









	
 Home

	 Add Document
	 Sign In
	 Create An Account














[image: PDFKUL.COM]






































	
 Viewer

	
 Transcript













Incentives, Socialization, and Civic Preferences



I



Sung-Ha Hwanga,∗, Samuel Bowlesb a



School of Economics, Sogang University, Seoul, Korea b Santa Fe Institute, U.S.A.



Abstract We explore the problem facing a sophisticated social planner who is aware that incentives designed to alter the economic costs and beneﬁts of the targeted behaviors may also aﬀect preferences in the long run. We address the case where explicit incentives such as subsidies, taxes, and ﬁnes may alter the process of cultural transmission, leading fewer people to adopt civic preferences, that is, ethical, other regarding or intrinsic motivations to contribute to a public good. This form of cultural crowding out may result when incentives make an act of generosity a noiser signal of the individual’s type and when cultural transmission is based not only on payoﬀs but also conformism. We characterize optimal incentives selected by a sophisticated planer seeking to increase the fraction of the population with civic preferences, and by a naive counterpart who is unaware of the possible crowding out eﬀects on the cultural transmission process. Our ﬁrst result is that in the presence of crowding out, the sophisticated planer may make greater use of incentives than the naive planner, rather than the opposite, as is commonly assumed. This same result also holds if in addition to using economic incentives the planners may also engage in moral suasion in the form of schooling or other types of socialization. Because in this case incentives and socialization are substitutes, two further results follow: A planner (sophisticated or naive) may specialize entirely in the use of either incentives or socialization; and in otherwise identical populations the sophisticated planner may decline to use incentives while the naive planner specializes in the use of incentives. Thus substitutability between incentives and socialization may contribute to the persistence of cultural and institutional diﬀerences among otherwise similar populations. Keywords: Social preferences, motivational crowding out, cultural evolution, explicit incentives, endogenous preferences, cultural and institutional divergence JEL Classification Numbers: D64 (Altruism); D78 (Policy making and implementation); D03 (Behavioral Economics); Z18 (Cultural economics, public policy)
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1. Introduction Incentives work, often aﬀecting the targeted behavior almost exactly as conventional economic theory predicts: textbook examples include the work response of Tunisian sharecroppers and American windshield installers as well as experimental subjects (Laﬀont and Matoussi, 1995; Lazear, 2000; Falkinger et al., 2000). (We deﬁne incentives as interventions to alter behavior by changing the beneﬁts or costs of some targeted activity). But incentives sometimes have surprisingly limited eﬀects and may even be counter-productive (Bowles and Polania Reyes, 2012). A possible explanation of these diﬀerences in the eﬀectiveness of incentives is that ﬁnes or monetary rewards may crowd out ethical or other-regarding motivations, and that incentives work as economists expect where these non-economic motives are unimportant. Other than their eﬀect on the costs and beneﬁts of the targeted activities, there are two mechanisms by which incentives may aﬀect preferences. First, incentives provide cues to appropriate behavior or information about the intentions of the individual deploying the incentives or his beliefs about the target of the incentive (Benabou and Tirole, 2003; Fehr and Rockenbach, 2003; Schotter et al., 1996; Falk and Kosfeld, 2006). In this case we say that crowding out results from the state-dependence of preferences (psychologists refer to this mechanism as framing and term the preferences subject to framing as situation dependent (Ross and Nisbett, 1991)). We addressed the case of optimal incentives with state dependent preferences in Bowles and Hwang (2008) and Hwang and Bowles (2013). But there is a second mechanism. The type and extent of a society’s use of economic incentives may aﬀect the process of cultural transmission from parents, other elders, or peers, by which individuals acquire new tastes or social norms that will persist over long periods (Bisin and Verdier, 2011; Boyd and Richerson, 1985; Cavalli-Sforza and Feldman, 1981; Bowles, 1998). The key diﬀerence from state-dependent preferences, which are time invariant, is that when preferences are endogenous the eﬀect of the incentive persists in the long run because the updating process on which cultural transmission is based typically occurs during youth and its eﬀect endures over decades if not entire lifetimes. Here we consider the case of endogenous preferences and the problem facing a social planner seeking through the use of incentives and other instruments to induce citizens to contribute to a public good. We distinguish between an optimal subsidy taking account of crowding out eﬀects, and the subsidy that would be adopted by a naive social planner who is unaware of these adverse eﬀects of incentives on the evolution of preferences. The naive social planner is said to over-use incentives if the optimal subsidy adopted by the sophisticated planner (cognizant of the preference crowding out phenomenon) is less than that selected by the naive planner. In cases where the eﬀect of the incentive is opposite of the 1



planner’s intent, which we term strong crowding out, the sophisticated planner will of course not use the subsidy. To focus on more interesting cases we here study the situation where the eﬀect of the incentive is in the indented direction, but less than would have occurred in the absence of crowding out. In the next section, drawing on insights from psychology as well as economics we study the eﬀect of incentives on the cultural transmission of an intrinsic preference for contributing to a public good. In Section 3 we use these insights to model cultural transmission under the inﬂuence of diﬀerential payoﬀs, conformism, and publicly provided socialization such as schooling. We then (in section 4) characterize the equilibrium of this cultural evolution process and show a) that when crowding out occurs, incentives and socialization to contribute to the public good are substitutes. In Section 5 we show that b) the subsidy implemented by a sophisticated planner may exceed that of the naive planner; c) either planner may specialize in the incentive or in socialization and d) that for identical populations the two planners may make exclusive use of one of the two instruments, the naive planer devoting resources only to the incentive, while the sophisticated planner abandons the use of incentives altogether in favor of socialization. We conclude with two observations. First, because the use of incentives and socialization are substitutes, otherwise similar populations may experience what Avner Greif and Guido Tabellini (2010) call “cultural and institutional bifurcations” in this case one society, one inducing citizens to contribute to the public good exclusively by means of incentives and the other relying on moral suasion to cultivate a civic-minded citizenry. Second, both the extent and direction of incentive eﬀects on cultural transmission (which we have so far assumed to be exogenous) are aﬀected by the nature, intent and framing of the relevant incentives and thus are subject to manipulation by public policy. This raises a challenge for the super sophisticated planner who (unlike his merely sophisticated counterpart studied here) is cognizant of the endogeneity of the crowding out phenomenon itself and seeks to design incentives which will minimize or even reverse crowding out eﬀects on cultural transmission. The economic literature on the appropriate use of incentives when preferences are endogenous dates back to Jeremy Bentham’s An Introduction to the Principles of Morals and Legislation (1789:1907). But with few exceptions (Hirschman (1985), Aaron (1994), others in Bowles (1998)) economists have not studied the incentives that a sophisticated planner would adopt when incentives aﬀect the process of preference formation. More recently, BarGill and Fershtman (2005) modelled a case of strong crowding out in which a subsidy for a pro-social action increases the likelihood that altruists will be taken advantage of by nonaltruists, leading to a decrease in the fraction of the population that are altruists. Bohnet et al. (2001) modeled the inﬂuence of legal policy on the process of preference formation, 2



ﬁnding that the eﬀect of incentives on the evolution of a preference for contract performance is non-monotonic. Neither of these papers (nor any others, to our knowledge) addresses the question of optimal subsidies or taxes where preferences are endogenous. 2. Cultural transmission: incentives, noisy signals, conformism and socialization We consider a process of cultural transmission in which people may adopt alternative preferences, one of which we term civic as it motivates contribution to a public good, which a social planner would like to encourage. In the next section we present a model in which each adult has two activities: he or she may contribute or not to the public good and also may raise their child to have civic preferences and hence contribute to the public good, or not, taking account of the expected payoﬀs of the civics and non-civics and their assessment of the prevalence of civics in the population. Members of the second generation whose parents did not socialize them to be civics may nonetheless adopt civic preferences as a result of exposure to a system of public socialization, of which religious or other moral instruction is an example. The planner’s incentives aﬀect the transmission process directly by raising the expected payoﬀ of the subsidized civic behavior as well as indirectly by altering citizens’ perceptions of how prevalent civic individuals are in the population. The planner may also devote resources to public socialization (which hereafter we simply term ‘socialization.). Both planners (sophisticated and naive) seek to maximize the total beneﬁts of a public good net of the costs incurred by the citizens in contributing and the costs of the use of the two instruments at their disposal (incentives and socialization) for aﬀecting the fraction of the population that adopt civic behaviors and hence contribute to the public good.1 To focus on the eﬀect of incentives on the evolution of preferences in the long run, we assume that the subsidy cannot be large enough so that those without civic preferences contribute to the public good. Thus the subsidy may alter the fraction of the population with civic preferences, but it does not increase public goods contributions for a given population distribution. To conﬁne attention to cases of interest, we suppose that both socialization and incentives 1



Thus (as is clear from equation 20 below) while the planners take account of the eﬀect of the citizens’ civic minded preferences on their behaviors, the objective functions of the planners do not include whatever intrinsic pleasure or other subjective beneﬁts that contributors to the public good may experience as a result of their civic-mindedness. Including in the planners’ maximand the utility experienced as a result of the ethical values of citizens when these are subject to modiﬁcation by public policy naturally raises diﬃcult philosophical and economic issues (Diamond, 2006; Bergstrom, 2006; Hwang and Bowles, 2013). In a shorter run setting where preferences are state-dependent we have studied the case of the thorough-going utilitarian planner who does just this (Bowles and Hwang, 2008). Here we restrict the planners’ objective function to the material beneﬁts and costs.
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have the intended eﬀect: an increase in each raises the fraction of the population with civic preferences (that is, we preclude “strong crowding out” as described above and deﬁned in Proposition 2). But the indirect eﬀect of incentives on citizens perceptions of the fraction of the population with civic preferences partially oﬀsets their positive eﬀect on the payoﬀs of the subsidized behavior. This occurs for two reasons: ﬁrst, people tend to adopt learned traits (including preferences) that they perceive to be common, independently of expected payoﬀs, and, second, the presence of incentives may lead people to interpret some acts of civic generosity as instead being expressions of self interest induced by the subsidy. Because neither conformist transmission nor the eﬀect of incentives on signal extraction are common in the economics literature, we will provide reasons to believe that each is plausible. Conformist cultural transmission is in part the result of the powerful eﬀect of mere exposure on social learning, documented by Robert Zajonc (1968) and subsequent works (Birch and Marlin, 1982; Murphy and Zajonc, 1993; Murphy et al., 1995). The exposure eﬀect is one of the reasons that cultural transmission may favor the numerous over the rare, independently of their economic success (See Boyd and Richerson (1985), Ross and Nisbett (1991), Bowles (1998), Wooders et al. (2006), Bisin and Verdier (2011), and Cartwright and Wooders (2013) and the works cited there; See Figure 1). We thus assume a degree of conformist cultural transmission, by which we mean that the likelihood that an individual will adopt a particular preference varies not only with relative payoﬀs but also with the prevalence that preference in the population. The second empirical regularity is that the presence and extent of incentives to contribute to a public project (or to engage in similar activities that beneﬁt others) make the behavior (contribution) a less convincing signal of an individual’s generosity, resulting in observers interpreting some generous acts as merely self-interested. This is the key mechanism underlying the model of Roland Benabou and Jean Tirole (Benabou and Tirole, 2006) showing how incentives may crowd out pro-social behavior. In similar fashion, Joel Sobel’s (2009) paper entitled “Generous actors, selﬁsh actions” concludes that under a not very restrictive condition on preferences, “observed market behavior of individuals with other-regarding preferences cannot be distinguished from selﬁsh agents.” The factors contributing to this result are the anonymity of market interactions and the individual trader’s lack of market power. Martin Dufwenberg and his coauthors (2011) show that (paraphrasing their theorem 2) “the set of Walrasian equilibria of an economy [with other-regarding preferences] coincides with the set of Walraisan equilibria of its corresponding ... economy [in which ] agent care only about their own direct consumption,” concluding ...“concerns such as envy, altruism, or fairness do not inﬂuence market economies.” There are two reasons why the presence of an incentive may lead people to mistake a 4



Figure 1: Exposure and attitude In experiments conducted by Zajonc (1968) subjects, who are US students, are exposed with low or high frequency to lists of nonsense words and asked rate them on a good-bad scale. The left and right panels show the results of experiments based on English-like words and Chinese-like words, respectively. With a single exception (the ﬁrst “Chinese” character) the more the subjects were exposed to a word, the more likely the subjects think that it refers to something good. Sources: Zajonc (1968)



generous act – helping another at a cost to oneself – for a self-interested one. The ﬁrst is that the incentive provides a competing explanation of the generous act: “he did it for the money.” The second is that incentives often induce individuals to shift from an ethical to a payoﬀ maximizing frame (even relocating the neural activity to diﬀerent regions of the brain). Knowing this, the presence of an incentive for an individual to help another may suggest to an observer that the action was self interested (Heyman and Ariely, 2004; Irlenbusch and Sliwka, 2005; Gneezy and Rustichini, 2000; Li et al., 2009). To make these intuitions precise we consider the following signal extraction problem. We ﬁrst present a simple example to illustrate the idea and then provide a general model and result (See Benabou and Tirole (2006) and Ali and Lin (2013) for similar models)2 . Suppose that there are an actor and observer, and an actor may contribute (a = 1) or not (a = 0) to a public good. If the actor has an ethical or moral motivation to contribute, she will 2



Benabou and Tirole (2006)’s model use the standard normal distributions to model the intrinsic valuation, which requires additional assumption to ensure that the realized random variables are non-negative. We model whether an actor is an altruist or not using the Bernoulli random variable which does not require this assumption.



5



Altruist Materialist qχ(s) Non-materialist q(1 − χ(s))



Selﬁsh (1 − q)χ(s) (1 − q)(1 − χ(s))



Table 1: Observer’s belief about the actor



contribute unconditionally (and is then called an altruist). The actor knows her own ethical value, while the observer cannot tell whether the actor is an altruist or not. By denoting by v = 1 the case that the actor is an altruist and v = 0 otherwise, the observer believes that v = 1 with probability q. In the presence of an incentive, the actor might contribute to the public good even if she were not an altruist and would be called a materialist − the one who “did it for the money” above. The actor who is neither materialist nor altruistic will not contribute in any case. Similarly, the actor knows whether she is a materialist (m = 1) or not (m = 0), while the observer cannot tell for sure whether the actor is a materialist or not, but believes that m = 1 with probility χ(s) for a given level of subsidy s. We suppose that the event that the observer believes the actor to be an altruist is independent of the event that the observer believes the actor to be a materialist. Here χ(s) is the degree to which the incentive induces a non-altruist to contribute to the public good, where χ(0) = 0 and χ′ (s) > 0 (See Table 1). This setting poses a signal extraction problem to the observer: i.e., the observer cannot tell whether an actor who is observed to contribute does so because of the ethical motivation or the monetary incentives. In this way, a subsidy introduces noise to the signaling of the actor’s “good will” to the observer. What is the best prediction by the observer about the ethical motivation of the actor given that contribution is observed? According to Bayesian reasoning, the observer can update his prior belief (q) using the information that the action is contribution (a = 1). By simple calculation, the observer’s posterior belief about the true motivation of the actor is Pr[v|a] =



q q + χ(s)(1 − q)



(1)



where v, a refer to the events, v = 1 and a = 1, respectively. Observe that the probability that an altruist contributes is 1 and that if a non-altruist contributes, she must be a materialist. From (1), we ﬁnd q E[v|a = p] = p (2) q + χ(s)(1 − q) for p = 0, 1. Observe that in the absence of subsidy the estimator E[v|a = p] tells whether an actor is an altruist or not solely based on the observed action p and the prior belief q
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does not play a role: i.e., E[v|a = p]|s=0 = p. Also from (2) it is easy to see that ∂E[v|a = p] < 0, ∂s i.e., in the presence of subsidy the observer underestimates the probability that the contributor is an altruist. This result readily generalizes to our setup in the next section − the case in which n actors in a population may contribute to a public good project, as follows (see Proposition 1). To state the result, we introduce some additional notation. Consider a population of n actors. For each i = 1, · · · , n, the ethical motivation of each actor is similarly described by vi = 1 or 0 and the observer believes that vi = 1 independently with probability q. Similarly each actor is a materialist (mi = 1 or 0), and the observer believes that mi = 1 independently with probability χ(s). We suppose that an agent who is either an altruist or (for a suﬃciently large subsidy) a materialist will contribute to the public good (ai = 1). Again this means that the observer cannot distinguish whether the contribution is due to the moral motivations or the subsidy. Finally, an observer sees the average contribution, ∑ a ¯ := 1/n i ai . From this we may deﬁne the degree of underestimating the probability of an altruist due to a subsidy to be λ = λ(s) :=



E[vi |¯ a = p] E[vi |¯ a = p]|s=0



and obtain the following proposition. Proposition 1 (Underestimation of altruists in the presence of incentives). We have λ(0) = 1 , 0 ≤ λ(s) ≤ 1, and λ′ (s) < 0. Proof. Since if ai = 1, it must be either vi = 1 or mi = 1 (or both), we have ai ∼ ∑ Bernoulli(q + (1 − q)χ(s)). We let r := q + (1 − q)χ(s) and T := nl=1 al ∼ Binomial(n, r). ∑ ∑ Now let i be ﬁxed and vi = 1. Then T = nj̸=i aj +1 has the same distribution as n−1 j=1 aj +1, ∑n−1 so T − 1 has the same distribution as j=1 aj . Thus ( ) n−1 l Pr{T − 1 = l|vi = 1} = r (1 − r)n−1−l . l So we ﬁnd that Pr{T = k|vi = 1} =



(n−1) k−1



rk−1 (1 − r)n−k . From this, we ﬁnd (n−1)



Pr{vi = 1|T = k} = (n) k



k−1



q



(q + (1 − q)χ(s)) 7



=



k q . n q + (1 − q)χ(s)



(3)



Current Period Fraction of Civics



Next Period Fraction of Civics



p′



p Instruments Subsidy



p ′′



Individual Cultural Fitness Payoff Difference Misperception



Conformism



Socialization



Figure 2: Cultural transmission and crowding eﬀects of incentives.



Note that (2) is the special case of (3). From this we ﬁnd that E[vi |¯ a = p] = p



q q + (1 − q)χ(s)



(4)



and the results immediately follow from (4). 3. Incentives and Cultural Transmission The evidence and results of the previous section indicate that use of incentives may reduce the perceived population frequency of civic-minded individuals, leading via the conformist eﬀect to an evolutionary disadvantage of generous over self-interested traits in the preference updating process, a disadvantage that would not exist in the absence of incentives. Figure 2 summarizes the causal structure of our model of this process. Consider a community of identical individuals indexed by i = 1, ..., n who may contribute to a public project. We suppose that there are two kinds of individuals, called Civics (denoted by C) and non-Civics (also called Freeriders, denoted by F). Civics always contribute to the public project an amount ai = 1, while non-Civics never contribute. We denote by p the population fraction of Civics. The project produces a pure public good, so total ∑ contributions, i ai = np, result in a beneﬁt to each citizen of ϕ(p), where ϕ (·) is a positive and increasing function. A Civics bears a cost of contribution g¯, which is a positive constant and which may be partially oﬀset by a subsidy equal to s < g¯. When a social planner implements a subsidy, s, to contributors, the material payoﬀs of Civics (π C ) and non-Civics (π F ) are given by π C (p, s) := ϕ(p) − g¯ + s (5) π F (p, s) := ϕ(p).
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(6)



The preferences of oﬀspring inculcated by parents are selected by myopic best response, observing the material payoﬀs (π) and public goods contribution of a sample of the population and a signal (possibly inaccurate when the planner implements a subsidy) of the frequency of the Civics in the population. Thus, from Proposition 1, we let p˜ = p˜(s) = pλ(s)



(7)



where λ(0) = 1and 0 ≤ λ(s) ≤ 1 and λ′ (s) < 0 for all s. We also suppose that λ′′ (s) > 0 so that the marginal eﬀect of variations in the subsidy is greater when the subsidy is at a lower level, which is consistent with the empirical ﬁndings that a small subsidy may have a very substantial (negative) eﬀect on intrinsic motivations (Bowles and Polania Reyes, 2012). Note that when s = 0, p˜ = p, so in the absence of the subsidy, citizens’ perceptions of the fraction of the population who are contributors is accurate (Perceptions will also be accurate when p = 0). As an example for the function λ(s), we could let λ(s) := 1 + Λ1{s>0} + λs,



(8)



where 1{s>0} is an indicator variable taking the value of 1 when s > 0 and 0 otherwise and Λ ≤ 0, λ ≤ 0, and λ(s) ≤ 1 for all s. Then (8) speciﬁes various kinds of crowding out, studied in Hwang and Bowles (2013). The parameter Λ measures the categorical eﬀect of the presence of an incentive on the one’s inference about another individual’s type based on observing his or her contribution to the public good and λ measures the marginal eﬀect of the level of an incentive on the one’s inference. Each parent has a single child and inculcates preferences in the child under the inﬂuence of relative material payoﬀs and the prevalence of the two traits in the population. Those children whose parents do not inculcate civic preferences in them may adopt civic preferences as a result of socialization by societal institutions such as schools, religious organizations, and other extra-familial institutions that shape the cultural development of the young. For simplicity we represent socialization as a public signal whose eﬀectiveness is increasing in the resources devoted to it. When exposed to the signal, socialization converts to C’s a fraction of those members of the society who are currently F’s. A literal interpretation of socialization, then, might be electronic messages about the value of contributing that are sent to the entire population. But any public signal that has the eﬀect of enhancing probability that an individual will adopt a social norm of contribution is also consistent with our formulation. In every period after contributing or not, a three stage updating process takes place, 9



ﬁrst selection of parents for updating, second individual updating and third, socialization (See Figure 2). In the ﬁrst stage, each parent of the population is paired with a cultural model chosen randomly from the parent’s generation in the population. If the model and the parent are of the same type, the parent inculcates his or her own preference in the child; but if the model and the parent are of diﬀerent types the parent is selected for an updating opportunity. In the second stage − individual updating − each member of the pool selected for updating (a fraction p of which are C’s) has (depending on the type) a cultural ﬁtness reﬂecting both payoﬀ diﬀerences and conformism, rC = α [˜ p − 1/2]+ + (1 − α)[π C − π F ]+ and rF = α[1/2 − p˜]+ + (1 − α)[π F − π C ]+



(9)



where π C − π F is just g¯ − s, and p˜ is the perceived fraction of C’s, which will be not greater than p and [t]+ = max{t, 0}. The cultural ﬁtness of the two types would be equal (and equal to 1) if p˜ = 1/2 and payoﬀs are equal, that is if neither trait had either payoﬀ or conformist advantages. In the individual updating stage the child of an F will become a C (we term this a “switch”) with a probability equal to µ(rC − rF ) with the opposite switch being the same expression with reversed signs on the cultural ﬁtness terms, where µ is the coeﬃcient ensuring that µ(rC − rF ) is not greater than 1. The population fraction of C’s at the end of the second stage p′ (see Figure 2) is just the prior frequency of C’s plus those F’s who have switched to C minus those C’s who switched to F, or given by 1 p′ := p + µp(1 − p)(rC − rF ) = p + µp(1 − p)(α(˜ p − ) + (1 − α)(s − g¯)) 2 where the updating process returns a value of p′ that is on the unit interval because µ(rC − rF ) ≤ 1. In the third stage a public socialization signal is observed by everyone, and a fraction, m, of the 1 − p′ who are F’s is converted to be C’s, where m < 1. The new fraction of the population who are C’s is thus p′′ = p′ + m(1 − p′ ). Note that the socialization eﬀect on p′′ is zero when p′ = 1 (there are no F’s to socialize), and large when p′ is close to 0; thus the subsidy and the socialization are eﬀectively competing to convert the F’s and the more eﬀective is the subsidy, the fewer F’s there are for the signal to socialize. Putting the three steps together and setting ∆p ≈ p′′ − p, we obtain the following cultural evolution dynamic: dp = (1 − m)(µp(1 − p)(rC − rF )) + m(1 − p). dt



(10)



Observe that in the absence of the socialization eﬀect (m = 0) equation (10) reproduces the 10



so-called replicator dynamics - the equations that are most frequently adopted in studying the population dynamics in the standard literature on evolutionary games (Weibull, 1995). In this way, our cultural dynamic equation (10) extends and generalizes the existing dynamics to study the cultural evolution of preferences under the inﬂuences of conformism, incentives, and socialization. 4. Equilibrium Preferences and Crowding out From (10), an equilibrium preference distribution (that is, a stationary p∗ ) requires m 1 1 g − s) − . µα(p∗ λ(s) − ) = µ(1 − α)(¯ 2 1 − m p∗



(11)



A stationary distribution in which the C’s are in the majority is illustrated in Figure 2, requiring that the conformist eﬀects favoring C’s as the more common trait (the left hand side of (11)) oﬀset the net eﬀect of the C’s payoﬀ disadvantages and the socialization eﬀect (the right hand side). Also observe that equation (11) implicitly deﬁnes the social planner’s implementation technology for aﬀecting contributions to the public goods: it gives for all values of m and s the resulting stationary fraction of Civics in the population. We will denote this implementation function as p∗ (s, m). To have a unique stable interior equilibrium, p∗ we require m 1 g − s) − . µα(λ(s) − ) < µ(1 − α)(¯ 2 1−m



(12)



This means that when all citizens are Civics, payoﬀ advantages that ﬁtness-favor Freeriders is greater than ﬁtness-favoring conformist advantages of the Civics, leading to decreases in the fraction of Civics in the population. The assumption and existence of such an interior equilibrium is consistent with stylized fact that populations are heterogeneous when it comes to non-economic motivations such as those represented by our Civics (Camerer, 2003; Loewenstein and Bazerman, 1989; Ferh and Gaechter, 2000). Equation (12) implies the following stability conditions for an interior equilibrium p∗ , µαλ(s) 



m 1 1 − m (p∗ )2



(13)



which says that (in Figure 3) at p∗ the slope of the conformism eﬀect function is less than the slope of the payoﬀ diﬀerential and socialization eﬀect function. To study the relationship between a society’s incentives and its institutions inculcating social preferences, we use equation (10) to deﬁne κ, the evolutionary advantage of the C 11
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Figure 3: The ﬁgure (solid lines) shows the determination of fraction of citizens who are Civics in a cultural equilibrium under the inﬂuence of payoﬀ-based and conformist updating, namely p∗ when s = 0. The subsidy (dotted lines) reduces the payoﬀ diﬀerence between Homo economicus and Civics, and in the absence of the eﬀect on the perceived frequency of conformism in the population, the fraction of Cs in the population would increase from p∗ (0) to pN (s). However, the reduction in the conformism eﬀect partially oﬀsets this.



type as 1 m κ(p, s, m) := (1 − m)µ(α(pλ(s) − ) + (1 − α)(s − g¯)) + 2 p



(14)



At the cultural equilibrium, p∗ , we necessarily have κ = 0. The intended eﬀect of the introduction of a subsidy s > 0 is to reduce the payoﬀ disadvantage of the C types, increasing κ and shifting down the payoﬀ and socialization eﬀect function in Figure 3, shown by the thick curved line. But the subsidy also aﬀects citizens’ perceptions, shifting downward the conformism line. The result is that the eﬀect of the subsidy on the evolutionary advantage of the C’s evaluated at the status quo distribution is less than intended and the eﬀect on the population fraction of C’s also less than intended; i.e., following the introduction of the subsidy, the actual population fraction of C’s, p∗ (s), is less than the intended population fraction of C’s, pN (s). The eﬀect of the subsidy on the evolutionary advantage of the C’s evaluated at the status
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quo population distribution p∗ is given by ∂κ = (1 − m)µ{(1 − α) + αp∗ λ′ (s)}, ∂s p∗



(15)



Since the eﬀect in (15) is the change in the evolutionary advantage of the C-types associated with the change in the subsidy, we term it the evolutionary impact of the incentive. The ﬁrst term inside the brackets on the right hand side is the intended direct eﬀect via the payoﬀ term. The second term is the indirect crowding eﬀect. The absolute size of the indirect (“crowding”) term in (15) is (as expected) increasing in the extent of conformism in updating, in the fraction of C’s in the population, and the absolute magnitude of crowding λ′ (s). The indirect eﬀect will be negative in the case of crowding out, so the evolutionary impact of the incentive is less than the direct eﬀect. The crowding eﬀect will of course be zero if α = 0 in which case there is no conformism in updating so the misperceptions induced by the incentives have no eﬀect. Note what we termed strong crowding out in the introduction occurs when (15) is negative because the second indirect crowding eﬀect outweighs the intended direct eﬀect. Thus unless strong crowding out obtains, we have ∂κ/∂s > 0, which in turn implies ∂p∗ /∂s > 0 (Proposition 2). By a similar computation the evolutionary impact of socialization institutions is ∂κ 1 1 = −µ(α(p∗ λ(s) − ) + (1 − α)(s − g¯)) + ∗ ∂m p∗ 2 p



(16)



which diminishes with greater use of incentives because (in the absence of strong crowding out) incentives raise p∗ . This discussion leads to the following proposition. Proposition 2 (Crowding out). Given the cultural transmission process described in equations (7), (9) and (10), we have the following: (1) Socialization increases the equilibrium fraction of Civics:i.e., ∂p∗ > 0. ∂m (2) We have



∂p∗ > 0 if and only if p∗ (s)λ′ (s) > −(1 − α)/α. ∂s



Otherwise, ∂p∗ /∂s < 0 which we term strong crowding out otherwise . (3) Incentives crowd out social preferences; i.e., in the presence of a subsidy the actual equilibrium fraction p∗ (s) is less than the intended population faction pN (s). 13



Proof. For part (1) from (16) the eﬀect of the socialization on the equilibrium preference is −µ(α(p∗ λ(s) − 12 ) + (1 − α)(s − g¯)) + ∂p∗ =− ∂m ∂κ/∂p



1 p∗



=−



1 1 1 , ∂κ/∂p 1 − m p∗



(17)



which is positive since the stability condition for p∗ , equation (13), implies that the derivative of κ in (14) is negative, requiring that the denominator in (17) is negative. Similarly, for part (2) when a subsidy is positive, from (15) its eﬀect on the equilibrium preference is ∂p∗ ∂κ/∂s (1 − m)µ((1 − α) + αp∗ λ′ (s)) =− =− . ∂s ∂κ/∂p ∂κ/∂p



(18)



which is positive since again the stability condition for p∗ implies that ∂κ/∂p < 0 and the numerator is positive in the absence of crowding out. Finally, (3) readily follows from λ′ (s) < 0. These results, we will see, explain why the planners’ two instruments – socialization and incentives – are not complementary in their evolutionary eﬀect or even simply additive, but instead are substitutes. From Proposition 2 we know that the greater is the subsidy, the larger will be p∗ (there will be fewer F ’s exposed to the socialization) and hence (from (16)) the less eﬀect will socialization have. Similarly, the more eﬀective the socialization (larger m), the greater will be p∗ and from (15) the lesser will be the evolutionary eﬀect of the subsidy. Thus, when crowding out occurs, incentives and socialization institutions are substitutes in the sense that an increase in the level of one diminishes the other’s marginal eﬀect on the evolutionary advantages of the civic minded types Thus we have: Proposition 3 (Incentives and socialization are substitutes). In the absence of strong crowding out, the subsidy and socialization are substitutes as influences on the evolutionary advantage of Civics; i.e., ∂2κ < 0. ∂s∂m Proof. The result easily follows from ∂ 2κ ∂ 2κ = = −µ((1 − α) + αp∗ λ′ (s)) < 0 ∂s∂m ∂m∂s unless strong crowding out obtains.
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5. Optimal incentives when preferences are endogenous How could the sophisticated social planner use this knowledge to design an optimal subsidy? Using equation (8) but suppressing categorical crowding out for the moment we parametrize the degree of crowding out by λ and thus set λ(s) = 1 + sλ,



(19)



where −1/s < λ ≤ 0 and λ now represents λ′ (s) in the previous sections. Thus the planners’ implementation function is given by p∗ = p∗ (s, m, λ). We assume that in addition to the subsidy, the planner may implement policies that enhance the eﬀectiveness of the socialization system, so that m is now variable. Both instruments involve costs, c(s) and d(m) respectively, that are increasing and may be convex: i.e., c(0) = c′ (0) = 0 and c′ (s), c′′ (s) ≥ 0 for s > 0, and d(0) = d′ (0) = 0 and d′ (m), d′′ (m) ≥ 0 for m > 0. The social planner varies s and m to maximize the sum of the material beneﬁts of the public goods project net of the above cost s and the costs of contributing by the Civics, subject to the constraint represented by the implementation technology p∗ (s, m, λ) from (11): max ϕ(p∗ (s, m, λ)) − p∗ (s, m, λ)¯ g − c(s) − d(m). (20) s,m∈[0,1]



We ﬁrst consider the case in which the social planner also faces a budget constraint given by B, the total resources available to the social planner. Then the maximization problem (20) becomes max ω(s, m) := ϕ(p∗ (s, m, λ)) − p∗ (s, m, λ)¯ g



(21)



s,m∈[0,1]



s.t. c(s) + d(m) = B. Recall that the naive planner ignores the indirect eﬀects of incentives, so that he believes the result of his selection of s and m to be the fraction of C’s given by pN (s, m) = p∗ (s, m, 0). Thus, the sophisticated planner’s problem incorporates the naive planner’s problem as a special case; the subsidy adopted by the naive planner sN is clearly equal to the subsidy by the sophisticated planner s∗ (λ) when λ = 0. Definition 4. We say that incentives are under-used if sN < s∗ and over-used if sN > s∗ . We make the following assumption: Assumptions A1 Net beneﬁts are increasing and concave in the fraction of Civics. 15



A2 Strong crowding out does not obtain for all p: i.e., λ > − (1 − α)/α. To determine the optimal use of the subsidy in this case, we can naturally introduce the planner’s marginal rate of substitution (σ) between the subsidy (s) and the socialization (m), namely the (negative of the) slope in the s − m plane of the social planner’s indiﬀerence loci, as well as the marginal rate of transformation (τ ) namely, the (negative of the) slope of the budget constraint, given by ratio of the marginal costs of the two instruments: σ(s, m, λ) :=



∂ω/∂s c′ (s) , τ (s, m) := ′ . ∂ω/∂m d (m)



Then since the function ω(s, m) depends on s and m only through p∗ (s, m, λ), using (18) and (17) we see that (See the Appendix) σ(s, m, λ) =



∂p∗ /∂s ∂ω/∂s = ∗ = (1 − m)2 µp∗ ((1 − α) + αp∗ λ). ∂ω/∂m ∂p /∂m



(22)



From A1 we know that the value of ω depends on s and m only through p∗ , which means the slopes of social planner’s indiﬀerence loci for ω(s, m) are the same as those of indiﬀerence loci for p∗ (s, m). We also see from (22) that the indiﬀerence loci of the naive planner are steeper than those of the sophisticated planner as long as crowding out obtains (λ < 0; see also the expression for ∂σ/∂λ in the Appendix). If an interior solution for the maximization problem occurs at m∗ and s∗ , then the usual marginal rate of substitution equals marginal rate of transformation condition must be satisﬁed, or: σ(s∗ , m∗ , λ) = (1 − m)2 µp∗ (s∗ , m∗ , λ)((1 − α) + αp∗ (s∗ , m∗ , λ)λ) =



c′ (s∗ ) = τ (s∗ , m∗ ). (23) d′ (m∗ )



The naive and sophisticated planners’ choices of the subsidy and socialization are illustrated in Figure 4. Given the budget set based on convex cost functions, because the naive planner’s indiﬀerence loci are steeper than those of the sophisticated planner, the former over-uses the subsidy as long at least one of their policy choices is interior (that is, excluding the possibility that they both devote the entire budget to one or the other instrument, in which case the naive planner does not over-use the subsidy). Thus, we obtain the following proposition. Proposition 5 (Over-use of incentives by the naive planner under a budget constraint). Suppose that A1 − A2 are satisfied. Consider the constrained maximization problem in (21). Suppose that at least one of planners uses both instruments. Then the naive planner always over-uses incentives. 16
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Figure 4: Over-use of the subsidy by the naive planner.



Proof. First note that we have ∂σ ∗ ∗ ∂p∗ (s , m , λ) = (1 − m)2 µαp∗2 + (1 − m)2 µ(2αλp∗ + (1 − α)) >0 ∂λ ∂λ (See the Appendix). Then the result follows from the fact that a decrease in λ from 0 (that is an increase in crowding out) makes the indiﬀerence curve for the sophisticated planner ﬂatter. To study the case where one or both planners may devote the entire budget to one of the two policy instruments, ﬁrst observe that when the marginal rate of transformation at all points of the budget constraint is ﬂatter than the marginal rate of substitution of the naive planner, the naive planner specializes in the use of incentives. Analogously, when the marginal rate of transformation at all points of the budge constraint is steeper than the marginal rate of substitution of the sophisticated planner she will specializes socialization. The appropriate boundary conditions ensuring each boundary condition give the following proposition (See Figure 4). Proposition 6 (Specialization). We have the following four cases (See Figure 4). (i) If σ(0, m, ¯ λ) < τ (0, m) ¯ and σ(¯ s, 0, 0) > τ (¯ s, 0), then the sophisticated planner specializes in socialization and the naive planner specializes in the subsidy. 17



(ii) If σ(0, m, ¯ λ) < τ (0, m) ¯ and σ(¯ s, 0, 0) < τ (¯ s, 0),then the sophisticated planner specializes in socialization and the naive planner uses both instruments. (iii) If σ(0, m, ¯ λ) > τ (0, m) ¯ and σ(¯ s, 0, 0) > τ (¯ s, 0),then the sophisticated planner uses both instruments and the naive planner specializes in the subsidy. (iv) If σ(0, m, ¯ λ) < τ (0, m) ¯ and σ(¯ s, 0, 0) < τ (¯ s, 0), both planers use both incentives. In case (iv) we know from Proposition 5 that the naive planner will devote a larger share of his budget to incentives than will the sophisticated planner. Proposition 6 shows that in two identical economies the relative use of incentives and socialization may diverge even to the point of opposed complete specialization, depending on the sophistication of the process determining the choice of policies. We can also represent these results by reference to the planners’ implementation technologies, namely the values of p that may be implemented by choice of a subsidy s along with the level of m that exhausts the budget. We extend the model somewhat by replacing the implementation technology represented by p∗ (s, m(s), λ), by one based on the distinction between marginal and categorical crowding out is deﬁned in equation (8). So we now have p∗ (s, m(s), λ, Λ), recalling that Λ is the extent of categorical crowding out. We use this new implementation technology in Figure 5, showing the levels of p anticipated by the naive and sophisticated planner as s varies from 0 (all of the budget devoted to socialization) to the value of s that exhausts the budget (full specialization in the use of incentives). In Figure 5 Panel A we illustrate the case of marginal crowding out. Here dp∗ /ds is uniformly lower for the sophisticated planner than for her naive counterpart, resulting in a choice of a lesser subsidy. In panel B we show the analogous case where both marginal and categorical crowding out obtain, the downward shift in the sophisticated planner’s implementation function at s = 0 representing the eﬀects of categorical crowding out. Where categorical crowding out holds, the sophisticated planner must solve a two part optimization problem. First, ﬁnd the value of s (and hence m) that solves the maximization problem in (21) taking account of discontinuity of the implementation function at s = 0. Having found the level of the subsidy that maximizes p∗ (s, m∗ (s), Λ, λ) (˜ p in Figure 5, Panel B), and then compare that with the value that results when the subsidy is not used p(0, m∗ (0), Λ, λ). If as is shown in Panel B the categorical crowding out eﬀect is substantial, the latter value may exceed the former, with the result that s∗ = 0. We thus ﬁnd that given a budget constraint, if the two planners’ choices of a level of subsidy diﬀer, then marginal crowding out will always result in over-use of the incentive by the naive planner, and that under some conditions categorical crowding out may result in the sophisticated planner devoting the entire budget to socialization, while the naive planner adopts some positive level of subsidy. Were the planners’ choices not constrained by 18
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Figure 5: Over-use of the subsidy by the naive planner in the presence of marginal (panel A) and both marginal and categorical crowding out (panel B). At s = 0 the entire budget B is devoted to socialization while at s¯, no costs are devoted to socialization



a given budget, however, these results need not hold: it could occur that the sophisticated planner would make greater use of the incentive than her naive counterpart. This seemingly surprising result obtains when the net beneﬁt function is suﬃciently concave so that the shortfall in public goods provision below that which would occur in the absence of crowding out is associated with a increase in the marginal beneﬁts of contribution that is suﬃcient to more than oﬀset the crowding out eﬀects of the subsidy. The sophisticated planner is aware of this shortfall while the naieve planner is not so in order to implement the ﬁrst order condition (23) the sophisticated planner will use a larger budget than her naive counterpart, providing an analogy to an income eﬀect that oﬀsets the substitution eﬀect away from the subsidy (with a ﬁxed budget only the substitution eﬀect occurs, explaining why in that case the naive planner never under-uses the incentive.) A transparent illustration of the reasons why the sophisticated planner might make greater use of the incentive than would her naive counterpart is the following. Suppose the planner seeks to implement some target level of p∗ = p¯: for example, at least p¯ should contribute, with no beneﬁts occurring if the target is not met, substantial beneﬁts accruing if the target is met, and no marginal beneﬁts for levels of p∗ > p¯. We suppose that ′



¯ for p ≥ p¯ and ϕ = 0 otherwise. A1 ϕ = ϕ Then under this assumption, it is easy to see that the maximization problem in (20) is equivalent to the following minimization problem, for simplicity assuming only marginal crowding out to occur. min c(s) + d(m) such that p∗ (s, m, λ) = p¯.



s≥0, m≥0
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(24)



Therefore we study problem (24) and recalling that σ is the marginal rate of substitution between s and m and τ is the marginal rate of transformation between s and m, we have the following two ﬁrst order conditions: σ(s, m, λ) = τ (s, m) and p∗ (s, m, λ) = p¯.



(25)



The ﬁrst equation deﬁnes an “expansion path” giving the optimal policies for diﬀering budgets; the second requires that the planner hits the target p∗ = p¯. To characterize the conditions under which the naive planner will over-use incentives we proceed as follows. By diﬀerentiating the above ﬁrst order conditions with respect to the degree of crowding out (see the Appendix), we ﬁnd sign(



ds ∂σ ∂σ ∂τ ∂p/∂λ ) = sign( −( − ) ), dλ ∂λ ∂m ∂m ∂p/∂m



(26)



which gives use the following proposition (see Figure 6). Proposition 7 (Under- and over-use of incentives by the uncontrained naive planner). ′ Under Assumption A1 and A2, we have the following characterization: ∂σ ∂σ ∂τ ∂p/∂λ > ( − ) then over-use by naive planner obtains (ds∗ /dλ > 0). ∂λ ∂m ∂m ∂p/∂m ∂σ ∂σ ∂τ ∂p/∂λ if < ( − ) , then under-use by naive planner obtains (ds∗ /dλ < 0). ∂λ ∂m ∂m ∂p/∂m



if



The intuition behind the under-use of the incentive by the naive planner is simple. Unaware of the crowding phenomenon, the naive planner will deploy insuﬃcient subsidies and socialization expenditures, and p∗ will fall short of the target. The sophisticated planner will either abandon the project (if the total cost of hitting the target exceeds the beneﬁts) or deploy greater resources to meet the target. This degenerate example based on a target function generalizes to suﬃciently concave net beneﬁts functions and conditions under which both socialization and subsidies have properties analogous to normal goods, in that expenditure on each will increase when the budget increases. 6. Conclusion: Cultural Divergence and Optimal Incentives For the past century economists have extended the public economics paradigm initiated by Alfred Marshall and A.C. Pigou, devising incentives to induce self-interested individuals acting non-cooperatively to implement socially preferred allocations in cases where incomplete markets or impediments to eﬃcient bargaining prevent the private economy from accomplishing this result. Modern mechanism design continues this tradition. In this approach 20



Panel A: Over-use by naive planner m



Panel B: Under-use by naive planner m



Sophisticated Planner



Sophisticated Planner



σ(s, m, λ) = τ(s, m )



σ(s, m, λ) = τ(s, m ) σ(s, m, 0) = τ(s, m )



σ(s, m, 0) = τ(s, m )



Naive Planner p * (s, m, λ) = p p * (s, m, λ) = p



Naive Planner p * (s, m, 0) = p τ ∂p */∂λ −( ∂σ − ∂ ) ∆λ ∂m ∂m ∂p */∂ m



∂σ ∆λ ∂λ



p * (s, m, 0) = p



s



s τ ∂p */∂λ −( ∂σ − ∂ ) ∆λ ∂m ∂m ∂p */∂ m



∂σ ∆λ ∂λ



Figure 6: over-use and under-use of the subsidy by the naive planner in the case of target beneﬁt function (A1’). The upward rising lines are the “expansion paths (the ﬁrst equation in equation (25))” for the sophisticated planner (upper line) and the naive planner (lower line). The downward sloping line is the target constraint (the second equation in equation (25)).



incentives work by altering the economic costs or beneﬁts of some targeted behavior such as contributions to a public good. We have addressed the problem of optimal incentives when ﬁnes, taxes, and subsidies aﬀect individual actions not only by changing payoﬀs, but also by inﬂuencing the beliefs citizens have concerning the prevalence of Civics in the population and hence altering the process of cultural transmission determining the equilibrium fraction of Civics. Where crowding out occurs, socialization (m) and incentives (s) are substitutes, and as we have seen, this may lead the sophisticated planner to specialize in one or the other. As a result two otherwise very similar societies may diﬀer markedly in their relative use of explicit incentives as opposed to moral suasion as a means of fostering contributions to the public good, and more generally of sustaining social order. The model also provides a reason why in a given country seemingly small changes in the economic fundamentals may result in a substantial shift in the relative importance of moral suasion and incentives. Thus our model is consistent with evidence (Guiso et al. (2009); Greif and Tabellini (2010); Putnam (1993); surveyed in Spolaore and Wacziarg (2013)) of long term persistence of cultural and institutional diﬀerences. The policy advice given here by our sophisticated planner has been based on her recognition that an incentive may alter the cultural transmission process so as to reduce the positive eﬀect of the subsidy. But she has taken as given the extent of crowding out as indicated by λ′ (s) < 0 or the absolute magnitudes of Λ and λ. A super sophisticated planer would not stop at simply taking account of λ′ (s) < 0; he would make the extent of crowding out itself
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be a target for public policy manipulation, that is by reducing the absolute magnitude of Λ or λ and maybe even reversing their signs. Because cultural transmission is highly inertial (most preference updating occurring during youth) it is diﬃcult to study experimentally how this might be done. But historical cases of attempts at super sophisticated mechanism design may be illuminating, as in the use of incentives to crowd in civic motivations in ancient Athens. When in 325 BCE the Athenian Citizens’ Assembly decided to set up a colony and naval station in the Adriatic far to the west of Greece, they took on a project of enormous proportions: thousands would undertake the mission in 289 ships (Ober (2008):124-134). Neither the personnel nor the ships were at the moment under public orders; the settlers, oarsmen, navigators, or soldiers would have to be recruited from their private lives, and the ships outﬁtted for the mission. The Assembly decreed that trierachs (ship commanders and equippers) were to be appointed and required to bring a ship fully outﬁtted and crewed to the docks in Piraeus by a given date. The Assembly did not overlook the need for incentives: “The demos is to crown the ﬁrst (trierach) to bring his ship with a crown of 500 drachmas and the second with a crown of 300 drachmas and the third with a crown of 200 drachmas,” adding that “the herald of the Council [of 500] is to announce the crowns at the contest of the Thargelia [a festival], in order that the competitive zeal of the trierachs towards the demos may be evident.” Others responsible for the timely dispatch of the mission would also be honored. Lest there be any doubt about the elevated purpose served by these incentives, the decree went to considerable lengths spelling out the beneﬁts expected from the Adriatic naval base: “the demos may for all future time have its own commerce and transport of grain and [a] guard against the Tyrrhenians [Etruscan pirates].” And for those unmoved by the honors and rewards that timely performance of one’s duty as a citizen would garner, there was a warning: “but if anyone to whom each of these things has been commanded does not do them in accordance with this decree, whether he be a magistrate or a private individual, the man that does not do so is to be ﬁned 10,000 drachmas” with the proceeds going to honor Athena. (The prizes for timely arrival of the ships in Piraeus would also have most likely been given by the prizewinner as an oﬀering to Athena.) The citizens of Athens were acting as super sophisticated social planers, framing monetary incentives for the provision of public goods as prizes in recognition of civic contributions. We may speculate that by this means they enhanced Athenian views of the prevalence of civic preferences among their fellow citizens so that λ′ (s) > 0 and perhaps also raised m, the eﬀectiveness of resources devoted to socialization in the civic norms deﬁning Athenian culture. It seems likely that they were using incentives in a way calculated to enhance 22



their civic culture, providing a fruitful avenue for empirical researchers, theorists, and policy makers today.
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Appendix A. Derivatives of various expressions We recall that 1 m κ(p, s, m, λ) := (1 − m)µ[α(p(1 + λs) − ) + (1 − α)(s − g¯)] + 2 p and p∗ (s, m, λ) satisﬁes κ(p∗ (s, m, λ), s, m, λ) = 0, more explicitly 1 m (1 − m)µ[α(p∗ (s, m)(1 + λs) − ) + (1 − α)(s − g¯)] + ∗ =0 2 p (s, m) We ﬁnd ∂κ ∂p ∂κ ∂s ∂κ ∂m ∂κ ∂λ



= (1 − m)µα(1 + λs) −



m p2



= (1 − m)µ[αpλ + (1 − α)] = −µ[α(p(1 + λs) −



1 1 + (1 − α)(s − g¯)] + 2 p



= (1 − m)µαps



and if we evaluate around p = p∗ , then ∂κ ∂p p=p∗ ∂κ ∂s p=p∗ ∂κ ∂m p=p∗ ∂κ ∂λ ∗



= (1 − m)µα(1 + λs) −



m p∗2



= (1 − m)µ[αp∗ λ + (1 − α)] = −µ[α(p(1 + λs) −



1 1 1 1 + (1 − α)(s − g¯)] + ∗ = 2 p 1 − m p∗



= (1 − m)µαp∗ s



p=p



Then the stability condition for p∗ implies that m ∂κ = (1 − m)µα(1 + λs) − ∗2 < 0 ∂p p=p∗ p
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and no strong crowding out implies we ﬁnd







∂κ ∂s p=p∗



> 0 and







∂κ ∂m p=p∗



> 0, and







∂κ ∂λ p=p∗



> 0. Thus



∂κ/∂s 1 ∂p∗ = − =− (1 − m)µ[αp∗ λ + (1 − α)] > 0 ∂s ∂κ/∂p ∂κ/∂p ∂p∗ 1 1 ∂κ/∂m 1 = − =− >0 ∂m ∂κ/∂p ∂κ/∂p 1 − m p∗ ∂p∗ ∂κ/∂λ 1 = − =− (1 − m)µαps > 0 ∂λ ∂κ/∂p ∂κ/∂p And we recall that σ(s, m, λ) :=



∂p∗ /∂s(s, m, λ) (1 − m)µ[αp∗ λ + (1 − α)] = (1 − m)2 µp∗ [αp∗ λ + (1 − α)]. = 1 1 ∂p∗ /∂m(s, m, λ) 1−m p∗



And we ﬁnd ∂σ (s, m, λ) ∂s ∂σ (s, m, λ) ∂m ∂σ (s, m, 0) ∂m ∂σ (s, m, λ) ∂λ



= (1 − m)2 µ[2αλp∗ + (1 − α)]



∂p∗ and ∂s



∂σ (s, m, 0) > 0 ∂s



= −2(1 − m)µp∗ [αp∗ λ + (1 − α)] + (1 − m)2 µ[2αλp∗ + (1 − α)] ∂p∗ and ∂m ∂p∗ 2 ∗2 2 ∗ = (1 − m) µαp + (1 − m) µ[2αλp + (1 − α)] >0 ∂λ



∂p∗ ∂m



= −2(1 − m)µp∗ (1 − α) + (1 − m)2 µ(1 − α)



Appendix B. Sign of (ds/dλ) in Section 5 and expressions used in Figure 6



(



∂σ ∂τ ds ∂σ ∂τ dm ∂σ ∂p∗ ds ∂p∗ dm ∂p∗ − ) +( − ) + = 0 and + + = 0. ∂s ∂s dλ ∂m ∂m dλ ∂λ ∂s dλ ∂m dλ ∂λ



Therefore, we have ds = − ∂σ dλ − ∂s



∂τ ∂s



1 ∂σ − ( ∂m −



∂τ )σ ∂m



(



∂σ ∂σ ∂τ ∂p/∂λ −( − ) ). ∂λ ∂m ∂m ∂p/∂m



(B.1)



Then the second order condition for the minimization problem requires that the denominator is negative because d ∂σ ∂τ ∂σ ∂τ (σ(s, m(s), λ) − τ (s, m(s))) = − −( − )σ < 0. ds ∂s ∂s ∂m ∂m
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(B.2)



For (B.2) to hold, we suppose that c(s) and d(m) are suﬃciently convex: i.e., at optimal choice we suppose that the following conditions hold: ∂σ ∂τ ∂σ ∂τ (s, m) > (s, m, λ) and (s, m) < (s, m, λ) ∂s ∂s ∂m ∂m



(B.3)



Then, it is easy to see that (B.3) implies (B.2). So we obtain the equation (26) in the text. To study the sign of ds/dλ, we ﬁrst look at the locus (ˆ s, m) ˆ satisfying σ(s, m, λ) = τ¯. Then using the implicit function theorem, we ﬁnd dˆ s ∂σ/∂λ =− >0 dλ ∂σ/∂s − ∂τ /∂s from the sign determination in the Appendix and (B.3). This means that for given m, crowding out requires a smaller level of subsidy s to maintain σ(s, m, λ) = τ (s, m) (See Panels A and B). We also ﬁnd ∂σ/∂m − ∂τ /∂m dˆ s =− >0 dm ∂σ/∂s − ∂τ /∂m (See σ(s, m, λ) = τ (s, m) locus in Panels A, B in Figure 6). Next we look at the locus (˜ s, m) ˜ satisfying p∗ (s, m, λ) = p¯. Then similarly, we ﬁnd



∗



∂p d˜ s ∂λ = − ∂p ∗ < 0 dλ ∂s



from the sign determination in the Appendix. This means that for given m, crowding out requires a higher level of s to maintain p∗ (s, m, λ) = p¯.
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