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Abstract We analyze a model in which agents have to make a binary choice under incomplete information about the state of the world, but also care about coordination with other agents who have the same problem. In some of these situations, the larger the share choosing the same alternative, the better o¤ are agents. In others, if too many people choose the same alternative, agents could be worse o¤, due to crowding externalities. Agents receive public and private information about the state of the world. We determine whether agents rely more on private or public information, and whether or not their choice behavior is socially e¢ cient. We characterize existence conditions for equilibria in which either all available information, or only the public information is used for decisions, compare the two equilibria in terms of welfare, and analyze the e¤ects of better information. Surprisingly, increasing signal accuracy may be welfare decreasing.
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Introduction



There are many situations in which economic agents must choose between alternatives and in which they care about the fraction of the population choosing the same alternative they do. In some of these situations, the larger the share choosing the same alternative, the better o¤ are agents. In others, if too many people choose the same alternative, agents could be worse o¤, due to crowding externalities. At the same time, one of the alternatives may be intrinsically better than the other one. We consider a situation in which there is uncertainty about the optimal action, but people have public and private information about this issue. In addition, we assume that, ceteris paribus, agents would like to coordinate with a large fraction of the population. When an agent’s private information about the correct choice is in con‡ict with the publicly available information, an interesting trade-o¤ may arise where the agent must choose between what he thinks is right, and what he thinks (many) other people think is right, thereby possibly coordinating with more people. Moreover, his trade-o¤ between the two options will be in‡uenced by the decision rule that other agents follow in similar circumstances, because it in‡uences the expected number of agents with whom coordination is possible. In this paper, we study these problems in a game theoretic model of coordination with crowding externalities. An intermediate level of coordination is desirable in a number of economically important instances. In many of the classical examples from the network externality literature (for example the choice of a video recording system (VHS or Beta), or the choice between the DOS/Windows and Mac operating systems for personal computers), it is probably not true that consumers would prefer full coordination. In the long run, pricing behavior of suppliers is much more favorable for consumers if there are two approximately equal size competitors, than after there has been complete coordination of all customers on one option. Furthermore, many entertainment events such as concerts, movies and restaurants require some number of people to participate in order to generate an enthusiastic atmosphere, but at the same time, it is clear that too many people making the same choice is not optimal either, as crowding decreases the consumption quality for everybody. The same might be said of elections featuring proportional representation. Voters would like there to be a su¢ cient share in favour of their candidate so that he/she wins the election, but not such a large share that the elected o¢ cial has no checks on his/her power. Crowding externalities can also in‡uence foreign direct investment decisions. Consider a situation where a number of foreign countries simultaneously experience trade liberalization reforms and …rms from the domestic country must decide in which country to invest. Not only is it important to select a better country strictly from an investment perspective, but these …rms must also take into account the number of other …rms they expect to invest in each country. From the point of view of domes-
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tic …rms, there is some interior optimum for the number of other …rms investing in the same country. A su¢ cient number of …rms entering the same market may lead to an agglomeration of industrial activity and generate externalities through linkages between …rms and linkages between workers and customers (Krugman and Venables (1995), Krugman (1991)). In addition there may be some public good for the investing …rms that can more easily be provided if the number of investing …rms is su¢ ciently large.1 However, when too many …rms enter in the same market, this is likely to drive up input prices like wages, or decrease output prices, and therefore will decrease the pro…t each …rm can make in this market.2 In such a situation …rms seek information to help them make their investment decision. Since the countries are opening up to trade for the …rst time, there are no early movers to provide possible public information about the local economy and the environment for foreign direct investment through their performance. The only possible public information then is in the form of publicly available news; for instance on the governments’policies towards foreign direct investment. However, the quality of these public signals may not be very high, since it is hard to judge the future development of the environment based on a few pieces of information. On the other hand, private information would be in the form of independently commissioned reports, or perhaps some personal contact with experts who can better estimate the political climate and the institutional environment. In this paper we investigate the importance that economic agents place on public versus private information in this type of situation. To do so, we set up a model in which agents must choose between two possible actions. Individuals care about making the correct choice, but also about the fraction of the population that make the same choice that they do. We focus on situations in which the preferred level of coordination lies between 1=2 and the whole population, so that each player, ceteris paribus, would individually like to choose the action chosen by the majority, but increased coordination may not be socially bene…cial.3 All agents receive a public signal and a private signal and we characterize equilibrium use of these signals by agents. An agent’s signals can either be con‡icting or they can reinforce one another. We …rst show that if an agent’s private signal reinforces his public signal, then he will always follow his signal. Having shown this we turn to the more critical case of con‡icting signals. We examine two 1



Another bene…t for the managers of a …rm, if a large number of …rms invest in the same market, is as follows: If owners cannot directly observe management’s information when making the investment decision, then owners may use other …rms’ actions to judge the appropriateness of their managers’ actions. In such a world, the management prefers if many other …rms make the same decision, as it indicates that their decision was appropriate at the time when it was made. 2 Similar incentive structures are also likely to be present in other location decisions, for example in the choice problem of emigrants (should I go to America or Australia?) and in the re-development of some urban neighborhoods. 3 At the end of section 3 we analyze the case where the preferred level of coordination is less than 1/2.
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types of pure strategy equilibria–one in which agents ignore their private information in favour of the public information, and one in which every individual chooses the action that they believe is most likely to be correct. One of these two equilibrium types always exists. If the public signal is more accurate than private signals, the equilibrium in which agents ignore their private information in favour of the public information always exists and is the unique equilibrium. It is also more likely to exist the more intensely people care about coordination with many other people. If private signals are better than the public information, the equilibrium in which agents choose the action they believe is most likely to be correct always exists while the equilibrium in which agents always follow the public signal exists only for certain parameter values. If this equilibrium exists, then it is also possible for equilibria to exist in which agents who receive con‡icting signals randomize over which signal to follow. For a large set of parameters, both types of pure strategy equilibria exist simultaneously. In these situations, it is interesting to compare welfare under each. We show that if a high degree of coordination is desirable, the equilibrium in which agents ignore their private information and follow the public signal (even though their private information is better) is optimal. However, if the desired degree of coordination is su¢ ciently low, then the other type of equilibrium in which agents always heed their private information is optimal. Finally, we analyze the e¤ect of increasing signal quality. This has considerable policy relevance in situations where the policy maker can in‡uence the quality of signal. In our foreign investment example, the public information may (at least in part) be provided by the public sector, for example through the central bank or the ministry of foreign a¤airs. Since generating more accurate information presumably costs money, it is relevant to know how much better information increases agents’expected utility. Similarly, in the network externality examples, consumer reports may be an early public information source. The provision of these reports could be subsidized by the government. We show that better public information need not increase players’expected utility, but, to the contrary, may even decrease it. This can occur, for instance, when in the initial situation both types of equilibria exist, and the one with the higher expected utility is the one in which people heed their private information; in this situation, increases in public signal quality can eliminate this equilibrium type, and the remaining equilibrium in which all players follow the public signal may yield a lower expected utility for all players. Consequently, there are situations in which it is not optimal to increase public signal quality even if this could be achieved at zero costs. The same is true for the private signal, as it may cause overcrowding in situations where agents choose the action they believe is most likely to be correct. In this paper, agents use public and private information to choose between two 4



actions, whose values depend in part on the fraction of the population choosing them. This setup connects us to three di¤erent literatures; the global games, herding and network externality literatures. We discuss our connection to each in section 4. The remainder of this paper is organized as follows. In the next section we outline the model. In section 3 we characterize equilibrium behavior and derive welfare results. Section 4 compares our predictions to those in the literature. Lastly, section 5 concludes.
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Model



There is a unit mass of individuals who must make a decision between choices A and B. There are two possible states of the world, and , and ex ante each state has a probability of 1=2 of occurring. Ceteris paribus, choice A is better if the state is , and choice B is better if the state is . Each individual receives the same public signal on the state of the world which can either favor state or state . Conditional on the state being , the probability that the public signal is for is q 1=2. Each agent also receives a private signal. Private signals are iid across individuals, and correct with probability r 1=2. Payo¤s are as follows: v = sI( ; c) m(P (c) P )2 where I( ) is an indicator function that equals 1 if the agent’s choice c matches the state of the world (and is 0 otherwise), P (c) is the proportion of people making the same choice (c) and P is the optimal proportion of the population for coordination. This payo¤ function is a ‡exible form that captures the idea that individuals care about making the “correct” choice, but also about the fraction of people who make the same choice as they do, because there are externalities between the individuals. In this context, P = 1 corresponds to full coordination of all individuals being optimal, so individual i is better o¤, the more people make the same choice he does. We are interested in situations in which individuals desire an intermediate degree of coordination. We focus on cases where P 2 (1=2; 1), such that individual i is better o¤ the more people there are who make the same choice, up to P and then su¤ers from every additional individual who makes the same choice he does. While less than full coordination may be desired by players in this setup, P 1=2 still implies that each player (ceteris paribus) would like to choose the action chosen by most other players.4 The fraction s=m measures the intensity of the desire to choose the action corresponding to the state of the world versus the desire to coordinate with the majority. If s=m is small, the coordination motive is relatively strong and vice versa. 4



As stated in the introduction, we analyze the case where the preferred level of coordination is less than 1/2 at the end of section 3.
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Equilibrium Behavior and Welfare Analysis



We look for symmetric, anonymous and weakly responsive equilibria of this model. Symmetry means that all players play the same, possibly mixed, strategy: Whenever two di¤erent players observe the same signal(s), they choose to play action A with the same probability. Anonymity means that the equilibrium strategy does not condition on the name of the alternative: If the equilibrium strategy calls for a player to choose A with probability xy after receiving a public signal x and a private signal y, then the probability of choosing A after observing a public signal y and a private signal x should be yx = 5 1 xy . Anonymity seems a reasonable condition, given that we assume that a large population plays a one shot game (so there are no learning opportunities) and there is nothing to distinguish one of the alternatives a priori. In addition, we assume that equilibria are weakly responsive to information: That is, starting from a situation where not all of a player’s signals are for A and then changing either the private or the public signal to recommend A should not decrease the probability in the equilibrium strategy that the player plays A. 6 Anonymity implies that we can, without loss of generality, focus on the case that the public signal is for alternative A. We want to show …rst that, in equilibrium, every individual who also receives a private signal for A will de…nitely choose A. Let J denote the combination of public and private signals that an individual observes, where J 2 ^ ^ ; ^ ^ ; ^ ^ ; ^ ^ (the …rst letter stands for the public signal, the second for the private signal received). If an individual observes ^ ^ , the probability of the state being is Pr( j^ ^ ) =



rq Pr(^ ^ j ) Pr( ) = Pr(^ ^ j ) Pr( ) + Pr(^ ^ j ) Pr( ) rq + (1 r)(1



q)



(1)



Denote by ta the equilibrium probability of choosing action A given a private signal ^ , and by tb the equilibrium probability of choosing action A given a private signal ^ . (Remember that in all cases the public signal is ^ ). The expected payo¤ from choosing action A is UA (^ ^ ) = Pr( j^ ^ )s



m Pr( j^ ^ )[rta + (1 + (1



Pr( j^ ^ ))[(1



5



r)tb



P ]2 (2)



r)ta + rtb



2



P ]



Note that the term anonymity is often applied to the identity of players. In this case, it applies to signals not players. 6 In general, this assumption eliminates equilibria that su¤er from coordination failure. There are, for some parameter combinations, Nash equilibria that are not weakly responsive. A simple example is this: Assume m > 0 and s su¢ ciently near to 0; then there is an equilibrium in which everyone coordinates on the opposite of what is indicated by the public signal.
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for the following reason: Pr( j^ ^ ) is the probability that action A in fact matches the state of the world; in this case, the player receives the payo¤ from being correct, s, and there are rta + (1 r)tb other players who choose A, which determines the payo¤ from the coordination aspect of the payo¤ function. With probability 1 Pr( j^ ^ ), the true state is so that there is no payo¤ from being correct for someone choosing A, and coordination occurs with a percentage ta of those 1 r who also received an incorrect signal, plus a percentage tb of those who received a private signal of ^ . Similarly, the expected utility from choosing B after observation ^ ^ is UB (^ ^ ) = [1



Pr( j^ ^ )]s



m Pr( j^ ^ )[r(1



+(1



Pr( j^ ^ ))[(1



To calculate the di¤erence UA (^ ^ ) yield r+q 1 s+ rq + (1 r)(1 q) 2m(2P 1) [r2 rq + (1 r)(1 q)



(2r



1)(1



ta ) + (1



r)(1



tb )



P ]2 (3)



r)(1



ta ) + r(1



tb )



2



P ]



UB (^ ^ ), substitute from (1) and simplify to



q)]ta + r(1



r)tb +



q+r



1 2



2rq



(4)



Note that the fraction containing m is positive since P > 1=2. Also, the factors multiplying ta and tb are positive, which is intuitive: Given that, for P > 1=2, every player would like to choose the action that most other players choose, choosing A becomes the more attractive option relative to choosing B, the more other players choose A, i.e. the higher are ta and tb . Lemma 1. An equilibrium which is non-negatively responsive to information must have ta max(tb ; 1 tb ). Proof. It is immediately clear that ta tb , otherwise the probability of choosing A would be reacting negatively to private information favoring A. To show that ta 1 tb , note that 1 tb is the probability of choosing B given a public signal ^ and a private signal ^ . By symmetry, 1 tb is also the probability of choosing A given a public signal ^ and a private signal ^ . If the equilibrium strategy displays non-negative responsiveness to public information, the probability of choosing A cannot decrease when we change the public signal to ^ , and hence ta 1 tb . We are now in a position to prove that in every symmetric, anonymous and nonnegatively responsive equilibrium, a player who receives two signals for the same state of the world chooses the corresponding action with probability 1. Proposition 1. In every symmetric, anonymous and non-negatively responsive equilibrium, ta = 1. 7



Proof. The claim is that (4) is positive. The …rst term (containing s) is de…nitely positive, and the second term (containing m) is greater or equal to (substituting, respectively, ta = tb and ta = 1 tb from Lemma 1) 2m(2P 1) max (2tb rq + (1 r)(1 q)



1)(1 + 2rq



r



q); (1



2tb )(2r



1)(q + r



1) ; (5)



in the max(), either the …rst or the second term is non-negative, so that (4) is positive, as claimed. Let us now turn to the (intuitively more critical) case that the individual observes two con‡icting signals. As before, we assume that the public signal is ^ , while the private signal now is ^ . We are particularly interested in two types of pure strategy equilibria that correspond to tb = 1 and tb = 0, respectively. If tb = 1, each player chooses to follow the public signal, irrespective of his private signal. In a Public Information Equilibrium (PIE), each player chooses to follow the public signal, irrespective of his private signal. In other words, tb = 1. We call the second interesting type of equilibrium a Best Information Equilibrium (BIE). In a BIE, each individual chooses the action which is in line with their Bayesian estimate of the state of the world given their public and private information. This decision depends on the relative accuracy of the two types of signals. If the quality of public information is better than that of private information (q > r), then the BIE corresponds to tb = 1, if private information is better than public information (q > r), then the BIE corresponds to tb = 0. The probability that the state is given that the public signal is ^ , while the private signal is ^ , is q(1 r) Pr( j^ ^ ) = q(1 r) + r(1 q) The expected payo¤ from choosing action A in this situation is (using ta = 1 from Proposition 1) UA (^ ^ ) = Pr( j^ ^ )s m Pr( j^ ^ )[r + (1



r)tb



P ]2 + (1



Pr( j^ ^ ))[(1



r) + rtb



P ]2



(6)



The expected utility from choosing B after signals ^ ^ is UB (^ ^ ) = [1



Pr( j^ ^ )]s



m Pr( j^ ^ )[(1



r)(1



tb )



P ]2 + (1



Pr( j^ ^ ))[r(1



tb )



P ]2



(7)



Taking the di¤erence, substituting and simplifying yields q r s+ q(1 r) + r(1 q) m(2P 1) (q r)(2r 1) + 2tb [(q q(1 r) + r(1 q)



UA (^ ^ ) UB (^ ^ ) =



8



(8) r)2 + q(1



q)]



Consider …rst what happens when q > r (the quality of public information is better than that of private information). In this case, equilibrium behavior in a PIE and a BIE coincide. Both terms in (8) are positive, so that, for every tb 2 [0; 1]; UA (^ ^ ) > UB (^ ^ ). Consequently, the unique symmetric, anonymous and non-negatively responsive equilibrium in this case has tb = 1. This is intuitive: If public information is better than private information, it is better both from the point of view of making the right choice and from a coordination perspective. The more interesting case is clearly when these two objectives are in con‡ict, so we now turn to the case where private information is of higher quality than public information (r > q). In this case, a PIE exists when (8) is non-negative given that tb = 1, or when s m



(2P



1)



q(1



r) + r(1 r q



q)



(9)



Hence we have Proposition 2. If r > q, a PIE exists if and only if inequality (9) is satis…ed. If a PIE exists for (s; m; q; r), then it also exists for (s0 ; m0 ; q 0 ; r0 ) if s0 s, m0 m, q 0 q and r0 r. Proof. The …rst claim follows from arguments given above. The comparative static results with respect to s and m are obvious. Di¤erentiating the right hand side of (9) with respect to r yields 2q(1 q) 


1)



2r(1 r) > 0; [r q]2



so that an increase in q keeps the inequality satis…ed, as claimed. It is intuitive that a PIE exists when s=m is small, that is, if being correct is not as important as coordination with many other players. Also, when q increases, a player who receives two con‡icting signals considers it more probable than before that his private signal was wrong and the public signal was right, in which case following the public signal becomes more attractive from the point of view of being correct. A similar e¤ect arises when r decreases because then going against the public signal is less likely to involve the correct choice than before (and still does not a¤ord any coordination, as the other players continue to play the PIE). Next, we look at the existence conditions for a BIE, still in the case that q < r (so that BIE and PIE are behaviorally di¤erent). For a BIE to exist, the advantage of playing A after observing ^ ^ must be non-positive when all other players play the 9



BIE, i.e. when tb = 0. Substitution in (8) and simplifying yields as the condition for the existence of a BIE: s (2P 1)(2r 1) (10) m Hence we have Proposition 3. For q < r, a BIE always exists. Summing up what we have shown so far, an equilibrium always exists: For q > r, the PIE exists and is the unique equilibrium; all individuals follow the public signal. For r > q, the BIE always exists and the PIE sometimes exists. In this case, there are also sometimes mixed strategy equilibria that exist on a strict subset of the parameters for which the PIE exists.7



3.1



Equilibrium utility comparison



In this sub-section, we focus on the two pure strategy equilibria and compare them in terms of the expected utility that they generate for players. For this comparison to make sense, both types of equilibria have to exist, so we assume again that r > q. Expected utility in the PIE is: EUP IE = qs



m(1



P )2



(11)



In the PIE all agents follow the public signal and therefore are all together and are correct only if the public signal is correct (i.e., with probability q). In a BIE, a proportion r of the population receives the correct signal and therefore gets s and coordinates with r other agents. The rest of the population receives the false private signal and coordinates only with those who also received the wrong signal. Hence, expected utility in a BIE is EUBIE = rs



m[r(r



P )2 + (1



r)(1



r



P )2 ]:



(12)



Combining (11) and (12) we get the condition that must be satis…ed in order for the expected utility in the BIE to be greater than in the PIE: s m



(4P



3)r(1 r q



r)



(13)



If P < 3=4, then the right hand side is negative and hence the BIE is better than the PIE for all s > 0; m > 0. As expected, the BIE yields a higher expected utility if the optimal level of coordination is relatively small so that the PIE would lead to excessive crowding at one action. In a mixed strategy equilibrium, tb must be such that a player who receives ^ ^ is just indi¤erent between playing A and B, so that (8) is equal to zero. A mixed strategy equilibrium exists if and only s if r > q and m 2(2P 1)r(1 r): 7
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If P > 3=4, so that a higher level of coordination is also socially bene…cial, then the PIE may, but need not, be better than the BIE. The relative merit of the two equilibria then depends on s=m: when coordination is relatively important (s=m small), the PIE is better, otherwise, the BIE still has an advantage. r) Provided that P > 3=4, the relation also depends on r(1 r q , which is decreasing in r and increasing in q. Higher quality private information increases the likelihood that the BIE is better, while increased accuracy of the public information favors the PIE. Finally, we can also show that the critical boundary between the regions where the BIE and the PIE are better, given by (13), is sometimes in the relevant region where both BIE and PIE exist. When we compare the right hand sides of (13) and (9), we can see that the right hand side of (9) is always greater than the right hand side of (13).8 Hence, for any q, r > q and P , there exist values of s=m such that the BIE is better than the PIE, and for any q, r > q and P > 3=4, there exist values of s=m such that the PIE is better than the BIE. To sum up the results so far, we have the following Proposition: Proposition 4. 1. Agents have a higher ex ante expected utility in the BIE if and only if (13) holds. 2. Consider a point (P0 ; r0 ; q0 ) for which (13) is satis…ed with equality. Then the BIE is better (worse) for any (P1 ; r1 ; q1 ) such that P1 ( )P0 , r1 ( )r0 and q1 ( )q0 .



3.2



Welfare e¤ects of information quality changes



We now investigate the e¤ects of an increase in signal quality on the equilibrium utility of agents in the two equilibrium types. This is of particular importance if public policy can a¤ect the accuracy of signals. Suppose, for example, that the government can invest money into increasing the quality of the public signal. Leaving aside the associated costs for the government, is better public information always bene…cial? Equilibrium utility in the PIE, given by (11) is always increasing in the quality of the public signal, q, and obviously independent of private signal quality r, since private signals are discarded in a PIE. However, equilibrium welfare may also decrease if the accuracy of public information is improved. This is not a standard comparative static result, but occurs only if there is a switch in the nature of the equilibrium. An increase in the quality of the public signal may actually mean that the BIE no longer exists and cause agents to switch to the PIE.9 Consider an initial parameter setting in which both the BIE and the PIE 8



This is true because 2P 1 4P 3 and r + q 2rq > r(1 r). This is a very di¤erent mechanism through which increased signal accuracy causes equilibrium welfare to fall than in Morris and Shin (2003). Their set-up involves a unique equilibrium and therefore continuous changes in welfare. Here, very small changes in signal quality can yield large changes in 9
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exist. Suppose further that P < 3=4 such that the BIE is better than the PIE. When q increases such that it is higher than r, the BIE ceases to exist (in the sense that now all players will follow the public signal). Welfare in this PIE might be lower than expected utility in the BIE with the initial value of q. In the following example we show that such a parameter combination exists: Suppose that P = :6, r = 0:7 and initially q0 = :6. In the best information equilibrium, expected utility is EUBIE = 0:7s 0:034m. If q increases to 0:75, the unique equilibrium is that all players follow the public signal, so that EUP IE = 0:75s 0:16m. Although information quality became better through the increase in q, expected s utility in the new PIE is lower than expected utility in the BIE as long as m 2:43. We can also examine the e¤ect of increasing the accuracy of the private signal in the BIE. When we di¤erentiate expected utility in the BIE with respect to the signal quality r, we …nd that equilibrium utility in the BIE is increasing in r if and only if s > (3 m



4P )(2r



1)



(14)



Hence, as long as P > 3=4, it is guaranteed that expected utility in the BIE increases as the quality of the private signal goes up. However, when P < 3=4, equilibrium utility in the BIE might actually decrease when better information becomes available. What is the reason for this somewhat surprising result? Increased quality of information has two e¤ects: First, it becomes more likely that the signal is correct, so that the correct action can be taken more often; this is an unambiguously positive e¤ect. Second, better information will lead (in expectation) to a higher degree of concentration of players.10 The second e¤ect is bene…cial if P > 3=4, and harmful if P < 3=4. Therefore, when P > 3=4, both e¤ects work in the same direction, and better information is unambiguously bene…cial. However, if P < 3=4, then the excessive coordination e¤ect may outweigh the …rst e¤ect, so that equilibrium utility may be decreasing in signal quality. Summing up the results so far, increased quality of information may be bene…cial or harmful, depending on the circumstances. The reason is that there are two e¤ects of better information: First, players have more information about the state of the world when they have to make their decision, which is good. Second, increased information quality leads to increased coordination, whether in a BIE or even (if public information quality rises) by eliminating the BIE and replacing it with a full coordination PIE. Whether increased coordination is socially bene…cial depends on P . If P is near to 1, then the answer is a¢ rmative; however, if P is relatively small, the coordination e¤ect of increased information is detrimental and may outweigh the positive e¤ect of a more informed choice. equilibrium utility. 10 Suppose that private information quality is quite bad; in this case, the population will approximately split in a BIE in equal shares on the two available choices. However, if private signal quality is high, then most players will be concentrated (at the correct choice).
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3.3



PIE and BIE for P < 1=2



If P < 1=2, players ceteris paribus prefer the action chosen by fewer members of the population. In this case, the equilibrium may look substantially di¤erent from what we have analyzed so far. In particular, if individuals are very keen on avoiding the congested option, then information (whether private or public) cannot be used in a responsive pure strategy equilibrium, especially if the information is likely to be correct. For example, suppose that r is very close to 1, that P is close to 0, and that s=m is very small, so that a player’s foremost objective is to be at the non-congested choice. If every player who got a signal for A actually chose A, then crowding at A would be very likely and so players would therefore prefer to choose B. Also, it cannot be an equilibrium that everyone in this situation chooses B, and so neither a PIE nor a BIE exist. In such a situation there will only be a mixed strategy equilibrium. In the following, we do not aim to give a complete characterization of the equilibrium for all parameter cases (as we did for the case of P 1=2). Rather, we want to analyze when the two equilibrium types, the PIE and the BIE, continue to exist for P < 1=2. Consider …rst the PIE. The decisive condition for existence is still given by (8) with tb = 1 since in a PIE agents ignore their private information. If q < r, the condition can be rearranged to (9), which cannot be satis…ed for P < 1=2. Hence, for q < r, no PIE exists for P < 1=2. Intuitively, if q < r, then for an individual who receives two con‡icting signals, following his private signal is better both for choosing the action appropriate for the expected state of the world, and for avoiding congestion. If q > r, a PIE requires that choosing the action that matches the state is su¢ ciently important relative to avoiding congestion: s m



(2P



1)



q(1



r) + r(1 r q



q)



:



(15)



(This is the same equation as (9), except that q > r changes the direction of the inequality). Let us now turn to the BIE, which is observationally di¤erent from the PIE only if r > q. Again, the decisive condition for existence is given by (8) which, since in the BIE tb = 0, is negative and can be rearranged to yield s m



(1



2P )(2r
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Also, it must be true that a player who receives two congruent signals is willing to follow these signals, as in condition (4) (with ta = 1 and tb = 0 for a BIE). Rearranging yields s 2r2 3r + 2rq + 1 q (1 2P ) (17) m r+q 1 which when simpli…ed is equivalent to (16) so that only (16) needs to be checked for the existence of a BIE. A su¢ cient condition for (16) to hold is s=m 2. Therefore, 13



if avoiding congestion is not too important, a BIE exists for all values of P < 1=2 and r > q. As the welfare comparison between the two types of equilibria (if they both exist) proceeds exactly as in the basic model, Proposition 5 implies that, for P < 1=2, the BIE is always better than the PIE, if both exist. Intuitively, there is less coordination in a BIE than in the PIE, which is bene…cial from a social point of view.
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Related literature



In this section, we want to place the present paper in the previous literature. As mentioned, the three main related strands are the global games, herding and network externality literatures. Our model is a “global game”, originally analyzed by Carlsson and van Damme (1993), and de…ned by Morris and Shin (2000) as a game of incomplete information in which uncertain economic fundamentals are summarized by a state of the world and each player has di¤erent noisy information on the state. If the noise technology is common knowledge among the players, then, using their information, each player forms beliefs about economic fundamentals, beliefs about the other player’s beliefs about fundamentals, and so on.11 Our model is a global game in which a player’s utility depends on his own action, the state of the world and on coordination with other players. Agents use their private information, if they have any, and the publicly available information to choose between two alternatives, whose values depend in part on the fraction of the population choosing them. We can compare our results to those obtained by Morris and Shin (2003 and 2000). Morris and Shin (2003) analyze a setting in which people receive both public and private information, and have to pick a number from an interval. The agents’utility function contains a “beauty contest” term: They would like to be close to actions chosen by other players, but also bene…t when other players have larger utility losses from being far away from other players’ actions; on aggregate, both of these terms cancel out in Morris and Shin’s model, for every pair of strategies used by players. Hence, players play a zero sum game with respect to the beauty contest part of their objective function, which makes it di¢ cult to interpret this term as players exerting either a positive or negative externality on each other, as in our model, and to see the consequences of di¤erent forms of externalities on the equilibrium. In contrast, in our model, the optimal coordination level P captures whether full coordination on one action is socially optimal (i.e., P close to 1) or whether a more or less equal distribution of players on the actions is optimal (P close to 1=2). In our model, equilibrium behavior is more likely to involve agents playing the best information 11



For a review of the global games literature, see Morris and Shin (2000) and Glaeser and Scheinkman (2002).
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equilibrium when P is close to 1=2 and more likely to involve agents ignoring their private information when P is close to 1. We also analyze situations where the crowding e¤ect is very strong (P less than 1=2). In these situations it is possible that neither a PIE nor a BIE exists. Such situations are also the subject of a recent paper by Karp, Lee and Mason (2004) who …nd that if public information (there is no private information in their setup) indicates that a particular action is better, individuals are less likely to take that action in order to avoid crowding. Our welfare results on the e¤ects of information changes are related to those in Morris and Shin (2003), but there are also some important di¤erences. In Morris and Shin (2003), increased quality of private information always increases welfare while increased precision of the public signal may decrease welfare; in particular, the latter will happen for increases in public signal quality when the initial quality of public information is low relative to the quality of the private information. In our model, expected utility in the PIE (BIE) depends only on public signal quality (private signal quality). Both increases in public and private signal quality have ambiguous e¤ects: Increased quality of private information may lower welfare in the BIE when P is small, and will increase it otherwise. Increased quality of public information increases utility as long as before and after, a PIE is played; however, an increase in q may also eliminate the existence of a BIE, in which case welfare may decrease. The latter e¤ect is qualitatively di¤erent from the e¤ect in Morris and Shin (2003) as in their paper, equilibrium utility can decrease with better information without changing the type of equilibrium played.12 Morris and Shin (2000, section 3) also analyze the Carlsson and van Damme (1993) model where two players have to make a simultaneous binary decision about whether or not to invest. If a player invests, he bene…ts from other players choosing to invest as well. In our terminology, this model has P = 1, since complete coordination is optimal.13 Whether investment is bene…cial also depends on the state of the world, for which players receive a public and a private signal. They show that public information is overemphasized relative to private information, because each player expects the other player to be more likely to invest if the public signal is good than if it is bad, and investment decisions are strategic complements. Moreover, public information remains important for the equilibrium behavior even in the limiting case that private information is much better than public information. In our model, the PIE can exist even when private information is better than public information.14 However, if the payo¤ to choosing the correct alternative is large relative 12



In fact, in Morris and Shin (2003), there is always a unique equilibrium so that equilibrium switching e¤ects as response to better information quality cannot occur. 13 Note, however, that players in Morris and Shin (2000) only care about coordination if they choose the investment action. In our model, the coordination payo¤ is equal for both available actions (which we interpret as alternative investment possibilities, rather than as “investment” and “no investment”. 14 In our PIE, no private information at all is used, while in Morris and Shin (2000), there are always
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to the payo¤ to coordination, then the PIE ceases to exist when the quality of the public signal decreases and the BIE is more likely to exist. As in the herding literature (see, e.g., Bikhchandani, Hirshleifer and Welch (1992); Banerjee (1992), Burguet and Vives (2000)), our main theme is the use of private and public information in decision making, and in particular the analysis of the circumstances that lead to an equilibrium underuse of privately available information. However, there are two important di¤erences between the herding literature and this paper. First, the herding literature uses a setup in which agents move sequentially; hence, if all early individuals revealed their private information through their actions, later individuals, after su¢ ciently many observations, could choose under (almost) perfect information on the state of the world. However, because agents care only about their own payo¤, they disregard the informational externality from their actions, and this leads to an early development of herd behavior, possibly before information was correctly aggregated. In our model, agents move simultaneously and so the amount of information available for each agent is exogenous in our model. Second, in our model, the strategic interaction between players depends on the fact that players care about other players’ actions, and that players may use their available information in di¤erent ways in di¤erent equilibria. On the other hand, the herding literature focuses on the informational externality in sequential information transmission and does not consider utility to depend directly on how many other players choose the same action. The direct externality that we focus on may be important in many of the motivating examples of the herding literature. Scharfstein and Stein (1990) report the following explanation for the pre-October 1987 bull market (p. 465): “The consensus among professional money managers was that price levels were too high. (...) However, few money managers were eager to sell their equity holdings. If the market did continue to go up, they were afraid of being perceived as lone fools for missing out on the ride. On the other hand, in the more likely event of a market decline, there would be comfort in numbers –how bad could they look if everybody else had su¤ered the same fate?”. The comfort-in-numbers argument can be interpreted as a positive externality (among managers) from coordination. However, with respect to the modeling of the information transmission in this setting, there are actually two possible interpretations. In the …rst one (implicitly endorsed by Scharfstein and Stein, who go on to build a model of reputational herding), managers did not sell because there were other managers who were moving earlier and did not sell (and hence revealed their positive information). Information transmission here occurs through actions, but rational play by later movers leads to uniform actions (“herding”).15 However, a second possible interpretation of the su¢ ciently extreme realizations of the private information that a player invests. 15 Similarly, Caplin and Leahy (1994) consider situations in which agents receive private information on the quality of investments. Negative information might initially be ignored due to commitments
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observed phenomenon is more in line with our modeling approach: While no manager saw the actions of other managers, there was some public information in the market that every agent could see, and managers coordinated their actions on this public information while ignoring their private signals that contradicted the public information. Although they are not the focus of the herding literature, consumption/network externalities have been examined by economists (Katz and Shapiro (1985), (1986), (1994)). However, in this literature little work has been done that investigates situations in which agents must choose between alternatives for which there is uncertainty regarding both the quality of each alternative and regarding which alternative will achieve coordination. An exception is Jeitschko and Taylor (2001). In their paper individuals must choose between investing and not when there is uncertainty over the payo¤ from investing. Moreover, the return to a successful investment depends positively on the number of other individuals investing also. Information in their model is private and comes from observing one’s investment outcome in each period. Even if the payo¤ from investing is quite high, because of the network externality, the negative experiences of some agents can lead to coordination avalanches.
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Conclusion



In this paper we develop a model in which agents must choose under incomplete information about the state of the world between two alternatives whose values depend in part on the fraction of the population choosing them. Agents receive public and private information about the state of the world. We examine equilibria in which either all available information, or only the public information is used for decisions. We analyze conditions under which each equilibrium exists, compare the two types in terms of welfare, and analyze the e¤ects of better information. We …nd that improving the accuracy of the public signal may be welfare decreasing. Another interesting question to which our model could be applied is cultural transmission. In particular how (lifestyle) choices made by a child are in‡uenced by his family and society at large. Previous literature (see Bisin and Topa (2003) and Bisin and Verdier (2001)) study the question of cultural transmission (e.g., the choice of religious a¢ liation), but do not explicitly model this as a choice problem for children (in their model, the choice of children is a stochastic function of parents’in‡uence activities). In our model, one can interpret the “private signal”as the behavior of the child’s family and the “public signal” as some general public information about the merits of and routines that are costly to adjust. Only when agents’private information is su¢ ciently negative will they alter their behavior, and therefore, in so doing, will reveal to other agents how bad their signals are. If a su¢ cient number of agents alter their behavior at the same time, the market may view the sum of their actions as an indication of very bad news and the market may crash.
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di¤erent actions. This approach would view this choice as an optimal decision by the child that also depends on the decision rule adopted by other children facing the same choice, if coordination is important. This is the subject of ongoing research.
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