the average quality of the di�erentattributes of the product, that consumers retain some surplus. This is also the only casewhere the �rst-best quality level can sometimes be attained. This new observation opens thedoor to a whole set of questions such as how to construct (average) quality reporting (i.e.,how much weight to assign to each attribute) if one wishes to maximize social/consumersurplus.The analysis in our paper is also related to the literature on \multitasking" (Holmstromand Milgrom, 1991; Prendergast, 1999). In a multitasking analysis, a �rm is rewarded forperformance of one among many tasks. EÆciency objectives can be frustrated if rewardingone task causes a �rm to cut back on some other unrewarded task. In a billing department,requiring all consumer inquiries to be answered within 10 days (the easily monitored elementof quality) might cause personnel to be less thorough in their responses (the diÆcult tomonitor element), leading to a fall in the overall quality of the operation. The multitaskingperspective implies that doing nothing might be better than a partial system of rewards.Although we are not aware of a multitasking paper that considers paying on averaged quality,the real di�erence between our analysis and the multitasking literature is in the mechanismof demand response for rewarding the �rm. Instead of directly structuring rewards to a �rm,in our paper, the regulator determines the forms of reports a �rm must make. Consumersthen translate these reports into demand.Our paper is also related to a literature in health care devoted to study of how health care6



providers \game" reporting and payment regulations. When providers are required to reportthe diagnosis of a patient for purposes of payment, they may report more serious (and well-paid) diagnoses (Carter, Newhouse and Relles, 1990) or even engage in procedures requiredfor documentation for payment in response to incentives (McClellan, 1997). In a recent paper,Dranove et al (2003) �nd that in response to required reports about heart surgery successrates, hospitals attempt to alter the severity of the patients they take, with the resultingreallocation of patients to hospitals having deleterious e�ects on aggregate quality of care.Demand response to mandated quality reports motivates this gaming. This is an example ofa common problem in health care: risk-adjusted payments and comparative reports may notadequately re
ect the underlying di�erences in \severity" of patients, inducing providers andplans to take actions to attract only pro�table patients (Frank, Glazer and McGuire, 2000).The actions we are concerned about here are decisions about the quality of the product. Bydeveloping a model of how a supplier responds to (\games" if you will) a requirement ofquality reporting, we can derive implications for how a regulator should decide about theform of report in the �rst place.2 The Basic Model and Preliminary ResultsA �rm produces one product. The quality of the product has two dimensions (attributes)called 1 and 2. Let qi � 0 denote the level of the ith dimension of the product's quality,i = 1; 2. Let C(q1; q2) be the cost of producing one unit of the product at quality pro�le(q1; q2).There are two (groups of) consumers called Consumer 1 and Consumer 2. Each consumerwishes to buy, at most, one unit of the product. Let Ui(q1; q2) be Consumer i's valuation ofthe product at quality pro�le (q1; q2). Because of a simpli�cation we make about preferences7



in Assumption 1 below, we can use i to index both consumers and quality dimensions.The main ideas of this paper can be illustrated with simple forms of costs and utility.We, therefore, make the following assumption:Assumption 1:(a) C(q1; q2) = C(q1) + C(q2), where C(0) = 0, C 0(0) = 0, C 0(q) > 0 and C 00(q) > 0, forall q > 0.(b) Ui(q1; q2) = Vi(qi) for i = 1; 2 and all q1 and q2 where Vi(0) = 0, V 0i (qi) > 0, V 00i (qi) < 0for all qi � 0 and V 01(q) > V 02(q) for all q � 0.(c) For a given quality level qi, Consumer i wishes to purchase one unit of the product ifand only if Vi(qi) � p, where p is the price of the product.(d) The utility functions Vi(qi), i = 1; 2, are known to the producer and the cost functionC(q1; q2) is common knowledge to the producer and to both consumers.Assumption 1(a) says that the cost of increasing quality in one dimension is the sameas the cost of increasing quality in the other dimension and is independent of the qualityof the other dimension. Assumption 1(b) says that Consumer i cares only about the ithdimension of the product's quality and that Consumer 1 values quality more than Consumer2. Assumption 1(c) says that the consumer wishes to purchase the product if its price is nothigher than its value to the consumer. The most important element in Assumption 1(d) isthat it is common knowledge that both consumers know the �rm's cost function.We assume that the �rm must o�er the same product to both consumers (i.e., the �rmcannot o�er di�erent quality pro�les of the product to di�erent consumers). LetW (q1; q2) = V1(q1) + V2(q2)� 2(C(q1) + C(q2)) (1)8



be the social welfare if both consumers purchase the product with quality pro�le (q1; q2).Let (qo1; qo2) solveV 0i (qoi )� 2C 0(qoi ) = 0 (2)for i = 1; 2, then (qo1; qo2) is the socially eÆcient quality pro�le.3 Notice that by our assump-tions qo1 > qo2. LetW o = V1(qo1) + V2(qo2)� 2(C(qo1) + C(qo2)) (3)be the �rst-best level of social surplus.2.1 Quality EquilibriumWe are now ready to analyze market equilibrium. To simplify the presentation we assume�rst that the price of the product is �xed at some level p � 0, this assumption will be relaxedin Section 3.There are two stages in our model. In the �rst stage the �rm chooses the quality pro�le(q1; q2). In the second stage consumers observe the price and possibly some informationabout the product's quality, and decide whether or not to buy the product on the basis ofits price and their beliefs about the product's quality pro�le.The equilibrium notion, to be called quality equilibrium, QE, consists of the �rm's strat-egy se = (qe1; qe2), consumers' strategies { a decision whether or not to purchase the productas a function of the product's price and their beliefs about the product's quality { andconsumers' beliefs about the product's quality, such that:43Under certain conditions social welfare may be the highest when the �rm chooses q2 = 0, q1 > 0 andonly Consumer 1 purchases the product. We do not discuss this case in our analysis.4We do not discuss mixed strategies in this paper.9



1. se maximizes the �rm's pro�t given consumers' strategies.2. Each consumer strategy is optimal, for any possible information, given his beliefs.3. In equilibrium, the consumers' beliefs are con�rmed.Our purpose is to study the e�ect of consumers' information about the product's qualityon the market equilibrium and welfare. We will consider three cases, one where consumerscannot observe the product's quality pro�le (q1; q2) at all, the other where consumers havefull information about (q1; q2) and the last one, where consumers cannot observe q1 and q2but do observe a summary indicator (a weighted average) of the two. We will show thatwhen consumers observe only some average of the two dimensions of the product's quality,social welfare may be higher than in the cases where they have either no information at allor full information about quality.2.1.1 No InformationConsider �rst the case referred to as the N case (for no-information), where the qualitypro�le (q1; q2) is not observable by consumers when they decide whether or not to purchasethe product. The following proposition is straightforward:Proposition 1: Let sN = (qN1 ; qN2 ) denote the �rm's equilibrium strategy in the N case. ThenqNi = 0 for i = 1; 2 and both consumers do not purchase the product unless p = 0. Socialwelfare in this case is WN = 0.Proof: When consumers cannot observe the product's quality the �rm has no incentives toinvest in quality and, in equilibrium, it is common knowledge that quality is at its lowestpossible level. If p > 0 both consumers will not purchase the product. �In what follows we will assume that p > 0.10



2.1.2 Full InformationConsider now the case referred to as the F case (for full-information), where consumers canfully observe q1 and q2 when they decide whether or not to purchase the product.Proposition 2: Let sF = (qF1 ; qF2 ) be the equilibrium quality pro�le chosen by the �rm, whenconsumers can fully observe q1 and q2 before deciding whether or not to purchase the product,then there exists �p such that if p � �p, the �rm will set qFi such that Vi(qFi ) = p, for i = 1; 2,both consumers will purchase the product, the �rm's pro�t will be �F = 2(p�C(qF1 )�C(qF2 ))and social surplus will beW F = �F < W o. (In Figure 1 we show the full-information qualitypro�le in this case.)Proof: In equilibrium, if the �rm sells the product to both consumers, its equilibrium strategyis the solution to the following problem (later referred to as the F problem):maxq1;q2 2(p� C(q1)� C(q2))s.tVi(qi) � p for i = 1; 2The solution to this problem yields V1(q1) = V2(q2) = p.In the full information case the �rm may be better o� selling the product only to oneconsumer. If the �rm sells the product only to one consumer, Consumer i, say, in equilibrium,then it must be that qj = 0 and qi solves:max p� C(qi)s.tVi(qi) � p:The solution to this problem yields Vi(qi) = p.11



Let (�q1; �q2), where qi > 0 for i = 1; 2, be de�ned by the following two equations:V1(�q1) = V2(�q2) (4)and V1(�q1)� C(�q1)� 2C(�q2) = 0 (5)and let �p = V1(�q1). One can see that if p = �p the �rm is just indi�erent between choosingthe quality pro�le (�q1; 0), selling only to consumer 1 and choosing the pro�le (�q1; �q2) sellingto both consumers. If p < �p the �rm is strictly better o� selling to both consumers and ifp > �p the �rm is better o� selling only to Consumer 1. Furthermore, for a p suÆciently highthe �rm is better o� not producing at all.Since Vi(qFi ) = p for i = 1; 2 we know that �F = W F and since qF1 < qF2 whereas qo1 > qo2,we conclude that W F < W o. �As shown in the proof of Proposition 2 above, there exists a price �p such that if p > �pthe �rm will be better o� not selling the product to both consumers. We do not discuss thiscase here and from here on we assume that p < �p.An important observation we make in Proposition 2 is that the �rst best quality pro�le(q01; q02) can never be an equilibrium pro�le in the full-information case. More speci�cally,even if we set p = V2(q02) we will get qF2 = q02 but qF1 < q01 and if we set p = V1(q01) we willget qF1 = q01 but qF2 > q02. This result will also be true if we let the �rm choose the price, asdiscussed in Section 3 below.
12



2.1.3 Averaged InformationSuppose now that consumers cannot observe the level of q1 and q2 but they can observesome \average" quality �q� = �q1+(1��)q2. More formally, consider the following two-stagegame:Stage 1: The �rm chooses (q1; q2)Stage 2: Each consumer observes p and �q�, where �q� = �q1 + (1� �)q2, 0 � � � 1, anddecides whether or not to buy the product.There are two interpretations of our assumption that consumers can only observe \aver-age" quality. One interpretation is that consumers can only observe a one-dimensional signalof the product's quality pro�le, such as consumers' satisfaction or the length of a waitinglist. The other interpretation, which we will elaborate on more in Section 4, is that a publicagency that can observe all dimensions of the product's quality strategically reveals only theaverage quality of the di�erent dimensions.We assume that � is common knowledge to the �rm and both consumers and let thetwo-stage game above be denoted by G�;p. We shall show that in equilibrium of G�;p the�rm generally chooses a strategy di�erent than the one it chooses in the N case and the Fcase (except for a particular level of �), and that equilibrium may be more eÆcient than theequilibria in these two cases.Notice �rst that if � = 0, the �rm's equilibrium strategy, se = (qe1; qe2), will simply beqe1 = 0, qe2 = q22, where q22 is given by V2(q22) = p and only Consumer 2 buys the product.Similarly, when � = 1 the market equilibrium is qe1 = q11, qe2 = 0, where V1(q11) = p, and onlyConsumer 1 buys the product.The more interesting case, however, is when 0 < � < 1. In order to get a better under-13



standing of what happens in this case it is worthwhile to see �rst why the full-informationequilibrium strategy sF will generally not be an equilibrium strategy for the �rm in the gameG�;p.Can (qF1 ; qF2 ) be an equilibrium strategy in G�;p? Suppose it is, and hence, by the equi-librium de�nition, the two consumers, when they observe the average quality �qF� where�qF� = �qF1 + (1� �)qF2 , infer that qi = qFi for i = 1; 2 and they both purchase the product.However, if these are the consumers' beliefs when they observe �qF� , the �rm can increase itspro�t by deviating in the �rst stage to the strategy s0 = (q01; q02) such that:5�q01 + (1� �)q02 = �qF� (6)and C 0(q01)� = C 0(q02)1� � : (7)Notice that (q01; q02) is the quality pro�le that minimizes the �rm's cost of producing aunit of the product at the \average" quality �qF� . Notice also that if the �rm deviates inthe �rst stage, from sF to s0, such a deviation will not be observed by the consumers sincethe product's average quality stays the same, �qF� . Thus, by deviating from sF to s0 in the�rst stage of the game, the �rm's revenue, in the second stage, stays the same at 2p (sinceconsumers still believe that the product's quality pro�le is (qF1 ; qF2 )) but the �rm's costs arelower since C(q01; q02) < C(qF1 ; qF2 ). Thus, sF cannot generally be an equilibrium strategy.The discussion above is essentially the proof of the following lemma, which is the heartof our analysis:5Generally, (qF1 ; qF2 ) will not satisfy equation (7) below and hence will be di�erent than (q01; q02). Thespecial case where they coincide will be discussed in Proposition 3 below.14



Lemma 1: Let (qe1; qe2) be an equilibrium quality pro�le for the �rm in the game G�;p, thenit must be that:C 0(qe1)� = C 0(qe2)1� � (8)Proof: If (q1; q2) does not satisfy (8) the �rm can pro�tably deviate to (q01; q02) keeping thesame average quality as in (q2; q2) and, hence, the same revenue, but at lower costs ofproduction. �Equation (8) above will be later referred to as the Incentive Compatible Constraint (IC).An immediate implication of Lemma 1 above is that if � = 12 the equilibrium level of qualitywill be the same in both dimensions, i.e., qe1 = qe2. Furthermore, qe1 < qe2 if and only if � < 12 .While the lemma above says what must happen along the equilibriums path, it doesnot put any restriction on consumers beliefs (about the product's quality pro�le) o� theequilibrium path. Indeed, one can show that for some 0 < � < 1, the game G�;p may havedi�erent equilibria supported by di�erent o�-equilibrium beliefs by consumers. We shallfocus our attention, however, on the market equilibrium that generates the highest pro�tto the �rm when both consumers purchase the product, denoting the �rm's strategy in thiscase by se(�; p).Proposition 3: Let se(�; p) be the �rm's strategy in the equilibrium of G�;p in which the �rmgenerates its highest pro�t and let �F be given byC 0(qF1 )�F = C 0(qF2 )1� �F ; (9)where (qF1 ; qF2 ) is the full information quality pro�le characterized in Proposition 2. Then, ifin equilibrium of G�;p both consumers purchase the product, it must be that:15



If � = �F ; qei (�; p) = qFi for i = 1; 2If � < �F ; qe1(�; p) = qF1 and qe2(�; p) > qF2If � > �F ; qe1(�; p) > qF1 and qe2(�; p) = qF2In Figure 2 the equilibrium quality pro�le is shown for G�;p.Proof: If both consumers purchase the product and (qe1(�; p); qe2(�; p)) generates the highestpro�t in equilibrium, it must be the solution to the following problem, later referred to asthe A Problem (for averaged information):maxq1;q2 2(p� C(q1)� C(q2))s.t.p � Vi(qi) for i = 1; 2:and the IC constraint (8) holds.Notice that the A Problem above is the same as F Problem, given before, with theadditional IC constraint.However, since sF = (qF1 ; qF2 ) solves the F problem and, by the de�nition of �F , at� = �F it satis�es also the additional constraint (9), it must be that sF is the solution tothe A problem at � = �F .If � < �F , the IC constraint is not satis�ed at sF and the �rm must increase q2 in orderto satisfy the constraint. Notice that the �rm cannot decrease q1 below qF1 since at qF1 wehave V1(qF1 ) = p and decreasing q1 below qF1 would mean violating the constraint V1(qF1 ) � p.Similarly, if � > �F , the �rm will keep q2 = qF2 and will increase q1 beyond qF1 to satisfythe IC constraint. �An immediate corollary of Proposition 3 is that, unlike the \no-information" and the\full information" case, where the �rm extracts the entire surplus from both consumers (i.e.,16



p = Vi for i = 1; 2), in the \averaged information" case one of the consumers obtains astrictly positive surplus, unless � = �F .An important interpretation of the results above is that if consumers cannot observeproduct quality when they decide whether or not to purchase the product, then a publicagency, a Regulator that can monitor quality, may better enhance social welfare by inform-ing consumers about only the average quality of the di�erent dimensions of the product'scharacteristics rather than the exact level of quality in each dimension. By altering �, theRegulator may a�ect q1 and q2 and, hence, W (q).3 The Firm Chooses the Price As Well As QualitySuppose that in addition to the quality pro�le (q1; q2) the �rm chooses the price of theproduct in the �rst stage of the game. In the second stage consumers observe the price,but not necessarily the product's quality pro�le, and decide whether or not to purchase theproduct on the basis of the price and their beliefs about the product's quality pro�le. Weshall let s = (q1; q2; p) denote a strategy of the �rm in this case and se denote an equilibriumstrategy.Following our discussion in the previous section we can see that if consumers have noinformation about the product's quality, equilibrium will be such that qN 01 = qN 02 = pN 0 = 0and WN 0 = �N 0 = 0. (We distinguish the cases studied in this section from the cases studiedin the previous section by adding a \prime" to the notations.)If consumers have full information about the product's quality the �rm's equilibriumstrategy will be the solution to the following problem, later referred to as the F0 problem:66Under certain conditions, equilibrium in the full information case may be such that the �rm chooses tosell the product only to Consumer 1. We do not consider this case here and focus on the case where bothconsumers purchase the product. 17



max(q1;q2;p) 2(p� C(q1) + C(q2)s.tVi(qi) � pi i = 1; 2:The solution to this problem is given in the following proposition.Proposition 4: Let sF 0 = (qF 01 ; qF 02 ; pF 0) be the �rm's strategy in the full-information equilib-rium in which both consumers purchase the product, thenpF 0 = V1(qF 01 ) = V2(qF 02 ); (10)C 01(qF 01 )V 01(qF 01 ) + C 02(qF 02 )V 02(qF 02 ) = 1 (11)and hence,W F 0 = �F 0 = V1(qF 01 ) + V2(qF 02 )� 2C(qF 01 )� 2C(qF 02 ) < W o: (12)Proof: The �rst two equations (10) and (11) follow from the maximization problem, F 0, above.The fact thatW F 0 < W o follows simply from the fact that qF 01 < qF 02 whereas qo1 > qo2. In Fig-ure 3 we show the equilibrium in this case. �When the �rm chooses the price in addition to the product's quality, it will choose thequality pro�le to be just enough so that each consumer purchases the product, i.e., Vi(qi) = pfor i = 1; 2 as given in equation (10) above. This result implies, however, that qF1 < qF2 andsocial surplus is not maximized. 18



3.1 Averaged InformationSuppose again that consumers cannot observe the level of q1 and q2 but they can observesome \average" quality �q� = �q1+(1��)q2. More formally, consider the following two-stagegame:Stage 1: The �rm chooses (q1; q2; p)Stage 2: Each consumer observes p and �q�, where �q� = �q1 + (1� �)q2, 0 � � � 1, anddecides whether or not to buy the product.Assume that � is common knowledge and let the two-stage game above be denoted byG�. The equilibrium notion to be studied here, called quality-price equilibrium, QPE, issimilar to the one de�ned in Section 2.1 above, with the only modi�cation that now the �rmchooses the product's price, in addition to quality, in the �rst stage. The �rst observationto make is that Lemma 1 still holds, since the �rm can always deviate to the lowest costquality pro�le that generates any given average quality without the consumers observing thisdeviation.The second observation to make is that, here, too there may be more than one equi-librium in the game G�. We focus again on the equilibrium where the �rm generates thehighest pro�t, denoting the �rm's strategy in this case by se(�) = (qe1(�); qe2(�); pe(�)). Theequilibrium is characterized in the following proposition.Proposition 5: Let se(�) = (qe1(�); qe2(�); pe(�)) denote the strategy that generates the highestpro�t to the �rm in a price-quality equilibrium of G�, and assume that both consumerspurchase the product in equilibrium, thena) If � = �F 0, where �F 0 is given by 19



C 0(qF 01 )�F 0 = C 0(qF 02 )1� �F 0 (13)and where (qF 01 ; qF 02 ) is given by (10) and (11), then qei (�) = qF 01 , for i = 1; 2.b) If � 6= �F 0 equilibrium will be di�erent than equilibrium in the full-information case.Proof: The equilibrium strategy se(�) solves the following problem, later referred to as theA0 Problem (for averaged information):maxq1;q2;p 2(p� C(q1)� C(q2))s.t.pi � Vi(qi) for i = 1; 2:and the IC constraint (8) holds.a) Notice that the A0 Problem above, is the same as F 0 Problem presented above withthe additional IC constraint. Hence, if � = �F 0, where �F 0 is given by part a) ofthe proposition, the IC constraint is satis�ed at sF 0 and therefore, (qF 01 ; qF 02 ; pF 0) is the�rm's equilibrium strategy in G�F 0 .b) If, however, � 6= �F 0, then the solution to the A0 Problem implies that, in addition tothe IC constraint, eitheri) pe(�) = V1(qe1(�)) � V2(qe2(�)); (14)and 20



V 01(qe1(�)) = C 0(qe1(�)) h1 + �1��� �2 � C00(qe1(�))C00(qe2(�))i (15)or ii) pe(�) = V2(qe2(�)) � V1(qe1(�)); (16)andV 02(qe2(�)) = C 0(qe2(�)) h1 + � �1���2 � C00(qe2(�))C00(qe1(�))i : (17)These results follow from the fact that the �rst order conditions for the maximizationproblem A0 above have:2� �1 � �2 = 0 (18)�2C 0(q1) + �1V 01(q1)� �3 C00(q1)� = 0 (19)�2C 0(q2) + �2V 02(q2)� �3 C00(q2)1�� = 0 (20)and �i(p� Vi(qi)) = 0 for i = 1; 2: (21)Case (i) is obtained by assuming �2 = 0 and Case (ii) is obtained by assuming �1 = 0. �21



An important observation to make here is that total consumer surplus is higher in theaveraged information case than in the full-information and the no-information case. Morespeci�cally, in both the full and no-information case, the �rm extracts all the surplus fromboth consumers, whereas in the averaged information case (and unless � = �F ) one con-sumers surplus stays at zero (Consumer 1 (2) when � < �F (� > �F )) and the other con-sumer's surplus is strictly positive.While consumers prefer the averaged information case over the full-information and theno-information case, the �rm's pro�t is the highest in the full-information case. This raisesthe question of when will the social surplus (W ) be the highest? The answer to this questionis not straightforward. One can easily construct examples where social surplus is higherunder the averaged-information case and other examples where social surplus is higher whenconsumers can fully observe product quality. One way to demonstrate the e�ect of movingaway from full information to averaged information is to look at the e�ects on W of smallchanges in � around � = �F . Let W (�) denote social surplus at equilibrium of G�, thendW e(�)d� = @W@q1 � dqe1d� + @W@q2 � dqe2d� : (22)At � = �F 0 we know that qe1 < q01 and qe2 > q02 and, hence, @W@q1 > 0 and @W@q2 < 0. Hence,we can conclude that if at � = �F , dqe1d� > 0 and dqe2d� < 0, a small increase in � will increasesocial welfare and a small decrease in � will decrease social welfare.Finally, the next corollary characterizes the equilibrium when consumers observe onlythe simple average of the two attributes of the product's quality (i.e., � = 12) and provides asuÆcient condition for social surplus to be higher in this case than social surplus in the fullinformation case. Before analyzing this case, however, it is worthwhile to note that �F 0 < 12 .This follows from Proposition 5 and the fact that qF 01 < qF 02 . Thus, observing only the simple22



average of the two dimensions of product quality instead of observing each of these twodimensions, is analogous to increasing � from �F 0 to 12 .Corollary 1: Suppose that � = 12 then,(a) qe1 �12� = qe2 �12� = q02 and pe �12� = V2(q02)(b) If q02 > qF 01 , then W e �12� > W F 0.Proof: (a) The �rst equality in (a) follows directly from the IC constraint. In order to obtainthe second equality in (a) notice that when q1 = q2 the equilibrium strategy can be writtenas the solution to the following problem:maxq2;p 2(p� 2C(q2))s.t.p = V2(q2)The �rst order condition for this problem yields:V 02 �qe2 �12��� 2C 0 �qe2 �12�� = 0 (23)and, hence, by (2), qe2 �12� = q02.(b) Since, by the assumption in (b) and the results in (a), qF 01 < q1 �12� < q01 we know thatV1 �qe1 �12��� 2C �qe1 �12�� > V1(qF 01 )� 2C(qF 01 ); (24)and, since q02 = qe2 �12� < qF 02 we know that,V2 �qe2 �12��� 2C �qe2 �12�� > V2(qF 02 )� 2C(qF 02 ): (25)23



Hence, W e �12� > W F 0. �The speci�c results presented in the corollary above are obviously driven, among otherthings, by our assumption that the cost of increasing quality is the same in the two attributesof the product. However, the main purpose of this corollary is to demonstrate that socialwelfare can be improved if instead of providing consumers with full information about eachdetail of the product's quality, we only inform them about summary indicator of the averagequality.4 Regulating the Price and �Suppose that a public regulator can set both � and the price. More formally, consider thefollowing three-stage mechanism:Stage 0: A Regulator announces � and pStage 1: The �rm observes � and p and choses q1 and q2.Stage 2: Consumers learn p, � and �q� = �q1 + (1� �)q2 and decide whether or not topurchase the product.Notice that, for every � and p chosen by the Regulator in Stage 0, the game starting inStage 1 is similar to the game G�;p studied in Section 2 above. From Proposition 3 we can seethat for every price p set by the Regulator, there exists an �, call it �F (p), such that if theregulator sets p and � = �F (p), equilibrium of G�F (p);p will coincide with the equilibrium inthe case where the Regulator only sets p and consumers have full information about quality.If, however, the Regulator sets � di�erent from �F (p), quality level in one attribute will staythe same as in the full information case but quality in the other attribute will be strictly24



higher (as long as the �rm does not move to a zero-quality equilibrium). Thus, for every p,the Regulator can increase welfare beyond the level obtained in the full information case byaltering �.4.1 Achieving First-Best QualitiesWe are now ready to show that the Regulator may be able to induce the �rst-best levels ofquality by picking the right levels of � and p.Proposition 6: Let (�0; p0) satisfy:p0 = V2(q02) (26)and �01� �0 = C 0(q01)C 0(q02) ; (27)where (q01; q02) is the socially eÆcient quality pro�le, and assume that:p0 � C1(q01)� C2(q02) > 0 (28)then, in the game G�o;po,se(�0; p0) = (q01; q02): (29)Proof: If (28) holds the �rm is better o� choosing the quality pro�le (qo1; qo2) and selling oneunit to each consumer at the price po than choosing the quality pro�le (0,0) and selling noth-ing. The rest of the proof is straightforward. �25



4.2 Regulated Prices and Demand Response to Quality in Educa-tion and Health CareThe regulated-price analysis in the previous section relates to public policy in education andhealth care. In both of these sectors, regulators mandate quality reports and much of the�nancing for education and health comes from public sources. In education, public schooldistrict budgets are driven by enrollments, the age of students and whether they enroll inspecial education or regular classrooms.7 Introduction of school choice in many jurisdictionsrequires \vouchers" or some other price-like device parents can use to direct revenue to theschool of their choice. Voucher prices are set by regulation. When students di�er in ability,schools' decisions about quality are in
uenced by the expected revenues and costs of thetypes of student they might attract (Epple and Romano, 1998).Prices paid to suppliers are highly regulated in publicly funded health care programssuch as Medicare (for the elderly and disabled) and Medicaid (for the poor and disabled),and are explicitly intended to in
uence the quality of care supplied to public recipients. Alarge literature in health care addresses the issue of how to regulate health care prices toinduce eÆcient quality (Newhouse, 2002a). The primary mechanism in this literature isbased on \demand response." Consumers observe and respond to quality. By setting theprice a provider (hospital/health plan/doctor) receives for attracting clients, the regulatorcan a�ect quality choice (See, e.g., Rogerson (1994); Ma (1994)). Heterogeneity in healthcare takes the form of heterogeneity in need/demand and cost of care. In a practice knownas \risk adjustment," health plans are paid prices that di�er according to age, gender andother characteristics of enrollees intended to give the plans incentives to be willing to serveall categories of potential enrollees (Newhouse, 2002b). Since quality of health plans consists7For a review of the state formulae for distribution of aid to the local districts, see US DoE (2001).26



of multiple attributes, the task of setting a risk adjustment policy to induce the right mix ofquality is a daunting one (Glazer and McGuire, 2002b).The literatures on risk adjustment in health care and vouchers in education take upquestions of price regulation given some degree of observability of quality on the part ofconsumers. A natural next step is to consider price regulation in conjunction with policiesto a�ect what consumers are able to observe and respond to in their choice of provider.Mandatory quality reporting and risk adjustment in health care are both policies designedto induce the right level of quality from health care providers, but they have yet to beevaluated within a uni�ed framework.5 Future ResearchInformation available to consumers about products' attributes a�ects demand, and there-fore �rms' decisions about the qualities of the products produced. Replacing the assumptionthat more information is better with analysis of how regulation of information a�ects mar-ket outcomes reveals that information about quality might best be limited, and opens manynew lines of investigation. Some assumptions in our approach should be reconsidered. Werestricted information available to consumers to that reported by regulation, whereas �rmsand consumers make decisions and interact in ways that also convey information to con-sumers. What �rms might voluntarily declare or what information consumers might investin �nding out could be in
uenced by public regulation about information reporting. Ourassumption about how consumers infer quality from reports also deserves theoretical andempirical scrutiny. The developing literature in \behavioral economics" could be used as asource of alternative assumptions about consumers' construction of beliefs.As we noted earlier, integrating the literature on price regulation with mandatory quality27



reporting is also called for. This is a general theoretical problem, but also could be pursuedwithin a particular application, in education or health care, such as the pricing and reportingrequirements set for health plans marketing to the 40 million elderly with choice of healthplan in the federal Medicare program.
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