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1. Introduction

“(Religious) guilt could now appear not only as an occasional concomitant, but as an integral part of all culture, of all conduct in a civilized
world, and finally, of all structured life in general. And thereby the ultimate values which this world offered have seemed burdened with
the greatest guilt.” [Max Weber 2013: 354]

Psychologists have long known that emotions influence human behavior and individual responses to positive and negative events.
Recently, also the economic literature has recognized that emotions matter for strategic behavior (Battigalli and Dufwenberg, 2022).
However, the formation and endogenous evolution of the personal traits that affect emotional responses has never been formally
investigated.
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Trust and trustworthiness are of fundamental importance for different economic outcomes (Guiso et al., 2006) and, as pointed out
by Alesina and Giuliano (2015), generalized trust towards others is “the most studied psychological trait.”! Also, there is evidence
that trust attitudes are transmitted across generations (Guiso et al., 2008a; Algan and Cahuc, 2010; Dohmen et al., 2012) and are
positively correlated with religious sentiments (Tan and Vogel, 2008).

In this paper, we take a step back and investigate the emotional foundations of trust attitudes, focusing on guilt aversion modeled
as a belief-dependent preference: individuals have a disutility—i.e., experience guilt—when disappointing others. As shown by both
the theoretical and experimental literature, guilt aversion fosters trust and trustworthiness (Charness and Dufwenberg, 2006; Attanasi
et al., 2016, 2019).2

In particular, we propose a model that analyzes how, depending on the features of the strategic interaction and the values of
a society, the psychological trait of guilt aversion is transmitted from parents to children, shapes the dynamics of play in a Trust
(Mini-) Game,> and consequently determines the evolution of trust and trustworthiness in the society. The paper predicts that when
traits are observable, as in small communities, the share of high-guilt agents in society weakly increases over time, and trust and
trustworthiness are maximized. Conversely, when traits are not observable, as in large anonymous societies, different levels of guilt
coexist, and trust and trustworthiness may increase only if parents are imperfectly empathic in transmitting traits and if there is
homophily in society.

The formal analysis of the effects of emotions on strategic behavior has been developed by what is called psychological game
theory (Geanakoplos et al., 1989; Battigalli and Dufwenberg, 2009; Battigalli et al., 2019a, and references therein). Psychological
game theory provides a way of showing how emotions play a role in planning strategies and choosing actions, by allowing individual
utility to depend not only on outcomes but also on (one’s own and others’) beliefs. In detail, individual’s emotional response to the
strategic environment and to the co-players’ actions is modeled with the introduction of psychological traits—e.g., guilt aversion
(Battigalli and Dufwenberg, 2007; Battigalli et al., 2019a), frustration and anger (Battigalli et al., 2019b), or self-esteem (Mannahan,
2019). In the context of the Trust Game, Attanasi et al. (2019, 2022) show how, introducing guilt aversion modeled as a belief-
dependent preference, the theoretical predictions fit better with experimental evidence than the standard models do.

The issue of where these psychological traits stem from has not yet been analyzed in psychological game theory. However, in the
psychological literature, there is evidence that personality traits are formed in the early stages of human development (e.g., Bandura
and Walters, 1963; Erikson, 1993, 1994). In particular, the psychological trait of guilt aversion is already present in children aged
10-12 years old (Ferguson et al., 1991), and its development occurs during childhood (Kochanska et al., 2002).

In this respect, our contribution is to endogenize and study the dynamics of guilt aversion, taking into account: (i) different styles
of parental transmission of traits; (ii) the effects of population shares on parental socialization efforts—i.e., cultural substitution vs.
complementarity; (iii) features of the strategic environment, such as the observability (or not) of individual traits and the presence
(or not) of assortativity in the matching.

Specifically, we consider a population partitioned into two groups characterized by different levels of guilt aversion (High or
Low). Two players, A and B, are matched, and player A (she) is endowed with 2 monetary units. She has to decide whether to
dissolve the partnership, choosing Out and dividing the money equally with player B, or to remain in the partnership by choosing
In. If she remains I'n, the money is doubled and transferred to player B (he), who can, in turn, decide to Share it equally with A
or to T'ake the whole amount. We define trust as the share of agents choosing I'n and trustworthiness as the share of agents choosing
Share.

Guilt aversion may play an important role in players’ choices. In this paper, consistent with insights from the evolutionary
psychology of emotions (Haselton and Ketelaar, 2006), we focus on the case in which players may experience guilt only when in
role B.* Following Battigalli et al. (2019a), B feels guilty if he believes he “lets player A down.” Given the nature of the game, player
A can only be disappointed by player B after In, as this is the only case in which player B has an active choice. Moreover, A may
be disappointed only when B decides to T'ake. In this case, B’s guilt is proportional to B’s guilt sensitivity and (beliefs about) A’s
expectation of receiving back half of the monetary units.

We assume that guilt aversion is a trait that is acquired during an early socialization process and that it does not change during
life, once acquired. We use the standard model of the intergenerational transmission of cultural traits (Bisin and Verdier, 2001,
2011).

In detail, each agent acquires their trait during childhood through two main mechanisms: (i) vertical (direct) transmission, in
which each parent exerts a socialization effort to transmit their trait to the child; and (ii) oblique transmission, in which each child
may acquire a random trait from the adult population in the society. This induces the dynamics of shares of agents displaying each
of the two levels of guilt aversion. These dynamics crucially depend on how parents choose their socialization efforts.

1 Many empirical studies show that culture and, in particular, social capital—which is mostly represented by trust and trustworthiness—has a huge impact on
different economic phenomena, such as economic growth (Knack and Keefer, 1997), size of firms (La Porta et al., 1997), financial development (Guiso et al., 2004,
2008b), the quality of institutions (Tabellini, 2008a, 2010).

2 Note also that guilt aversion is the predominant psychological trait found in the data, particularly in Trust Games (Attanasi et al., 2019, 2022; Bellemare et al.,
2017, 2019).

3 The Trust Minigame (named after Attanasi et al., 2016), is a binary-choice version of the Trust Game, similar to the one proposed by Kreps (1990). Henceforth,
we will always refer to it simply as Trust Game.

4 We acknowledge that agents might also feel guilty when in role A. Thus, in Section 7 we will briefly discuss the consequences of having players who experience
guilt also when they are in role A.
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The parental effort choice is determined by the relative advantage parents think their children will have if they are part of
their own group, as opposed to the opposite group—called cultural intolerance in the literature (see Bisin and Verdier, 2001). We
model cultural intolerance by considering parents who care about different aspects of children’s future utility when choosing the
socialization effort. In detail, we define as materialistic the parents who exert efforts that only depend on how different levels of
guilt sensitivity in the two groups induce higher or lower material payoffs. Then, we also consider societies in which parents care
about the fact that children may experience guilt on top of material payoffs, and, thus, socialization efforts are chosen by comparing
the expected psychological payoffs gained by the children with high or low guilt sensitivity during the interactions. In particular,
we consider both the cases in which all the parents are perfectly empathic—in the sense that they compute psychological payoffs
of each group using the correct psychological parameter—, and the case in which they are all imperfectly empathic>—namely they
just use their own psychological parameter to compute the psychological payoffs of both groups. Note that imperfect empathy may
arise, for example, if parents are moved by the fear of some moralizing god (Norenzayan, 2013). Indeed, thinking about large
monotheistic religions, when parents believe that a supernatural entity may punish them or their children for misconduct, or lack
of cooperation, they will evaluate children’s utility according to their belief—i.e., with imperfect empathy. Since in the above three
cases (materialism, perfect empathy, and imperfect empathy) parents differ in what they consider relevant to socializing children,
we name them as different parental values.

It is a well-known result (Bisin and Verdier, 2001) that, whenever cultural intolerance is independent of population share, the
socialization effort displays cultural substitution—i.e., it decreases in own group’s population share—and, this phenomenon generally
leads to long-run cultural heterogeneity (Bisin and Verdier, 2011). In our framework, as previously discussed, cultural intolerance
depends on the expected utility of the adult age game (Trust Game) evaluated differently depending on the parental values and,
thus, it may be affected by the shares of high and low guilt agents in the society. We show the way in which cultural intolerance
reacts to population shares may mitigate the standard baseline substitutability that arises from the will to transmit their own trait. In
particular, the socialization effort displays cultural complementarity—i.e., it is increasing in the own group’s population share—if and
only if the cultural intolerance reacts positively to changes in the size of the own group and it is elastic, so that, it is reactive enough
to population shares to overcome the baseline substitutability.

We start by considering societies where the individual traits are observed by all the agents and, thus, every individual observes
their partner’s trait. Then, only two equilibrium outcomes are possible: either the full cooperation path is observed; or player A
chooses Out at the beginning of the game. In both cases, agents do not experience any guilt and, as a consequence, the social
dynamics is independent of the parental values. Then, given complete information about the matching, individuals from the group
with high guilt are weakly more often in pairs in which the cooperative path is chosen and, therefore, their average payoff is weakly
higher than the one of low-guilt individuals. Thus, in the long run, the share of high-guilt individuals weakly increases as the levels of
trust and trustworthiness do. We show that, in this case, there is always cultural substitution which is still compatible with long-run
cultural homogeneity.

However, in large societies, individual traits are mostly not observable. In this case, the equilibrium path may have agents A
trusting their partners and some of their matched partners B betraying this trust. The existence of this equilibrium path has two
effects. First, guilt may be experienced in equilibrium by agents from the low guilt group, hence, parental values matter. Second,
low-guilt individuals have high material payoffs when they betray their partners’ trust. We find that, if parents are materialistic
or perfectly emphatic, the level of trustworthiness in the society weakly decreases over time, whereas, if parents are imperfectly
empathic, it may decrease or increase depending on the maximum level of guilt present in the society. Moreover, we find that cultural
complementarity may arise in equilibria in which betrayed trust is observed with positive probability, depending on parental values
and guilt sensitivities.

In the paper, we also show that social structure impacts the dynamics of trust and trustworthiness. We acknowledge that the
matching among agents may be assortative —i.e., the interaction pattern displays homophily. Indeed, assortativity in forming social
contacts has commanded a lot of attention and has been largely observed in many social contexts (e.g., Coleman, 1958; Currarini et
al., 2009). In such a case, to separate the effects, we focus only on societies with materialistic parents, showing that, if homophily is
low, the levels of trust and trustworthiness in the society weakly decrease over time, whereas if homophily is high, the levels of trust
and trustworthiness increase (weakly decrease) for high (low) population shares.®

Related literature This paper contributes, on top of the psychological game theory literature discussed above, to the theoretical
literature of cultural transmission that analyzes the interactions between the intergenerational transmission of traits and the strategic
environment. In detail, Bisin et al. (2004) and Tabellini (2008b), study the evolution of cooperation in a Prisoner’s Dilemma, focusing
on complete vs. incomplete information about the matching and the spatial interaction among agents, respectively. Della Lena and
Dindo (2023) study the different dynamics of acculturation when agents interact in strategic environments with either complements
or substitutes.

5 Note that, we refer to imperfectly empathic parents in a slightly different way than in Bisin and Verdier (2001). Indeed, we refer to the incapacity of parents to use
the correct guilt parameter to valuate their psychological utility, which can be possibly generated by their inability to fully empathize with agents who hold different
preferences. Their standard assumption of imperfect empathy (i.e., paternalistic altruism), that always leads parents to attempt to socialize their children to their own
trait, always holds in the paper.

6 We limited our analysis to the materialistic parents case as the standard analysis without homophily already show that imperfect empathy has a positive effect on
trust and trustworthiness. Therefore, we prefer to investigate the effect of homophily on trust and trustworthiness without the confounding interaction with imperfect
empathy.
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Lastly, in Guiso et al. (2008a) and Okada (2020) agents interact in a Trust Game, as in this paper. In particular, in Guiso et al.
(2008a) parents transmit their beliefs about the trustworthiness of others, whereas in Okada (2020) parents transmit the psychological
benefit to have a “good conduct”. The main difference is that, in our work, parents transmit their level of guilt sensitivity which
induces trustworthiness and consequently trust and the beliefs are determined in equilibrium.

The paper also relates to the literature about the indirect evolution of preferences (Giith and Yaari, 1992; Dekel et al., 2007) and
its applications in the context of the Trust Game (e.g., Giith and Kliemt, 1994). Our approach is different on two dimensions: (i) to
the best of our knowledge, we are the first to study the evolution of a psychological trait that affects belief-dependent preferences,
instead of an exogenous psychological preference’; and (ii) the evolution of traits is not due to a mechanical biological process
but to a purposeful parental transmission. The differences are not only methodological but also substantive. If we analyze trust
taking into account guilt aversion, the theoretical predictions better match experimental evidence, so that the model provides a more
appropriate description of the co-evolution of personal traits and behavior. Moreover, in our model, long-run results crucially depend
on the characteristics of parental preferences in the purposeful transmission of traits. This mechanism cannot be fully captured by a
(reduced-form) indirect evolution model.

The paper also informs the literature about economics of religions (see Iannaccone, 1998; Iyer, 2016; Carvalho et al., 2019, and
the references therein). Indeed, as stressed by Weber (2013), the sentiment of guilt is a crucial feature of religion and an integral
part of many cultures. Also, Guiso et al. (2003, 2006) show that religious people are generally more trusting. Since religiosity may
increase guilt attitudes, studying the evolution of trust—stemming from its emotional foundation in guilt aversion and the consequent
intergenerational cultural transmission—allows us to better understand the conditions that favor the diffusion of religiosity and its
relation with prosocial behavior in a society (e.g., Shariff and Norenzayan, 2007; Norenzayan and Shariff, 2008; Levy and Razin,
2012, 2014; Bentzen, 2019). Papers like Bisin and Verdier (2000), Carvalho (2013) Patacchini and Zenou (2016), and Bisin et al.
(2023), explicitly model the transmission of religion in a cultural transmission fashion. We are the first to consider the intergenera-
tional transmission and dynamics of a guilt sensitivity trait which can be interpreted as an religiosity-induced trait and to take into
account its effect on agents’ decisions and on the transmission process.

The paper is structured as follows. Section 2 presents the notation and the main features of the model: the Trust Game; the So-
cial Dynamics; and the Parental Values. In Section 3, we show how parental socialization effort reacts to changes in population
shares. Sections 4 and 5 characterize the equilibrium strategies of the adult age (trust) game and the implied social dynamics for
different parental values with complete and incomplete information, respectively. Section 6 analyzes the presence of homophily in
interactions. Section 7 discusses alternative assumptions and the implications of the model for the dynamics of religiosity. Section 8
concludes the paper. All the proofs of the propositions in the main text are in Appendix A. Appendix B characterizes the equilibria of
the Trust Game.

2. The model

We consider a society that, at each time r € N, is composed by a cohort of agents of mass 1 who are alive only at time ¢. Each
agent has belief-dependent preferences which display guilt aversion, and, at time ¢, she/he is randomly matched infinitely many times
with other agents to play what we called adult age game, which in our model is a Trust Game described in Section 2.1, maximizing
her/his instantaneous expected utility. Each agent, before dying, asexually gives birth to one child (alive at 7 + 1). Each parent, given
the outcome of their strategic interactions, chooses a socialization effort to transmit their own level of guilt aversion to the offspring
(Section 2.2). Then parents die and the process starts again with a new generation.

2.1. Trust game

We assume that the adult age game played in the population is a Trust Game (Berg et al., 1995; Attanasi et al., 2016). In the Trust
Game player A (she)® receives an amount 2 and has to decide whether to split this amount evenly with player B (he) by going Out
(O) or to transfer the whole amount to B by choosing In (I). If player A transfers it, the amount is doubled, and player B can decide
whether to Share (S) it evenly with player A or to Take (T') it all for himself. Fig. 1 shows the Trust Game with material payoffs.

We assume that both players are randomly drawn from a population with heterogeneous levels of guilt aversion, described below.
We assume that guilt is role-dependent, namely an individual may experience guilt only if he is drawn to play in the role of player B.
This is a simplifying assumption, which is however consistent with insights from the evolutionary psychology of emotions, where it
is argued that when a single emotion operates in different situations its consequences are affected by contextual cues (Haselton and
Ketelaar, 2006). Therefore, player A’s utility is not affected by guilt. Let us denote A’s strategies with s, € {O, I} and B’s strategies
with sz € {T,S}.° We assume that player A’s utility is u,(s) = m ,(s), where m ,(s) denotes material payoff of agents in role A, after
the terminal history induced by the strategy profile s := (s, sp).

We model guilt aversion as Battigalli and Dufwenberg (2007) and Battigalli et al. (2019a). In order to model the effects of player
B’s guilt aversion on his behavior we need to define players’ first- and second-order beliefs. As in Battigalli et al. (2019a), we assume

7 See the discussion about Psychological Game Theory above.

8 For simplicity of exposition we think of player A being female and player B being male. Of course, this is just a convention, as every male and female individual
in each population will play both roles with the same probability.

9 Note that we do so with a slight abuse of notation, as we call T (S) not only B’s action Take (Share) but also B’s strategy Take (Share) if In.

768



S. Della Lena, E. Manzoni and F. Panebianco Games and Economic Behavior 142 (2023) 765-793

A B 2,2)

(1,1 0,4

Fig. 1. Trust Game with material payoffs.

that players’ plans are logically distinct from their behavior, and as a consequence we can meaningfully define players’ beliefs on
own strategies. In particular, let a4, @p denote players’ first-order beliefs and B4, 85 denote players’ second-order beliefs.'® First-
order beliefs are players’ (probabilistic) beliefs on primitive uncertainty, such as own and partner’s strategies; second-order beliefs
are subjective probability measures about primitive uncertainty and about the partner’s beliefs. In the analysis of the game we will
introduce some features of these beliefs, for which we introduce a specific notation.

Player B, if guilt averse, suffers from guilt when he believes he is letting player A down. As a matter of notation let define, for a
generic x, [x]+ :=max{0, x}. With this, A’s disappointment is defined as

.
Dy(s.ay) i= [[EM A —mA(s)] . 1

which is the difference between A’s expected value of her material payoff and her realized material payoff given the implemented
strategy profile s, when the difference is positive. Note that i, is, from A’s point of view, a random variable, as it depends on B’s
choices as well. As in Battigalli and Dufwenberg (2007), we assume that player B feels guilty only for that component of player
A’s disappointment that is due to his behavior. Player B has belief-dependent preferences over material payoffs represented by the
following psychological utility function:

up(s,a;0)=mp(s)—6 [DA(s,aA) - rr:jnDA(sA,s;g,aA)] R 2)
°B

where: 6 € R, is player B’s guilt sensitivity — i.e., his level of guilt aversion—; minSrB D 4(s4, 57, @y) is the minimum level of

disappointment B can deliver to A; and [D A(s,ay) — minSrB D (54,57, A)] is the component of player A’s disappointment for which
player B is responsible and feels guilty. Note that, in a two-period game without chance move, this model is equivalent in terms of
best replies to a model in which player B experiences a guilt proportional to the full disappointment of player A, and not to his own
contribution to it. However, the two models differ in terms of B’s utility after Out, which is relevant in our model, as it affects the
average lifetime utility of players.

Let ai =P ,[S] be the unconditional probability that player A assigns to player B Sharing, and “,{x =P,4[I] the unconditional
probability that player A assigns to herself going In. These are features of A’s first-order belief. Given that we assume that players’
plans are logically distinct from their behavior (Battigalli et al., 2019a), players need not to be consistent with them. Therefore ai,
which is player A’s belief on his I'n choice, can take values different from 0 or 1, even though in the analysis we only focus on pure
strategy equilibria. Hence, player A can be disappointed not only after terminal history (I,7), but also after terminal history O (in
case she planned to go I'n to obtain a higher payoff, but failed to do so). However, the only case in which player B can experience
guilt is when player A’s disappointment is caused by player B’s choice. Therefore, in this model, player B can feel responsible for
A’s disappointment only after the terminal history (Z,T). In this case m,(I,T) =0, and player A’s disappointment is

Dy(s.ay) = [E, I = 0] = (1 —ah) 1 +al - 245,

Moreover, given that player B could grant player A her maximum payoff by choosing to Share, mins/B D 4(5 4,57, @ 4) = 0. Thus, the
psychological utility of (I,T) for player B (expressed as a function of player A’s first-order belief) is

up(,T,a;0)=4-0(1—al +2a5a’).
Fig. 2 represents the Trust Game with our specification of psychological utilities.

Note that player B does not know A’s first-order belief a 4, and therefore he chooses his strategy based on his second-order belief
Bs."!

10 Later in the paper we will introduce specific notation for the features of first- and second-order beliefs that are relevant for our analysis.

11 The features of B, that are relevant for the analysis are the expectations of ai and o) that player B has, conditional on player A having chosen In. We let
Pp(S) = [E[afllnl, and fz(I) = [E[aillnl. Note that the latter may be smaller than 1, because B may think that player A goes In assigning positive probability to a
mistake.
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A In B Share @2

Out Take

(1,10 (0.4-0(1-a} +2a7a}))

Fig. 2. Trust Game with psychological utilities.

2.2. Social dynamics

We now introduce the cultural composition of the society and discuss the social dynamics implied by the outcome of strategic
interactions in the adult age game.

Each agent belongs to one of two homogeneous cultural groups, where C :={L, H} is the set of groups. Each agent has guilt
sensitivity in © := {6%,0% ) € R2, where © is common knowledge. Without loss of generality, we assume 6% < 0, so that L is the
low guilt group and H the high guilt one. At any given € Ny, let ¢/ be the measure of group i € C in the society.

As discussed above, agents play infinitely many times the Trust Game described in Section 2.1. Each time the game is played,
agents are matched with a partner randomly drawn from the whole population and they play in both roles (A4, B) with the same
probability.

At the end of the strategic interactions, agents observe the frequency of actions played in the society by agents of each group and,
thus, assuming common knowledge of the game form, they can compute the average payoffs.

With a little abuse of notation, we let i € C denote both the group and the representative agent belonging to that group. Each
parent i € C chooses a socialization effort r{ €[0,1] to transmit own trait to their own child.!? In order to choose an effort each
parent must have an expectation of the utility they derive from having a child with their own guilt sensitivity as opposed to a child
with a different one. At each time ¢, each parent i € C has a conjecture about the future population shares at # + 1. We assume adaptive
expectations along the paper, so that parents form conjectures about population shares at 7 + 1 using the observed population shares
at ¢. This implies that all agents share the same conjecture. Formally, for each i € C, [Eﬁq’_ [q: = q', where the common conjecture 54;

1

is the Dirac measure at qf .13 This means that parents do not internalize changes in the population shares due to the cultural dynamics
we describe below. For each i € C and j #1i, let ¥/ and V,” be the utility each parent i at time ¢ expects from having a child in group
i or j, respectively. In Section 2.3, we discuss how these utilities are formed, allowing both for the case in which parents just care
about own child’s material payoffs, and for the case in which they also care about psychological utilities.

We now describe the transition probabilities which characterize the cultural transmission process (Bisin and Verdier, 2001). In
detail, each parent directly socializes the child to own trait with a probability equal to their own socialization effort ¢/ — vertical
socialization. If this socialization fails, the child randomly takes a trait from the population — oblique socialization. Therefore, the
probability that, at time ¢, a child of parent i acquires trait i is given by

pi=pr)a) =7+ (1 =1}, (3

Analogously, p;j = —7H(l —g).
Each parent i € C, given g/, chooses the effort z/ that maximizes their subjective expected utility

By () =p V" + (1= pOV = 5z C)

where %(rf )? is the cost of socialization. Indeed, with probability p/ they get a child with their own trait and gain V", while with
probability p they get a child with a different trait and gain V,”. Let AV :=V/' =V, and similarly AV := V) — V/'. These are
referred to in the literature as cultural intolerance of group i and j, respectively. Solving the parental optimization problem we get,
foreachieC,

Ti = T(q;,Al/[,) — [(1 _ q;)AI/,‘]+ (5)

t

Note first that, if parents of group i expect to receive a higher utility from having a child with a different trait than a child with
their own trait, they do not exert any effort. The higher the cultural intolerance AV, the higher the effort, given that parents think
that being of their own trait is the more profitable for their children the higher AV,'. Moreover, it is trivial to see that, when AV}
is independent of ¢}, parents of group i increase their socialization effort when their population share decreases. This property is

12 We refer to agents as parents when we discuss their socialization efforts, i.e., when they take actions related to their role as parents. Moreover, we refer to both
parents and children with the singular they.

13 Note that this assumption implies that at steady states conjectures about population shares are always correct. We refer to Della Lena and Panebianco (2021) to
understand the effect of wrong conjectures about population shares in a cultural transmission framework.
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known in literature as cultural substitution. In Section 3 we study what happens, instead, when cultural intolerance is endogenously
determined by population shares, and this endogeneity is of paramount importance for our analysis.
The population dynamics is given by

g, =dq - r+0-qg)-p

Using the continuous-time approximation we get

di=q'0-g) -1, 6

which, when both efforts are positive, reads
g =dj(-g)((1 - ghav - gav/). )

Lastly, when one effort is zero, the dynamics is trivial.
2.3. Parental values

Parents may care about different aspects of their children’s life while forming subjective expected utility from having children with
different traits. Depending on the cultural features of the society parents live in, some of these aspects may be prevalent.'* For our
purposes, we consider both parents who care only about material payoffs and parents who care also about children’s psychological
utilities.

Let s, :=(s!);cc be the equilibrium strategy profile of the adult age game at time ¢.!> For each i € C and ¢ € N, define &' as the
average material payoff of agent i € C in the stage game. Given our assumptions about the matching, this is equal to the average
lifetime material payoff agent i € C experiences. Namely,

=l (s,) = ;A(s,)+ —miy(s)),

where, m’;‘(s,) is the lifetime payoff gained by agents when playing in role A, and m"B(s,) is the one gained when playing in role B.
Similarly, we define the average psychological utility of agent i € C in the adult age game as

i =i(s;0) = %u;(s,;e")Jr %u;(s,;e"),

where ui‘(s,; ') is the lifetime utility experienced by agents when playing in role A, whereas u"B(s,; 6') is the one experienced playing
in role B. We distinguish between materialistic parents and those who care also about children’s psychological utilities. The latter
can be further classified as perfectly and imperfectly empathic parents. Specifically,

(M) Materialistic parents. These parents care only about their own children’s material payoffs, so that V" = i and Kif = m{ Given
that E by [q;+1] =g/, parents expect the average material payoff of each group at 7 + 1 to be the same as the average material

- )
1= ‘/ . Thus, AV = % =—AV/, which implies
t n

t

payoff of that group at time ¢, that is, for all i, j € C, [E5 [mi 1=, [E5 [’

t+1 t+1

that only one of the two efforts is positive and, thus, the social dynamlcs for each is given by

3

-.\. ~

= -q7(m-m)  if
¢=wyu—¢mm —il) s

, ®

>
< m

=

i.e., ¢! is positive when i/ > rh{ and negative when the opposite relation holds.

(PE) Perfectly empathic parents. These parents care about their own children’s psychological utility. When parents evaluate the
expected utility of their own children being of a given cultural group, they are able to perfectly identify themselves with agents
of that group. Therefore, they use the correct guilt sensitivity to compute the psychological utility experienced by agents of that

,/

1= [u 1= Thus we have that AV, = L = —AV’

group. Given that [Eé [qx+|] = q,, it follows that, for all i, j € C, [E’ [u 1 P

t+1

which implies that only one of the two efforts is positive and, thus, the dynamlcs is given by

d=qa-g2(d-a)  if @>d
il =GP0 -q) (7 -a) P ©

i =i =]
if o<

14 These cultural features can be shaped for example by cultural leaders (see, for example, Verdier and Zenou, 2015; Prummer and Siedlarek, 2017; Verdier and
Zenou, 2018).

15 We focus here on the case in which the adult age game has a unique equilibrium strategy profile. In the characterization of the equilibria we will also provide
selection criteria such that a unique equilibrium is selected at any parameterization.
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i.e., ¢’ is positive when & > 12{ and negative when the opposite relation holds.
(IE) Imperfectly empathic parents. These parents care about their own children’s psychological utilities but, when they evaluate
the expected utility of a child of any cultural group, they use their own guilt sensitivity to compute the offspring’s psychological

utility. In detail, [Eisq‘_ [aiﬂ] = %u;(s,;ei) + %u[B(sr;ei) =i as before. When j # i, instead,
1

N o 1 ) 1 )
ay =E; (@, 1= Equ(s,;e')+ Eu;(s,;ﬁ’).
4t

. i) X

Then AV} = 'f,. “j #—AV,. As a consequence, both parental efforts may be positive, in which case the dynamics is given by (7),
ut +Mt

and it becomes

di=dl(1 =) (1 - )@ - ) - g/@ — ). (10)
3. Cultural substitution and complementarity

In this section we analyze how parental socialization effort reacts to changes in population shares. Formally, we say that a
I .. Loor o as .ot .
socialization effort 7, displays cultural substitution if a—;‘, < 0, whereas it displays cultural complementarity if a—;‘, > 0. We also define the
s 1
.. . . . . INZE ;
elasticity of the cultural intolerance of group i with respect to the share of group j in population as ¢;; := P - %. Recall that AV}
q; t
represents parent i’s expectation on the relative material or psychological advantage of having a child belonging to own group. Then
NG

t

—= is a measure of the effect of a change of the population share of group j on the effort of parents i, passing through cultural

oq
intolerance. Therefore, the elasticity provides a measure of the responsiveness of the cultural intolerance to a change in the size of
the opposite group.

Proposition 1. Consider the optimal socialization effort in equation (5). Then, for each i € C and j #i,t

vi A o
-t >0, 7, displays cultural substitution;
9

- if

0A

P)

. if d:—‘;’ <0, 7! displays cultural substitution if and only if ¢; ;>-L
4

Recall from equation (5) that the optimal socialization effort is r,’ = [(1 - q;' )AV,’ ]Jr. Then, we see that, besides the effect of ¢, on
the cultural intolerance AV}, there is always a baseline level of cultural substitution.

Proposition 1 shows that, when the cultural intolerance increases in the share of agents belonging to the other group—so that
g;; > 0—, an additional motive of substitution, stemming from the change in the payoffs of the adult age game, comes into play and,
thus, the socialization effort necessarily displays cultural substitution.

If, instead, the cultural intolerance decreases in the number of agents belonging to the other group—so that, ¢;; <0—a comple-
mentarity between own group size and socialization effort arises. This happens whenever the average payoff of agents in group i is
higher when interacting with agents of group j than with agents of the same group. The magnitude of this overall effect depends on
how responsive cultural intolerance is to population shares. Thus, if the cultural intolerance of i is (negatively) elastic with respect to
J’s group size (i.e., |g;;| > 1), the complementarity effect dominates and, thus, socialization efforts display cultural complementarity.
Conversely if the cultural intolerance is rigid with respect to the other group’s size (i.e., |¢;;| < 1), cultural substitution is displayed.

In the next sections, together with the analysis of the equilibria and of the population dynamics, we also describe how cultural
intolerance depends on the specific parental value and on the level of guilt sensitivity, so as to analyze more in detail the cultural
substitution/complementarity properties (see Corollary 1 and 2).

4. Complete information about the matching

We first study, as a benchmark, the case with complete information about the matching, in which traits are observable—i.e.,
both matched agents know which group their co-player belongs to and this is common knowledge. Complete information about the
matching means complete information over the partner’s guilt sensitivity 9.1°

Since there are only two cultural groups in the society, from this section on we will refer to the population share of low guilt
agents, g, as ¢, and to the one of high guilt agents, ¢ =1-¢l, as 1 -¢,.

16 We assume that player B’s utility depends on player A’s expectation given the matching. Player A could also form her expectation on her per-period payoff
before the match is known. More than that, player B could feel guilt for letting player A down from her initial expectations, instead than letting her down from
her expectations given the match. The analysis of the case in which there is complete information on the matching, but player B cares about player A’s ex-ante
disappointment is available from the authors upon request.
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Fig. 3. Equilibrium behavior for agents of the two groups in the case of common knowledge of the matching.

We analyze the Bayesian Sequential Equilibria (BSE) in pure strategies of this Trust Game with role-dependent guilt aversion.'”

Note that we have four possible types of match, and, in principle, four possible equilibria to be defined, indexed by the specific
match ji—player A of group j, player B of group i—, with strategies s// := {sﬁ ,s’;}, and second-order beliefs p// := { ﬂj i,ﬁg}.
With role dependent guilt aversion, only group i of player B matters, as it determines his guilt sensitivity §'. Hence, equilibrium
strategies are just indexed by the group of player B, and for every j,i € C, s' :=s" = s/' {and g’ := p/' = p''}. Therefore, a BSE (in
pure strategies), given a match in which the B player belongs to group i, is given by a (pure) strategy profile s’ = (si‘,s’é), and a
corresponding profile of second-order beliefs g’ = (8, f;), where second-order beliefs g are correct.$!

We refer to Battigalli et al. (2019a) for the full characterization of the equilibria, and we simply report the (pure) strategy profiles
that are compatible with equilibrium. These equilibrium strategy profiles, depending on the guilt parameter of the player B’s ¢', are:

-se {(0, 1)}, if 0 < 1;
-se {(0,T), (1,S)}, if o' e[1,2];
- s e(d,s)},if 6/ > 2.

This equilibrium characterization tells that if guilt aversion is low, the equilibrium path of play is the same as in the Nash
equilibrium of the game without belief dependent preferences, and agents always choose to stay Out. On the contrary, as guilt
aversion increases, also (1,.5) becomes an equilibrium strategy profile. If guilt aversion is very high, then only (7,.5) can be sustained
in a BSE.

Note that, as just mentioned, for values of guilt aversion ¢’ € [1,2] there is a multiplicity of strategy profiles which can be sustained
in equilibrium. We assume that, whenever multiple equilibria exist, the Pareto dominant one is selected, as also done in Tabellini
(2008b) and Attanasi et al. (2022).2° In this case, the assumption about the selection criterion implies that in the region where
6" € [1,2] the selected equilibrium strategy is (I, S). Therefore, the selected profiles of equilibrium strategies are:

-s'=(0,T),if0' <1,
- si=(1,8),if 0> 1.

Fig. 3 summarizes the behavior of individuals depending on the group of player B, and on the guilt sensitivity of the two
populations. Notably, A’s second order beliefs can be directly derived from equilibrium behavior. Specifically, ﬂjg(S) =0 when ¢’ < 1
and f,(S) =1 otherwise.

17" We use Bayesian Sequential Equilibrium as it is the extension for psychological games of Sequential Equilibrium (Kreps and Wilson, 1982), which is a widely
used refinement. We focus on BSE due to the need of selecting a unique equilibrium of the stage game for every parametric specification. See Battigalli et al. (2019a)
for the definition of BSE, for an extensive discussion of solution concepts for psychological games and their properties, and for the characterization of BSE in pure
strategies of the Trust Game with role-dependent guilt.

18 In order to analyze the cultural transmission process we focus on pure strategy equilibria only.

19" Note that we could extend our analysis to the case in which beliefs are incorrect using, for instance, selfconfirming equilibrium (refer to Battigalli, 1987; Fudenberg
and Levine, 1993; Battigalli et al., 2015). In particular, we can show that (in addition to (O,T) and (1, S)) it may exist a selfconfirming equilibrium in which player A
has wrong, but confirmed, first order beliefs about B’s action and chooses to go Out even if B would be willing to Share. Note that this would enlarge the occurrences
in which trust is not observed.

20 gee Appendix C of the working paper version of this paper for a discussion of the refinement criterion, and for the derivation of the result.
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Table 1
Average material payoffs and psychological utilities, given the levels of guilt aversion and the group, when the
matching is known.

Bounds of the region Average material payoff/psychological utility Equilibrium Strategies
oL <ot <1 st =sl =0, 1)
ot <1< st=(0,1), s =(1,5)
1<ot <o st =st=(1,5)

Given that #* < ¥, we have three relevant parametric regions for the analysis. For each of them, we characterize the equilibrium
outcomes of the stage game given the match, at every time r € N.

Region 1 6L <6H < 1. In this region, for every type of match, there is only one sequential equilibrium outcome, that is, for each
i€ C, s’ =(0,T). At any interaction each individual plays in role A with probability %, in which case she meets a co-player of
group L with probability ¢,. However, regardless of the role and the group of the co-player, each player gains a material payoff of
1 in every interaction. Therefore, the average material payoffs at each time  are m = a7 = 1. In such a case, material payoffs and
psychological utilities coincide.

Region2 9L < 1<60". In this region the equilibrium strategies depend on the specific match. If the individual plays in role A (which
happens with probability %) her payoff depends on the guilt sensitivity of the matched partner (and therefore on the composition
of the population g,). If he instead plays in role B, the equilibrium strategy and his payoff depend only on his guilt sensitivity. The
average material payoffs are therefore

_p_ 1 1 3-4
=5 (g 1+1=g)-2) + 5 1=——,
_ 1 1 4-¢
m,H:z(q,~l+(l—q,)~2)+§~2=Tt,

and they coincide with the average psychological utilities i, iz .

Region 3 1 <6 <@ In this region, for every type of match, there is only one sequential equilibrium outcome, that is, for each
i€C,s'=(,S). At any interaction each individual plays in role A with probability %, in which case she meets a co-player of group
L with probability ¢,. However, regardless of the role and the guilt sensitivity of the co-player, each player gains a material payoff of
2 in every interaction. Therefore, the average material payoffs at each time ¢ are ml = mf =2. In such a case, material payoffs and
psychological utilities coincide.

Note that, in all the three regions discussed above, as the path (I,7T) never occurs, the average material payoffs coincide with the
average psychological utilities (with both perfect and imperfect empathy) in each group, that is for each i € C, m! =i = i}, given
that guilt is never experienced in equilibrium. Therefore, focusing on parental values, given that for each i € C [Efqu [9,41]1=q,, we also

have that V' = V,j "= /Al =& =al. This means that the utility each parent expects to derive from a child of group i is independent of
both her parental values and her group. Table 1 summarizes these results.

Let us now analyze how the results of Proposition 1 on cultural complementarity and substitution, hold when agents have complete
information about the partner’s group.

Corollary 1. Under complete information about the matching, independently of the parenting style, the socialization efforts in equation (5)
for both groups L and H always display cultural substitution.

The result trivially follows from the functional form of the optimal socialization effort, z/ = [(1 — g)AV/]*. Indeed, as we can see
from Table 1, for each i € C, AV is independent of population shares, so that only the cultural substitution passing through (1 - ¢/)
is present.

4.1. Social dynamics
We now analyze the social dynamics. Let a5 € 0y :={q,(0) €10,1] : 4,(6) =0} denote a generic steady state of equation (6) at a
given 6 := (6%,0"), and s‘; the corresponding steady-state equilibrium strategy for a generic i € C. Note that we introduce a notation
that highlights how the social dynamics may depend on the vector of guilt sensitivities 6.
Proposition 2. Given the dynamics in equation (6) and complete information about the matching, independently of the parenting style,
(@ If 6% <6H < 1, then g} = g and, for each i € C, si =(0,T);
(i) If 1 <6 <6, then g}, = qo and, for each i € C, siy = (I, S);

(i) If 6% <1 <6, then O} = (0,1} and g}, = 0 is globally stable, and, for each i € C, si = (I,.S).
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Fig. 4. Population dynamics and selected equilibrium strategies in the case of common knowledge of the matching.

Fig. 4 represents graphically the population dynamics and the steady-state equilibrium strategies observed described in Proposi-
tion 2.

Points (i) and (ii) of Proposition 2 state that, if the guilt sensitivities of the two groups are both high (1 < 8X < ") or both low
(6L <6 < 1), any vector of population shares is a steady state as it delivers the same material payoffs and psychological utilities
for agents of both groups. If 8L < 97 < 1 (Region 1), we always observe Out as equilibrium path, independently of ¢,. Indeed, each
agent, when playing in role A, is aware of the fact that the partner, independently of his group, has such a low guilt sensitivity
that he is not willing to Share, thus any player A chooses Out. Conversely, if 1 <8L < 6" (Region 3), we always observe (I,S) as
equilibrium path, independently of ¢,. Indeed, the guilt sensitivity of both groups is so high that any player B always chooses Share
and this induces players A to go In. In both cases, cultural heterogeneity persists in the long run. Note however that, this cultural
heterogeneity is coupled with substantive homogeneity in behavior.

Point (iii) of Proposition 2 states that, when % < 1 <9 (Region 2), only agents of group H survive in the steady state and the
observed equilibrium path is always (1,.5). Given that player A has complete information about the guilt sensitivity of player B, she
will go In when matched with agents of group H, and Out when matched with agents of group L. In the former case they both
gain 1, whereas in the latter they gain 2. Therefore, the average payoff of agents who belong to group H is higher than the average
payoff of agents who belong to group L. In this case, cultural heterogeneity is not sustained in the long run and agents of group H
invade the society. It is interesting to notice that in this region the social dynamics leads to a homogeneous population in the long
run, despite the presence of cultural substitution.?!

Proposition 2 states that results are independent of parenting styles. Notably, even if parents are materialistic, guilt sensitivity
plays a role for the evolution of the population dynamics. For example, consider a materialistic and selfish society where agents have
no guilt aversion (8L = 0) — i.e., the y-axis of Fig. 4. Suppose that a new small group of agents with positive guilt aversion (6 > 0)
enters in the society at time ¢ so that g, = 1 — ¢, with an arbitrary ¢ > 0. If the guilt sensitivity of this minority group is small, 87 < 1,
the trait is preserved in the long-run but has no effect on the outcome of the society. If, instead, the guilt sensitivity of the minority
is large enough, 6% > 1, then, not only the trait is preserved but it also dominates in the long-run and leads the whole society to play
(1, S). The result holds irrespectively of the size £ and of the parenting style.

Overall, if at least one group has a high enough guilt sensitivity (i.e., #% > 1) and agents are able to observe the guilt sensitivity
of their partner, in the long run the level of trust of the society (namely the share of agents playing In) reaches its maximum. The
following remark presents the implications of the results above on the level of trust (worthiness).

Remark 1. When traits are observable, independently on the parenting style, the levels of trust and trustworthiness in the society
weakly increase over time.

5. Incomplete information about the matching
The assumption of observability of the guilt aversion trait may hold in small communities, but is less realistic in large anonymous

societies. Depending on the way agents interact in the society they live in, they may observe (or infer) the guilt aversion traits of
their partners or not. As a matter of example, in large cities, in which interactions are much more sparse and happen daily also

2l In this case, despite the fact that z displays cultural substitution, the long-run homogeneity is reached because /' is always zero.
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Fig. 5. Selected equilibrium behavior in the case of unknown matching. The (red-)shaded area represents the regions in which the selected equilibrium outcome is
the same as in the complete information case.

among agents who do not know each other, it is very likely that the trait of the matched partner is not observed. Therefore, in this
section, we study the long-run dynamics of guilt when agents in their adult age interact in a strategic environment where, for each
interaction, there is incomplete information about the matching, i.e., player A does not know whether player B belongs to group H
or L. As a consequence, player A forms beliefs on her expected payoff by combining her beliefs on the probability that players B from
group i € C Share, with the information on the population shares, ¢,. Note that the population shares, and in turn the strategies, now
depend on 7. However, for simplicity of notation, we drop the subscript 7 as long as we analyze the equilibrium of the Trust Game.
We restore the dependence on 7 explicitly in Section 5.1 when we analyze the social dynamics. The disappointment of player A now
depends on A’s beliefs on both low guilt and high guilt B players, and on the population share of the low guilt group, g as follows:

Dy(s.ay) = —ak) 1+ak 2(qak® + (1 - gal’®).

Note that the main difference between complete and incomplete information is that in the latter the agents’ expected payoffs and,
their strategies, depend on the population share ¢. In detail, the expected payoffs of players in role A depend on their beliefs about
how many agents plan to play Share when in role B. This, in turn, affects the second-order beliefs of agents in role B, and their
possible psychological loss.

A BSE in pure strategies is now constituted by a profile of strategies s = (sy4, sg,sg’ ), together with a profile of (correct) second-
order beliefs g =(f,, ﬂlé’ ﬂg )— where the first element of the vector refers to player A, the second to player B if belongs to group L,
and the third to player B if belongs to group H. Note that, as far as player A is concerned, the equilibrium describes her behavior
and her beliefs regardless of her group, as we assume that each player A holds the same (homogeneous) beliefs. Player B’s behavior,
instead, depends on whether he belongs to group L or H. Note that, the composition of the population ¢, affects both player A’s
beliefs and her disappointment, and therefore it affects the equilibrium which is played.

Appendix B characterizes the (pure strategy) BSEs of this game. Some of the regions suffer of the same problem of multiplicity
of equilibrium strategy profiles, as for the case with complete information. As before, we select equilibria according to the Pareto
dominance criterion.??

Let us define 0(q) := ﬁ Fig. 5 summarizes the selected equilibrium strategies and second order beliefs in different regions of
the parameter space. To understand how incomplete information about the matching shapes behavior with respect to the complete
information case, in Fig. 5 we highlight the areas in which the equilibrium outcomes are the same as in the complete information
setting. Differently from the case of complete information, we report the second order beliefs because they are derived both from
behavior and population shares. Thus, the dynamics of beliefs follows the dynamics of population shares.??

Let us now discuss the results keeping the same classification of regions as in Section 4 for ease of comparison.

Region 1 (0% <6% < 1) Agents always choose Out when in role A and Take when in role B, regardless of their group, as in the
complete information case.

22 Further details of the equilibrium selection procedure can be found in Appendix C of the working paper version of the paper.
23 Note that second order beliefs of B players from different groups coincide, given that A does not know B’s group and therefore A’s first order belief does not
depend on B’s identity.
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Table 2

Average material payoffs and psychological utilities, given the levels of guilt aversion, the group, and the population
share, when the matching is unknown.

Pop. share Bounds of the region Average material payoff Average psychological utility
g <t 0L <1 and 07 <(q,) bl =mt =1 al=at =1
6" <1and 6" >6(q,) it =3-q, il =3-q,-6"(1-¢q),
ml =2-gq, il =2-gq,
6L >1and 6" > 1 mk =mt =2 at =gt =2
q,>§ oL <1 ml=mt =1 at=at =1
1<ot <ot mk =mt =2 at=at =2

Region 2 (0% <1<0") Let us first consider players in role A. Note that L agents have such a low guilt sensitivity that, when in role
B, they always Take, independently of the population shares. Therefore, if g > % (Fig. 6b), independently of what agents H choose,

an agent in role A always prefers to go Out. Conversely, if g < % (Fig. 6a), the optimal choice depends on what agents H do when
playing in role B: if they Share, the optimal choice for players in role A is to go In, so that the equilibrium strategy is (I,T,.S); if
they Take, the optimal choice is to go Out and the equilibrium strategy is (O,T,T).

Consider now agents in role B. As we discussed above, agents L always T'ake. Instead, the optimal choices of agents H when
in role B depend on both ¢ and their own guilt sensitivity. The threshold 6(q) is the guilt sensitivity for which, given g, agents H
are indifferent between Sharing and Taking. For higher levels of guilt sensitivity (8" > 8(q)), agents H always Share, and for lower
levels (8¥ < A(q)) agents H always Take.

Note that, if ¢ increases, the area in which the equilibrium strategy profile is (O,T,T) grows larger, given that 6(q) = ﬁ is

increasing in ¢. As a matter of fact, when ¢, is large, the expected payoff of player A from going I is low and so is her disappointment.
Region 3 (1 <6 <0H) In this region, the equilibrium strategy profile that survives the Pareto dominance selection is (I, S, S). Thus,
the equilibrium outcome is the same as with complete information for every possible matching.

Table 2 reports the equilibrium average material payoffs and psychological utilities in the different parametric regions. Note that,
psychological utilities differ from material payoffs only when the selected equilibrium prescribes (1,7, .5).

As we did in the previous section, we now analyze the results about cultural complementarity and substitution of Proposition 1 when
agents have incomplete information about the partner’s group.

Corollary 2. Under incomplete information about the matching,

« o displays cultural complementarity if and only if parents are imperfectly empathic and 6* < 1 and 6% > 0(q,);

« tL displays cultural complementarity if and only if parents are (perfectly or imperfectly) empathic and 3 (ll—q 5 < 0F <1 and 01 > (q,).

From Corollary 2 we see that socialization efforts may display cultural complementarity only when the equilibrium strategy
profile is (I,T,S) — i.e., in the area #* < 1 and 0" > 6(q,) — and only if parents take into account children’s psychological utility
when choosing the optimal socialization effort. Indeed, from Table 2 it is straightforward to see that only in this parameter space the
cultural intolerance may depend on g;.

In this area, when parents are imperfectly emphatic the optimal socialization of parents of group H always displays cultural
complementarity because the higher their share, the higher the share of matches in which the cooperative path (1,.5) is played and
the higher the payoffs.?*

Consider low guilt agents. As shown Table 2, L agents always have a material advantage over H agents, but the mX — mf is
independent of ¢,. Thus, if parents were just materialistic, only cultural substitution would have been displayed. If parents have
positive guilt sensitivity and are empathic, their guilt towards H agents would counterbalance this effect —i.e., a higher share of L
agents in the society implies that they feel less guilty and also that they have higher incentives to transmit their own trait. However,

for low guilt sensitivity levels (i.e., L < x 1' ” )) this effect is not strong enough and we always see substitution. On the contrary, if
4
1

omplementarity arises.
2(l—q,))c plementarity arises

guilt sensitivity is higher (i.e., 6% >
5.1. Social dynamics

We now consider the population dynamics induced by the equilibrium strategies. Given that material and psychological payoffs
differ for some parameter space (as shown in Table 2), we have that the dynamics may differ depending on the parenting styles.

Indeed, by looking at equation (6), it is clear that the dynamics is characterized by the difference in the socialization efforts, which
in turn depends on the way parents evaluate children’s expected payoffs, i.e., on their parenting styles, as discussed in Section 2.3.

24 Notably, if they were perfectly empathic and, thus, evaluated the future psychological payoffs of low guilt children with the correct psychological parameter, they
would have never socialized them because AV <0.
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Fig. 6. Population dynamics and selected equilibrium strategies in the case unknown matching and materialistic or perfectly empathic parents. The (red-)shaded area
represents the regions in which the selected equilibrium outcome is the same as in the complete information case.

In what follows, we present the full characterization of the population dynamics and the steady-state strategies for the whole
parameter space 6 and for any possible ¢, (see Figs. 6 and 7 and Table 2).

We begin by characterizing the dynamics in the regions where they are independent from parenting styles (Proposition 3). We
then focus on the most interesting case, where different parenting styles generate different dynamics (Propositions 4 and 5).

Proposition 3. Consider the dynamics in equation (6) with incomplete information about the matching, and fix (6, q). If either () q, > %,
or (ii) gy < %, 6L <1, and 6% < 8(qy), or (iii) gy < % and 1 < 6" < 6", then, independently of parenting style, 4,(6) =0, so that g}, = q.

The proposition characterizes the dynamics in those regions in which the average psychological utility is the same across groups
and it coincides with the average material payoff, as there is no psychological loss from guilt (see Table 2). This happens in regions
in which players in role A go Out and in those where all agents behave alike regardless of their group —as both guilt sensitivities
are very high or very low. In all these cases, independently of the parenting styles, ¢,(6) =0 and the steady-state population share
coincides with ¢,.

Let us now focus on those cases in which the parenting style plays a role, namely when ¢, < %, 6L <1, and 6% > 4(q,). Note that
the threshold (q,) evolves together with the population share, and this must be taken into account for the characterization of the
steady state gj.

Materialism and perfect empathy If parents are materialistic, only material payoffs play a role in determining the optimal socialization
efforts. In such a case, the material advantage in favor of group L, induced by the equilibrium strategy (1,7, S), makes - >/ =0,
so that the share of agents of group L increases. The same holds in the presence of perfect empathy, as the material advantage that
agents of group L have from Taking in role B is larger than their psychological loss from guilt. As a matter of fact, agents belonging
to group L could ensure themselves the same utility as agents of group H by Sharing in role B, but they have a higher psychological
utility from Taking. Proposition 4 characterizes the dynamics and the steady state for this case. Let gou :={q : 6% =8(q)}.

Proposition 4. Consider the dynamics in equation (6) with (M) or (PE), incomplete information about the matching, and fix (0, q,), with
4 < % If 6F < 1 and 67 > 6(qy), then §,(8) > 0, g} = min{Gyu, % }, and sy =(1,T,S).

From Proposition 4, we can see that, if parents are materialistic or perfectly empathic, in the considered region the share of group
L in the society, g,, increases. When this happens, 6(g,) increases as well up to the point where either 6(q,) = 0" or ¢, = %

The Fig. 6 summarizes the social dynamics in the presence of materialistic and perfectly empathic parents, merging the results
of Proposition 3 and 4. Specifically, in Fig. 6b we see that whenever ¢, > % there is no dynamics, whereas Fig. 6a shows that when
q; < % there is a region in which the share of agents of group L in society increases.

Let us now compare the social dynamics with incomplete information with the one with complete information (i.e., Fig. 4). We
find a difference in Region 2 (9L < 1 < 6%). In particular, if g, > % (Fig. 6b), there is no dynamics and the population shares remain

fixed independently on the initial conditions. On the other hand, if ¢, < %, when 0 € [l,é(q)) all the agents gain the same utility
and population shares are fixed over time, given that player A always goes Out; whereas, if 87 > 6(q) the share of agents of group
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L increases. Therefore, we can conclude that if parents are either materialistic or perfectly empathic, incomplete information favors
agents with low guilt sensitivity, L, and always guarantees cultural heterogeneity in the long-run.
The implication of the dynamics on the level of trust and trustworthiness are contained in the following remark.

Remark 2. When traits are not observable, if parents are materialist or perfectly empathic the level of trustworthiness in the society
weakly decreases over time.

Imperfect empathy Let us now consider parents who evaluate the psychological utilities of children using their own guilt sensitivity.
Let us recall that, in the region where 8- < 1, 89 > 8(qy), and ¢, < %, the psychological utility of low guilt agents is ﬁtL =3-¢q, -
0%(1 — q,), whereas high guilt agents do not face any psychological loss and, thus, #" = mf =2 — g, (see Table 2). Under imperfect
empathy high guilt parents evaluate the psychological utility of agents belonging to group L as aF =3 — g, — 67 (1 — g,). Therefore,
given #H > 9L, high guilt parents overestimate the eventual psychological loss of a child of group L and, thus, they exert a higher
socialization effort with respect to perfectly empathic parents. Low guilt parents, on the contrary, exert the same socialization effort
7l as perfectly empathic parents, because on the one hand they evaluate their children’s psychological utility with the correct 6%,

and, on the other hand, their evaluation of group H utility is not affected by any assumption about parents’ empathy because they
1-(1-g)%0" 5

do not experience any guilt. Let us define the following values: 8'(q,) := pyru 0(q,) := %, Gou :=1{q: 6" =0'(qy)}, and
\ 14y —dr

Gor i=1{q : 0 =0(qy)}.%

Proposition 5. Consider the dynamics in equation (6) with (I E) and incomplete information about the matching. Fix (0, q,) with q, < % If
0t <1 and 0" > 0(qy), then,

- if 04 < 0'(qp), then g, > 0. Moreover, if 0 < 6(qy) then g}, = min{g,u ,q;H,qAHL }, whereas, if 0© > 0(qy) then g, = min{ %,qu )
« If 07 > 6'(qp), then ¢, <0. Moreover, if - < 0(q,) then g} = Gor, whereas, if 0 > 0(qy) then = Gon-

Proposition 5 shows that imperfect empathy mitigates the positive effect of incomplete information on ¢, allowing the share of
L agents to decrease in the society and, thus, allowing the overall level of guilt sensitivity to increase. Notably, this happens only
if group H agents have a high enough guilt sensitivity. In this case, H agents, when evaluating the psychological loss of a child
of group L, use their high guilt sensitivity parameter and overestimate the eventual psychological loss of a child of group L. For
this reason, parents of group H have a high incentive to directly socialize children to own trait, so that their share in the society
increases, i.e., g, decreases. We can see in Fig. 7 that, under imperfect empathy, if g, < % there is the area 1 > '(q,) in which ¢, <0.

The case in which ¢, > % is described by Fig. 6b as the parenting style does not matter when ¢, > %

The implication of the dynamics on the evolution of trust and trustworthiness in the presence of imperfect empathy are summarized
by the following remark

Remark 3. When traits are not observable, if parents are imperfectly empathic the level of trustworthiness in the society weakly
decrease over time if " < §’(q,) and weakly increases if 67 > 8'(q;).

6. The role of homophily

So far we have assumed that the matching of agents in the society was random and independent of players’ type. However, in
reality this seldom happens. Indeed, it is a well-known fact in the literature that agents are more prone to interact with people with
similar traits (Currarini et al., 2009). This phenomenon is known as homophily.

Let a € [0,1] be the inbreeding homophily rate which biases the random matching.?® Let us also define p! as the probability, at
time ¢, of an agent of group i € C to meet an agent of the same group. Note that, generically, p' # 1 — p/. Specifically,

pf=a+(1-ay
il =a+(1-a)(l-g)).

When we introduce homophily, also the strategy of player A might depend on the group she belongs to, as her expectation on
B’s strategy (correctly) depends on her group. Consider for example an equilibrium in which B players from group L Take, and B
players from group H Share. In the presence of homophily, A players from group H have a higher probability of being matched
(and therefore a higher af ) than A players from group L. As a consequence, a strategy profile has now length 4.

25 Note that both #'(q,) and f(q,) are larger than 6(g,).
26 We call the homophily rate a, as homophily induces assortative matching between agents.
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Fig. 7. Population dynamics and selected equilibrium strategies in the case of unknown matching, imperfectly emphatic parents and g, < % The (red-)shaded area
represents the regions in which the selected equilibrium outcome is the same as in the complete information case.
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Fig. 8. Selected equilibrium strategies with unknown matching and homophily. The (red-)light-shaded area represents the regions in which the selected equilibrium
outcome is the same as in the complete information and incomplete information without homophily cases. The (blue-)dark-shaded area represents the regions in
which the selected equilibrium outcome is the same as in the incomplete information case without homophily (but different from the complete information case).

Specifically, player A’s probability of being matched with a player B from group L now depends on the group of player A.
We denote these probabilities with ¥, where k = H, L denotes the group player A belongs to. These probabilities are g~ = p* and
GH =1- pH, respectively.

As a consequence, A’s disappointment depends on A’s group as follows:

Dy(say)=-a") - 1+ai"-2(dak" + (1-4") al%).
Note also that player B’s belief on A’s belief on being matched with a B player from group L now depends on his group.

1

Let us define, the thresholds 0,(q,) := o
—u= t

(i.e., a=0).

Fig. 8 shows the selected equilibrium strategy profiles and second order beliefs with homophily. Note that, in this case, second
order beliefs may differ between groups, given that matching probabilities, and therefore A’s first order beliefs, are group dependent.
The characterization of the equilibria and the selection procedure are contained in Appendix B.3.

We can see in the figure below the two thresholds on g, that delimits the three panels (i.e., ﬁ and 2](1_32)
a increasing in g, respectively. This, implies that as the level of assortativity increases, the space of ¢, for which the equilibrium
strategies are described by Panel b increases.

Table 3 reports the equilibrium average material payoffs in the different parametric regions in the case with homophily.

and 0,(q,) := which coincide with 8,(q,) when there is no homophily

1
1-(1-a?)q;’

) are decreasing
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Table 3
Average material payoffs given the levels of guilt aversion, the group, and the population share, when the
matching is unknown and there is homophily.

Pop. share Bounds of the region Average material payoff
4 < 50 0L <1and 6% <8,(q,) b =mt =1
0 <1and 6" >0,(q,) mk=3—pk,
=1+ pH
6t >1and 07 > 1 ml =mt =2
1-2a 1 L H ] nl =mH =
iew qt_m 0L <1 and 67 <6,(q,) mbk=mf =1
0" <1and 0" >8,(q) ml=3= 300
=H _ 1 3 H
m’ =3+ 3p
6L >1and 0" > 1 ml =mH =2
1 L Ll — g H —
4> 500 6" <1 m-=m" =1
1<ot <ot k=t =2

Lastly note that, since we are considering just materialistic parents, and the cultural intolerance with materialistic parents is
always independent on g¢,, the socialization efforts always display cultural substitution.

Social dynamics In what follows we analyze the impact of homophily on the population dynamics, in the presence of materialistic
parents.

Let us start noticing that, whenever the equilibrium strategies are (0,0,T,T), (0,0,T,S), or (1,1, S,S), the payoffs are the
same for both groups so that the population shares show no dynamics. Therefore, by looking at Fig. 8, if gy > —— 30-a OF if oL > 1 or
6" <8,(qy), then ¢=0.>

Proposition 6 provides the main insights from the dynamics for the areas in which population shares do change. Note that a full
characterization of steady states can be found in the proof of the proposition in Appendix A.

Proposition 6. Consider the dynamics (6) with (M) and homophily, at 0* < 1, 07 > 8,(q)), 4 Then,

90 = 2(1 a)°
* If a<1/3, then ¢, > 0 and the steady state is weakly increasing in ¥ ;
e Ifa>1/3, then

lfq0> ( thenq,<0

12
-ifg <5 T a), then g, > 0 if 04 >9a2(

T )) whereas ¢, =0 otherwise.

From Proposition 6, we can see that, if homophily is low (i.e., a < %), then agents of group L, interacting often enough with
agents of group H, can exploit them and, thus, get advantage of partners’ high guilt, so that ¢, > 0. unsurprisingly, this result is in
line with what happens for the case without homophily. Moreover, the higher #, the more L agents are better-off and, thus, their
share in the society at the steady state is larger.

As homophily increases, low guilt agents have a lower possibility to exploit high guilt agents, as they are less often matched with
them.

If homophily is high enough (i.e., a > = ) agents of both groups interact among themselves with a large enough frequency, so that
their payoffs are mostly affected by the equlhbrlum strategies played by the agents belonging to their own group. In particular, when

the share of agents of group L is sufficiently high in the society (i.e., go > 5 ), low guilt agents interact mainly among themselves
and their low guilt makes them worse-off with respect to H agents. On the contrary, if the share of L agents is low (i.e., g, < 21(1 22))

then, even for relatively high levels of homophily, they interact with many H agents. Therefore, if the guilt parameter of H agents,
61, is above a certain threshold, L agents can exploit it and gain higher payoffs, hence ¢, > 0. If instead the guilt parameter of H
agents is below the threshold, agents of both groups choose Out since the level of trustworthiness is so low that no one trusts any
other agent (and thus ¢, = 0).

The implication of the population dynamics on the level of trust and trustworthiness are summarized in the following remark (see
also Fig. 9).

Remark 4. Let us consider non-observable traits, homophily, and materialistic parents.

+ If homophily is low (a < 1/3), the levels of trust and trustworthiness in the society weakly decrease over time.

27 Note that ¢, =0 even when ¢, < <1, and 0,.(q)) <6" <0,(q,). This case is internalized in Proposition 6.

_Zl
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(a) for 8% < 1, 67 > 6,(qo), when 6 > 6,2 (2%1122))

(b) for 6% < 1, 0% > B,(qo), when 87 < 042 (ﬁ)

Fig. 9. Social Dynamics with homophily, when a > %

« If homophily is high (a > 1/3), the levels of trust and trustworthiness increase for high population shares whereas for low
population shares the levels of trust and trustworthiness weakly decrease.

7. Discussion

Alternative modeling assumptions We model guilt aversion as a role-dependent psychological trait that activates only when the
individual plays in role B. One may wonder how the results would change if players were motivated by guilt aversion also when
finding themselves in role A (role-independent guilt aversion). The Trust Game, with role-independent guilt aversion, has been analyzed
in Attanasi et al. (2016) for the case of incomplete information. Allowing player A to be guilt averse may increase her propension
to choose In, if B expects her to do it. In other words, A may find it optimal to go In even for first order beliefs on B’s sharing
lower than % This has two effects: (i) it changes the bounds of the regions for existence of some equilibria when we have incomplete

information on the matching—for example, the equilibrium (7, O, S,T) may now exist even for some ¢, > %—; (i) it introduces the
possibility of equilibria in which A chooses to go I'n even when she attaches little to no probability to player B choosing to Share.
In these equilibria, B correctly believes that A will go In and would be disappointed by her choice of staying Out. To avoid this
disappointment, A goes In if her guilt sensitivity is high enough to overcome the loss in material payoff associated with the path
(I, T). In these equilibria, guilt aversion increases trust in absence of trustworthiness. Societies in which individuals feel compelled
to trust others even when they expect them not to be trustworthy are difficult to observe. As a matter of fact, even in the theoretical
model, if we consider a society in which high guilt players choose I'n in role A and T'ake in role B while low guilt players choose Out
and T'ake, we will observe the population share of the high guilt group decreasing steadily until the high-guilt population disappears.

Another interesting extension of the model, mentioned in Section 4 above, is to adopt selfconfirming equilibrium (SCE) (Battigalli,
1987; Fudenberg and Levine, 1993; Battigalli et al., 2015) instead of BSE, as a solution concept. SCE, differently from BSE, allows
agents to have incorrect beliefs that are nevertheless confirmed on the equilibrium path. With SCE, we can have equilibria in which
there is little or no trust, even in presence of trustworthiness—the opposite of what we observed with role-independent guilt aversion.
For example, (O, .S) can be the equilibrium strategy profile. To understand how this is possible, imagine if player A has a pessimistic
belief about the behavior of B— i.e., she expects that he would act selfishly if given the opportunity. Given her (incorrect) beliefs,
A stays Out even if B would be willing to Share. By staying Out, A does not have the opportunity to realize that her beliefs are
incorrect and, therefore, (O, S) can be the equilibrium strategy profile.

Guilt and religion As discussed in the Introduction, guilt and trust are strongly related to religious beliefs and values, particularly for
some religions (Weber, 2013; Guiso et al., 2003; Walinga et al., 2005; Sheldon, 2006; Oviedo, 2016). Thus, our model speaks to the
literature that investigates the link between the evolution of religious beliefs and the evolution of trust (e.g., Shariff and Norenzayan,
2007; Norenzayan and Shariff, 2008; Norenzayan, 2013) and can be easily read as an analysis of the conditions under which a
religion survives and expands in a population.

Under this interpretation, the model predicts that, on the one hand, in small closed societies where everyone knows each other
and, thus, the commitment to religious values is observable, we should expect greater levels of religiosity than in large anonymous
societies, where the commitment to religious values is mostly not observable. This finding is supported by the evidence that people
who live in rural areas display greater religiosity than their urban counterparts (e.g., Chalfant and Heller, 1991). Furthermore,
also Norenzayan and Shariff (2008) suggest that the association of religiosity—and actual prosocial behavior and trust—emerges
primarily in contexts where reputations concerns are heightened and there is an apparent profession of religious devotion.

On the other hand, the paper confirms the intuition that religiosity is essential for supporting cooperation in large anonymous
societies (Shariff and Norenzayan, 2007; Norenzayan and Shariff, 2008; Norenzayan, 2013). In fact, with incomplete information,
what we observe is that while the religious trait never completely dominates, it can thrive only if parents have imperfect empathy,
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which, as discussed earlier, can originate from the fear of some moralizing god. Thus, the paper aligns with the theory that beliefs in
moralizing gods play a crucial role in fostering cooperation in large societies.

Additionally, the literature summarized by Norenzayan et al. (2016) argues that religiosity and belief in moralizing gods are
actually prerequisites for the emergence of large, anonymous societies. While our paper does not directly address this specific issue,
it provides supporting evidences for this theory. In fact, in our model, consistent with the evidence (Durkheim and Swain, 1915;
Louch, 2000; Cheadle and Schwadel, 2012) that religious groups tend to self-segregate partially or fully,?® we demonstrate that in
anonymous societies the religious group finds it profitable to self-segregate. This can be observed by noting that, for high levels of
homophily, the material payoffs of the high-guilt group are higher or equal to the ones without homophily.?° As a result, if agents
were to have the choice to self-segregate, the society would fragment into two smaller societies where the individuals’ types become
common knowledge, no longer constituting a large anonymous society. Examining situations in which the profit of self-segregation
decreases for the high guilt group, we clearly observe that this happens either when everyone has a sufficiently high guilt—i.e.,
high religiosity—to play (Z,.S); or if the share of low-guilt type is small—i.e., the difference in payoffs between the cases with and
without homophily is decreasing in g—; or when there is imperfect empathy—e.g., moralizing gods—which ensures that the share
of individuals with high guilt increases in society. These findings support the idea that religiosity and moralizing gods are essential
factors in sustaining cooperation and the existence of large anonymous societies.

8. Conclusion

This is the first paper that studies the intergenerational transmission of a psychological trait (guilt aversion) that affects strategic
decisions of agents with belief-dependent preferences and the derived consequences in terms of long-run evolution of cooperation,
trust, and trustworthiness.

Agents are the more cooperative the higher their guilt sensitivity, as the desire to avoid guilt feelings induces them to share in the
Trust Game. When agents’ guilt sensitivity is observable, socialization efforts always display cultural substitution and the share of
agents with low guilt weakly decreases over time, so that, trust and trustworthiness increase. Conversely, if agents’ guilt sensitivity
is not observable, the material advantage of high guilt agents disappears and, in most cases, the share of the low guilt population
weakly increases, benefiting from betraying the trust of their partners who cannot recognize them as low guilt. In such a case, the
share of high guilt agents can weakly increase only if parents are imperfectly empathic or if there is homophily in society.

In this paper we focused on the belief-dependent preference that we believe is the main drive of cooperation in Trust Game
(see Attanasi et al., 2019, 2022, for supporting evidence). However, social and belief-dependent preferences are heterogeneous
across individuals, and motivations like—e.g., fairness concerns and reciprocity may coexist with guilt aversion, or be the prevalent
motivation for some individuals. Exploring the dynamics of population shares when groups have fundamentally different cultures—
i.e., are motivated by social preferences of different nature—is an interesting topic for future research.

Additionally, the paper suggests that institutions may affect the evolution of trust, guilt, and religions themselves, which in turn
may change the institutional setting itself. We strongly believe that such a relation between cultural transmission of psychological
traits and the evolution of institutions is a topic that deserves to be investigated further.
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Appendix A. Proofs of propositions
A.1. Proof of Proposition 1
Let us consider two generic group i and j. The socialization effort of i, 7/, displays cultural substitution if and only if:
ot AV

t i i t
—L = AV + (1 -¢)—L <0
o0 P+ (1 —q) od

28 We refer to Razin (2019) for a deep discussion about religion and segregation.
2% See Table 2 and Table 3, and Appendix A.
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FINZE
—— 1«
aq/ AV}
——
>0

The result follows from the last inequality. W
A.2. Proof of Proposition 2

In Regions 1 and 3, for every i, j € C, Vt’j =V/i so that AV, = AV/ =0. Then, given equation (5), independently of g,, 7* = th =0,
so that any ¢, is a steady state.
Consider now Region 2. By construction of (6), ¢, = 0 and q, =1 are always steady states. Moreover, i/ = =* <2~ % =m/!, and
consequently 0> AV, = —AV,7. Then, for every g, z7* > tF* =0 and ¢, < 0 for every ¢, € (0, 1). Consequently q, =0is globally stable.
Equilibrium actions follows. [l

A.3. Proof of Corollary 2

We can see from Table 2 that, for materialistic parents and all the parameter spaces different from 6 < 1 and 67 > (g,), cultural
intolerances AV and AV do not depend on the population shares. Therefore, using the result of Proposition 1, socialization
effort always displays cultural substitution. Let us now focus on empathic parents and #* < 1 and 6" > d(g,). For low guilt parents,
substituting the value of AV,” as in Table 2, there is cultural complementarity if and only if:

ot L ()AKL
— =-AV"+(-¢g)——>0
aq, 0q,
1
> ob> ——
2(1—gq,)

Let us consider high guilt imperfectly empathic parents, substituting the value of AV, as in Table 2, there is cultural complementarity
if and only if:

H H
or, v,

— L = AVH g —" 50
ol —gq,) ! fo(1-q,)

= 07 >1 always.

If instead high guilt parents are perfectly emphatic AV,# =1 —0%(1 — q,), which with §F <1 is always negative, thus, 77/ =0. il
A.4. Proof of Proposition 3

Consider the payoffs agents get when 8- < 4(q,), and 6 > 4(q,) provided in Table 2 and in Appendix B. In all these regions

mH =m! =uH =" Then, independently of the parenting style §=0. W

A.5. Proof Proposition 4

Materlallstlc parents In this region, the equlllbrlum is (I T,S). Recall also that 67 > 6(q,) implies ¢, < H , and that 6% < (q,) implies

L H
=3 q and m" =2 — g,. Then, for each ¢, € (% L',ggH]],

1
£ 1.

mL > mf | Because

4 >
parents are materialistic, 7%* > t#*. Thus ¢, > 0 and q, = mln{

Perfectly empathic parents In this region, the equilibrium is (I, T,S), therefore

al =%~[(1—q,)~2+q,-0]+%~[4—9L~2(1—q,)]=3—q,—01‘(1—q,)
at =%-[(l—q,)-2+q,-0]+%-2 =2-gq,.

Note also that a* > @ and, thus, ¥ > 7 if and only if % < ﬁ which always holds in this region. Thus, we have that 7% > ¢/
—4r

always and thus ¢, > 0 and qg = mzn{ 9,, ) ; [ ]
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Fig. 10. Population dynamics in the case of role-dependent guilt, unknown matching, and imperfectly emphatic parents, in the space 6 € [0, 1] x [0(g,), ®0].

A.6. Proof Proposition 5

Recall that the equilibrium in this region is (I,T,S). Then, the psychological utilities are
at =1 Ja-a-24-0]+ 5 [4-0"-20-g)] =3-q,-0"1 -4,

Ja-a-2+q -0+ [4-0m 20 -g)] =3-4,-0"(1 -4,

=

atl =gt =%~[(1—q,)-2+q,~0]+%-2 =2-q,.

Consider first low guilt agents. Note that @l > 4" if and only if 4 — 260%(1 — ¢,) > 2, that is, 8% < ﬁ =0(g,). Thus, since < 1, we
—dr

always have that z1* > 0.
Consider now high guilt agents. Note that #* > i’ if and only if 4 — 209 (1 — ¢,) < 2, that is, 61 > ﬁ This is always the case
1

because, in this area, % > 8(q,). Then, 7* > 0 always.

Consider first 1.
1
= 2 - g4 - 2051 - g)-2)]

=(1—q,)(1—(1—q,)0L>.

Consider now *

L1
oHe 5(1,[2-(4-291’(1-4,))]

=q( =1+ -g0").

The social dynamics is determined by the difference in parental efforts, which is given by the following:

obx _pHx — (g —q,)(1 —a —q,)0L> —q,( —1+d —q,)HH).
Therefore,
1—(1—g)%0r

550 ifand onlyif 6% <
qr(l _qx)

=:0'(q).

Notice that #’(g,) > 0(q,) always. Therefore, in the Region 2, [0, 1] X [A(g,), +oo], where the PBE is (I,T,.S), the dynamics is such that
if 0 €[0,11x [0(q,),0'(q,)), then ¢, > 0; whereas, if 0 € [0,1]x [0"(g,), 0], then ¢, < 0. This is reported in Fig. 10a below.
To study the dynamics given a pair (9%, 0") we first need to analyze how '(q,) changes with g,.
00'(q) 0" +0"q; —20"¢,+2¢,—1 6L(1-q)’+2g,~ 1
9q, (1-g)%q? (1-g)2q?
Then, we have that

05,(%) _2% A
>0 ifandonlyif 6F>—"1 =:0(q).
dq, (1-gq)? '
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Moreover ag(q, < 0 always. Note finally that whenever 6 = #'(q,), " = 0(g,), or 6 = 6(q,), then ¢, = 0. Therefore, considering the

space in Region 2, Fig. 10b represents the four areas derived by the thresholds d(¢,) and &' (q,).
To analyze the dynamics and characterize the steady state, let us define the following:

5 1 -1 0" —20L +/(6H)2 + 401 — 40H
i 1=1{q: 0" =0'(q),0< g <min{=, L0<ol <1y = >0
g {q (9.0<q {2 o } } 207 oD
N 1 eH -1 _ 1-vV1-0oL
g :={q:0 —9(q),0<q<m1n{§, i Lol <1y=1-—Y —7° n [ 2]

Let us consider in turn the areas of the Fig. 10b.

If % > 6'(q,) and 0L < d(q,) (i.e., ¢, < g < q_(; i) then ¢, <0. Thus, as g, decreases, '(q,) increases, 0(q,) increases, and 6(q,)
decreases. Given a point (6%,6") in this area, and given how 8(g,), 8'(g,), 6(g,) move with g,, then the dynamics stops when
6" =8'(q,), so that ¢} = q(;H

if 6% > 8'(q,) and 0 > 8(q,) (i.e., ¢, > ‘72,11 . and ¢, > g;), g, <0. Thus, as ¢, decreases, §'(q,) decreases, 6(g,) increases, and 6(q,)

decreases. Given a point (6%,6") in this area, and given how 8(q,), 8'(q,), 6(g,) move with g,, then the dynamics stops when
L'=0(g), so that g = ¢*.
if 67 < 6’(q,) and 6L > 6(q,) (i.e., gy <q < 17(; " g), 4, > 0. Thus, as g, increases, 6'(q,) increases, 6(q,) decreases, and 6(q,) increases.

Given a point (9%, 0) in this area, and given how d(q,), '(q,), 0(¢,) move with g,, then the dynamics stops when 6% = d(q,) or if
Yol <2
oH v < ,Sothatq*:min{lw—,;l}.
3 if 2<6f<4-0r o 20
if 01 < @'(q,) and 6L < d(q,) (i.e., ¢, < ng .

increases. Given a point (§£,6*) in this area, and given how 6(q,), 8'(q,), é(q,) move with g, then all the threshold may be

1 *
q, reaches 2580 that 4= {

and ¢, < d3)s 4,2 0. Thus, as g, increases, '(q,) decreases, 9(q,) decreases, and 0(q,)

binding, thus, the dynamics stops when qe = mm{ i ,q* . N

A.7. Proof Proposition 6

To prove results in Proposition 6, we present and prove two auxiliary propositions that delivers a complete characterization of
the dynamics and steady states. Proposition 6 presents the main insights from these two auxiliary propositions.

Proposition 7. Consider the dynamics in (6) with homophily, at - < 1, 07 > 8,(qy), 99 < CTa) 1 ,and a < =. Then ¢ > 0. Moreover,

—2a
. Ifqo_ e and

-0 eld, (qo) 0,2(qy)), then g* = qy;
- [9"2(%)’9"2(21(122) ), then g* =

1-2a !
[9a2(2(| a)) 2), then ¢* = it
- 9H>2 then g* = 2(11 ol

1-2a 1
*Iffape (2(1 —a)’ 2(1- a)] and
- 0" €(8,(q9),2), then ¢* =

H __1
- 0% > 2, then ¢* = e

oH —1
0H (1— a2)’

oH -1 |
~ oH(1-a)’
Proposition 8. Consider the dynamics (6) with homophily, at % < 1, 0% > 8,,(q,), when g, < primy 1 and a > =. Then,

- ifof zéaz(z‘(f” ), then ¢* =

2(1
. 1-2a
4o a5y
1-2a 1-2a
2(1-a) 7 a> 2(1-a)°

= if 0 € [0,(a0). 02 (5725)) then ¢* =

Proof of Proposition 7 and 8 Before proceeding with the proofs let us notice that:

A 1 1
0 (5 = s =
@\ 2(1-a) |_(1—a>2(+_a)

9 1-2a '\ _ 2
a2\ 2(1—a) ) ~ 2=(l+a)(1-2a)°
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Let us consider the spaces where the equilibria are either (0,1, T, S) —

1-2,
—i.e, gy < = Z) 0t <1, 01 > 0.2(qy).

L H
,2(1 a)<qo_2(l ,0L<1,0" >0,(q)) —or (I,1,T,S)

- (0,1,T,S) In such a case the material payoffs are:

mk =
mf =

Let us compute the difference

(et 1= ph)- 4) 3-2p
(H 24 (1 =pM)-0) +3(p" -2+ - pM)- 1) =

B = | —

L oH_H_ 3, L, Hy_~_3 I
m =2 2(/) +p7)=2 2(l+a)—2(1 3a),

so that m" > m" if and only if a < % Note also that defining Am” and Am* the differences between the material payoffs in the case
with and without homophily for L and H respectively, we can see that, if 67 > 0(q,), Al = —%(1 + g+ 3a(l — g)) < 0 always and
Amfl = —%(1 —3a)q >0 if and only if a > % We can also see that in the cases in which Am® > 0 the larger the size of H—i.e., the
smaller g—the lower is the increment in profits stemming from self-segregation. If instead 87 € [0,(q,), 0(qy)] Am* > 0 always.

- (I,1,T,S) In such a case the material payoffs are:

wlh= L ((=ph)24ph0)+1 - 4=3-pl=3-a—(1-a);
ml = L (" 241 -p")0)+1 2=p +1=1+a+(1-a)1-q)=2—g+aq.

Thus, ml > mf and ¢, > 0 always. Note also that, if 0¥ > 0(qy)) Am"* = —a+aq <0 and Am* = aq > 0. Namely, High-guilt agents find
more profitable interacting a society with homophily, whereas it is less profitable for Low-guilt agents. Moreover, both Am! and
AmH are decreasing in the size of group H—i.e. increasing in q. If instead 65 € [62(qy), 0(qy)] AL > 0 always.

1-2a
2(1-a)’ 2(1 a)
qo < 2(1 where (I,1,T,S) are the equilibrium strategies and, thus, ¢, > 0.

1 ) .
Ifa= 3 In this case, if g, € (

] where (0,1,T,S) are the equilibrium strategies, then m* = mf and, thus, ¢, = 0. If instead

Ifa<%

1-2a 1

+ Let us consider the case of ¢, € (2(1 5’ 5

09 (41

], where (0,1,T,.S) are the equilibrium strategies (see Fig. 8b). In such cases,
¢; > 0. Note that > 0. Starting from any point in the space (0, q;) where (0,1,T,.S) are the equilibrium strategies, either

g, increases (and thus 0,(q,) does so) up to the point that 8" =8,(q,), or 8,(q,) never reaches 87 so that g, keeps increasing

until ¢, = 2(1 o)’ where either (0,0,T,T) or (O 0,T,S) are the equlhbrlum strategies, and the dynamics stops. Therefore, the
— H _ H_g * __ o1
steady state is either ¢* = {q : 07 =0,(¢)} = aH(1 —5»0rd 2(1 o . The steady state is ¢* = min{ (e 2= a)} Note also that
6t -1 . H
oH - H 1\ «_ ) 0H(1-a) i 6% <2
=g 2 2(1 1fand only if 6# > 2 and that ,(q, = 2(]_(1))—2. Thus, ¢* = |

i H
T if 67>2

, 2](1_32)] (see Fig. 8a). It is trivial to see that if 67 € (8,(qy).0,2(qy)) then (0,0,T,T) are the

equilibrium strategies and thus, ¢ =0 so that ¢* = gy. Let us now consider 87 > 0 ,(qy) where (I,1,T,S) are the equilibrium

2(‘1; 1-2a
2(1-a)
strategies and the analy51s in the previous bullet point holds, or 67az(q,) increases until it reaches 6 and (0,0,T,T) are the

Let us consider the case of gy € [0

strategies and note that 2 > 0. In such a case ¢, > 0 and either ¢, increases until ¢, = and (O,1,T, S) are the equilibrium

equilibrium strategies and the steady state is ¢* = {q : 07 =0,(¢)} = Therefore, if 0 is higher than 0,,(q,) but lower

0H(1
1-2a

30a ) — the dynamics stops when 0,,(q,) = 67, so that ¢* L . If instead

than the upper-bound of the threshold — i.e., §,2( TS

oH _1
6" is higher than 6?‘12(2(1 ), ¢, increases and, at a some ¢, it overcomes W where the equilibrium strategles become
(0,1,T,S) and the analysis of the previous bullet point holds. Thus, if 67 > 2 then ¢* = m, whereas if 64 e [9(,2(2'(1 ZZ)) 2),
w_ 0H-1
then ¢* = -7 -
1
Ifa > 3

1-2a

* Let us consider the regions where (O, I,T,S) (i.e., -—— e

<q <3 (1 ) are the equilibrium strategies. In such cases ¢, <0 and ¢,
decreases over time. Thus,
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0(q)
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1 oL 1 oL
q<3 >3

Fig. 11. Regions of analysis, unknown matching.

- If 6% > 2, then as soon as ¢, = , then (I,1,T,S) are the equilibrium strategies and, as previously argued, ¢, should be

2(1

increasing. Thus, ¢* = 21(12" is the steady state.
- If2>06H > 0,.(q = 21(132)) then, again, as soon as ¢, = 2 q a), then (1,1,T,S) are the equilibrium strategies and, as previously

1-2a
2(1-a
the dynam1cs stops.

1-2a
2(1-a)

argued, ¢, should be increasing. Thus, q* =

H A 1-2a
- If0" <0,(q, = ioa 2(1

* Let us consider the reglons where (1,1, T S) (.e., gy <
over time. Thus,
- If 6% > 2, then as soon as ¢, =

is the steady state.
), then as ¢, =

——=_) are the equilibrium strategies. In this case ¢, > 0 and ¢, increases

2 ( - a), then (0,1,T, S) should be played and, as previously argued, ¢, should start to decrease.

Thus, ¢* = 21(1_32) is the steady state.

1-2a 2a
2(1-a)

- If2>60" >0, (q, = 1’32)) then, again, as soon as ¢, =

50 , then (0,1, T, .S) are the equilibrium strategies and, as previously
1-2a

argued, ¢, should start to decrease. Thus, * = ) is the steady state.
] 1-2 oH _ =
- IfoH < 0, <qt = 2(1_2) ) then as ¢, = 2 ( 1 , then g, keeps increasing up to the point that ¢* W where 91 = 0,(q,) and

(0,0,T,T) are the equilibrium strategles [ ]
Proposition 6 trivially follows from Proposition 7 and 8.
Appendix B. Characterization of the equilibria with incomplete information of the matching

We now propose the characterization of equilibria in pure strategies under incomplete information over the match. Equilibria are
analyzed separately for the case where g < % and the case where ¢ > 1. For the formal definition of BSE in this context we refer to
Battigalli et al. (2019a). Note that our game is naive, in the definition of Battigalli et al. (2019a), in that there is only one epistemic
type for each player, i.e., & is a singleton, hence we do not introduce formally epistemic types.

B.1. Casel: <3
The left panel of Fig. 11 highlights the regions that we consider.

B.1.1. RegionI: 0 <1 and 6% < 6(q)

B’s best response is to Take if he has low guilt 6%, independently of his second-order belief ﬁé. Hence, A’s first-order belief
@ <1-g,and sois fi,(S), i € {L, H}. If A chose to enter o > 5, hence her disappointment after (I,T), D4(I.T,a,)=1—a} +2a5a’
is increasing both in aS and in a’ The maximum disappointment (and the maximum guilt for player B) is reached when a’ =1 and

=1-g,i.e., A expects B to Share if his guilt sensitivity is high. If 8" < 8(q) = , B’s utility from Taking is higher than B’s

ut111ty from Sharing even when his guilt is high:
H I S 1
4-0 (1—aA+2(1AOIA)>4—E(Z(I—Q))Zz-

Therefore the pure equilibrium strategies are (O,7,T), and the second-order beliefs are the degenerate ones that obtain from the
equilibrium strategies.
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B.1.2. RegionII: 6* < 1 and 6(q) < 0" <2

B’s best response is to Take if he has low guilt sensitivity 6%, independently of his second-order belief ﬂg. As in Region 1, A’s
first-order belief ai <1-gq,and so is ﬁ}'}(S), i€ {L,H}. Now, two equilibria may arise, depending on the second-order beliefs of the
high guilt player B, as 67 is sufficiently high to sustain an equilibrium in which he Shares:

(i) (O0,T,T) with «
(i) (I,T,S) with «

— s
—O,aA

W=1 af =1-gq,and E[Dy,BglI1=2(1 —¢) > 0%, given 01 > 1+q' A finds it optimal to go I'n even when only

g =0, and, by correct conjectures, E[D4,fglI]1=1< HLH given 67 <2.
1

high guilt B players Share because g < %

B.1.3. RegionIII: 6* < 1 and 0" >2

B’s best response is to T'ake if he has low guilt sensitivity #, and to Share if he has high guilt sensitivity, independently of his
second-order belief. Given that the fraction of low guilt B players is g < % player A finds it optimal to go In even when only high
guilt B players Share. Therefore the pure equilibrium strategies are (I,T,.S), and the second-order beliefs are the degenerate ones
that obtain from the equilibrium strategies.

B.1.4. RegionIV: 1 <6" < 8(q) and 67 < 6(q)

Both the low and the high guilt B may find it optimal to Share or Take, depending on A’s beliefs. As we focus on pure strategy
equilibria, they can both Share, both Take, or it can be that the high guilt B Shares (T'akes) and the low guilt B Takes (Shares)
respectively. A’s best response is to go In if at least the high guilt B Shares, and to stay Out if at most the low guilt B does it. Two
of these strategy profiles are equilibria:

(i) (0.T.T) with o} =0, & =0, and, by correct conjectures, E[D 4, f5|I]1=1< %, for i € C, given 9L <2 and 01 <2.

(ii) (Z,S,S) with ai =1, ai =1 and by correct conjectures, E[D,, fz|[]=2> 2

o> for i €C, given 0L >1and 07 > ﬁ

The other two strategy profiles are not equilibria: (1,T,.S) induces E[D, fg|I1=2(1 —g) < eiH’ given 01 < %q; (0, S,T) induces
E[D,.fpl11=2q < giL given 9L > 1 and ¢ < %

B.1.5. Region V: 1 <0% < 8(q) and 6(q) <" <2

Both the low and the high guilt B player may optimally Share or Take, depending on A’s beliefs. As in Region IV, they can both
Share, both Take, or that one Share and one Take. A’s best response is to go In if at least the high guilt B Shares, and to stay Out
if at most the low guilt B does it. Three of these strategy profiles are equilibria:

() (0.T,T) with a! =0, a5 =0, and, by correct conjectures, E[D 4, fg|I1=1< % given 6 <2 and 6" <2.

(i) (1,7,8) with o =1, a5 =1-g, and E[D,, f3|1]1=2(1 - 9) > =7, given 0/ > ﬁ Note that E[D,, fg|11=2(1 - q) < .
>iii) (1, S,S) with a[" =1, ai =1 and by correct conjectures, E[D 4, fz|11=2 > % given 6% > 1 and 67 > ﬁ.
The other strategy profile is not an equilibrium one: (O, .S,T) induces E[D,, fz|I]1=2g < 9%, given L > 1 and ¢ < %

B.1.6. Region VI: 1 <% < 0(q) and 6% >2

B’s best response is to Share if he has high guilt sensitivity. Hence, A always goes In, regardless of the choice of low guilt B,
because g < % We have two possible equilibria:
@ (,T,) with o’ =1, ai =1- g, and, by correct conjectures, E[D, f|I1=2(1 —q) < % given 6L < 6(q).
(i) (I,S.S) with a! =1, o5 =1, and E[D , f5|11=2> eiL given 0L > 1.
B.1.7. Region VII: 6(q) < 0" <2 and 6(q) < 6" <2

Both the low and the high guilt B may find it optimal to Share or T'ake, depending on A’s beliefs. As in Regions IV and V, they
can both Take, both Share, or one Share and one T'ake. A’s best response is to go In if at least the high guilt B Shares, and to stay
Out if at most the low guilt B does it. Two of these strategy profiles are equilibria:

(i) (O.T,T) with o =0, af =0, and, by correct conjectures, E[D,, fz|T]1=1< % given 9L <2 and 6" <2.
(i) (1,S,.5) with ai =1, ai =1 and by correct conjectures, E[D 4, f|I1=2> % given 9L and 9 > 1qu
B.1.8. Region VIII: 8 > 8(q) and 6" >2

B’s best response is to Share if he has high guilt sensitivity. A has the opportunity of securing at least 1 by choosing Out, so
she must expect to gain at least 1. Hence, the minimum level of guilt when B T'akes after In is 6 * 1 which is enough to induce
him to Share in this parametric region. As a consequence, also the low guilt player B finds it optimal to Share, as the minimum
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disappointment is 2(1 — ¢) > 9%. Hence, player A goes In in equilibrium. The pure equilibrium strategies are (1,.5,.5), and the
second-order beliefs are the degenerate ones that obtain from the equilibrium strategies.

B.2. Casell: g > %

The right panel of Fig. 11 highlights the regions that we consider. Note that when ¢ < %, 6(q) > 2, so that we have a smaller
number of regions in this case.

B.2.1. RegionI: 0L <1 and 6% <2
Behavior in this region is as in ¢ > %, Region I. The pure equilibrium strategies are (O, T,T), and the second-order beliefs are the
associated degenerate ones.

B.2.2. RegionII: 0L < 1 and 6" > 2

B’s best response is to Take if he has low guilt sensitivity §, and to Share if he has high guilt sensitivity, independently of his
second-order belief. Given ¢ > % player A finds it optimal to go Out. Therefore the pure equilibrium strategies are (O, T,.S), and the
second-order beliefs are the degenerate ones that obtain from the equilibrium strategies.

B.2.3. RegionIIl: 1 <X <2 and 1 <6 <2

Both the low and the high guilt B may find it optimal to Share or Take, depending on player A’s beliefs. As in ¢ < %, Region 1V,
they can both Share, both T'ake, or one T'ake and one .Share. A’s best response is to go In if at least the low guilt B Shares, and to
stay Out if at most the high guilt B does it. Two of these strategy profiles are equilibria:

A
(i) (I,S,) with o/ =1, «§ =1 and by correct conjectures, E[D 4, f|I1=2> % given 9 > 1 and 0¥ > 1.

@) (0,T,T) with a! =0, a§ =0, and, by correct conjectures, E[D 4, f|I]1=1< % given 9 <2 and 6" <2.

B.2.4. RegionIV: 1 <0 <2 and 6" > 2

The high guilt B Shares, while the low guilt may find it optimal to Share or Take, depending on A’s beliefs. A’s best response is
to go In if both high and low guilt players Share, and to stay Out if only the high guilt B does it. The equilibrium strategy profiles
are:

@) (0.T,5) with o} =0, a§ = 1—gq, and, by correct conjectures, E[D,, fz|1]=1> 9%, given 6 > 2.
(i) (I,S..5) with a! =1, § =1 and by correct conjectures, E[D 4, f5|I1=2> % given 6L > 1 and 6% > 2.

B.2.5. Region V: L' >2 and 6% >2
The best response of both high and low guilt B players is to Share. Hence, A goes I'n. The pure equilibrium strategies are (I, S, .5),
with the associated second-order beliefs.

B.3. Equilibrium characterization with homophily

When we introduce homophily, also the group of player A becomes relevant. Therefore the profile of equilibrium strategies has
now length four.

Let us now gather/derive the elements that we need to compute the equilibria Fig. 12 provides a graphical representation of the
relevant regions.

1. Matching probabilities. The probability that a player from group L is matched with a player from the same group at time ¢
is pL' = a+ (1 - a)q,. The probability that a player from group H is matched with a player from the same group at time ¢ is
pft =a+(1-a)(l-gp).

2. A’s expectation on matched B. Player A’s probability of being matched with a player B from group L now depends on the group
of player A. We denote these probabilities with zi,", where k = H, L denotes the group player A belongs to. These probabilities
are:

4 =r"=a+1-apq

g =1-p" =1 - ay,

3. B’s belief on A’s belief on being matched with a B player from group L. Let us call EX(g,) the correct belief of a player B of group k
on the expectation of his matched A’s on his own group. This belief depends on B’s group, as his group affects the probability
of being matched with a player A from a specific group, together with the fact that player A’s expectations (correctly) depend
on her group. Let us compute these two beliefs.

E(q)=p"g" + (1 - p™gF =1 - aP)q,.
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Fig. 12. Role-dependent guilt, unknown matching, homophily, regions of analysis.
EX(g) = p"4f + (1= p")g/" =a® + (1 = a)q,.
L
B.3.1. RegionI: 6% <1, 6/ <](1 —
B from group L Takes, regardless of his beliefs, as 8- < 1. A from group i goes In if §'a L Sya-4g )af ’ % In this region this

is equivalent to (1 — )af s> 5, as ak A =0. A’s disappointment therefore is

D (I T, ay)=1-a +2(1 - gha™Sail,

which is increasing in ai, af{ and decreasing in §'. Note that, in this region D” U, T,ay)> DL(I T,a,), as A players from group H
correctly expect to be matched with a B player from group H more often, and only B players from group H may choose Share with

positive probability. B’s expectation of player A’s disappointment, when player B belongs to group i, is
E'[Djl=¢'Dg+(1~4)D},

when A players of both groups choose In, D¥(1,T,a,) when only A players from group H choose In, and D%(I,T,a,) when only
A players from group L choose In. The expected disappointment is maximum for B players of group H when: (i) only A players

from group H choose In, that is when af =1 and aj” =0; and (ii) player A believes that all B players of group H Share, that is
H.S
o

"~ = 1. In this case, the expected disappointment for a B player of group H is

EY[D,(I,T,a)] =21 - (1 - a)qg).

Even in this case a B player from group H Takes, as 07 <,(q) := . Given that every B Takes, every A stays Out, and the

1
1-(1-a)q
equilibrium behavior is (0,0,T,T).

B.3.2. RegionIl: 0* <1, — (. 50 < 0" <2, g> 2(1 =

B players from group L Take. Given the analysis of Region I, B players of group H Share if only A players of group H go In.
However, A players from group H stay out even if all B players of group H Share, because the probability of being matched with a
B player of group H is pf =1 -(1-a)g < % This holds a fortiori for A players from group L. Therefore the only equilibrium strategy

profile in this region is (0,0, T,T).

B.3.3. RegionIII: 6L < 1, 1_(11—_H)q <0H <2, 2 ZH z(l‘_a)
B players from group L Take. Given the analysis of Region I, B players of group H Share if only A players of group H go In. A
players from group H go In if all B players of group H Share, because the probability of being matched with a B player of group H

isp =1-(1-a)g> % A players of group L, instead, stay Out, because their probability of being matched to a B player from group

2 <g<

His(1—a—(1-a)q) < % Also (0,0,T,T) is sustainable as equilibrium strategy profile in this region, however it is Pareto-dominated
by (0,1,T,S). This can be shown by noting that: (i) a player A from group L has the same utility under both strategy profiles; (ii)
a player A from group H has a higher utility under (O, 1, T, S), as she can ensure herself the same utility as in (0,0,T,T) by going
Out and she chooses not to do so; (iii) a player B from group L has a higher expected utility under (O, I, T, S), as if he is matched to
a player A from group H he Takes and experiences a utility higher than 2 (otherwise he would have Shared) instead of the utility
of 1 that he receives from player A going Out, which is the only possible outcome under (0,0, T,T); (iv) a player B from group H
has a higher expected utility under (O, I,T,.S), as if he is matched to a player A from group H he Shares and experiences a utility
equal to 2 instead of the utility of 1 that he receives from player A going Out, which is the only possible outcome under (0,0, T,T).
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B.3.4. RegionIV: 6~ <1, oas < 0" < e < 12
B players from group L T'ake. Given the analysis of Region I, B players of group H Share if only A players of group H go In. A
players from group H go In if all B players of group H Share, because the probability of being matched with a B player of group
Hisp =1-(1-a)q> % A players of group L go In because their probability of being matched to a B player from group H is

l-pt=(1-a-(1-a)yq) > % However, B players of group H find it optimal to Share if only A players of group H go In, but they
do not find it optimal to go In if A players of group L go In as well, as they have lower expectations. In particular, the expected
disappointment for a B player of group H if A players of both groups go In is

EY[D,(I.T,a)] = ¢" DY, T, ) + (1 = ¢")DY (1, T, 04) =201 - (1 - a*)g).
Hence, B players from group H do not find it optimal to Share when A-players of both groups go In as long as 67 < 0,,(q) :=

T The only profile of strategies that is sustainable in equilibrium is therefore (0,0, T,T).

B.3.5. Region V: 0L < 1, m <o <2,g< ) . 2a

B players from group L T'ake. Given the analysis of Region I, B players of group H Share if only A players of group H go In. A
players from group H go In if all B players of group H Share, because the probability of being matched with a B player of group
Hisp=1-(1-a)q> % A players of group L go In because their probability of being matched to a B player from group H is
1-pt=(1-a-(1-0a)yq) > % B players of group H Share even if A players of both groups go In. The expected disappointment for
a B player of group H if A players of both groups go In is

E'[DA(I.T.ap)]=¢" D5 T a) +(1 - ¢")DY 1. T,ap) =2(1 - (1 - ).
Hence, B players from group H find it optimal to Share when B players of group L Take and A players of both groups go In given
that 0 > 0,2(q) = m So, (I,1,T,S) is sustainable as an equilibrium. Note that also (0,0, T,T) is sustainable as equilibrium
strategy profile in this region, however it is Pareto-dominated by (1,1, T, S).

B.3.6. Region VI: L < 1, o1 > 2
B players from group L Take and B players of group H Share. A players from group H go In if all B players of group H
Share, because the probability of being matched with a B player of group H is 1 — (1 —a)q > 5. A players of group L go In because

their probability of being matched to a B player from group H is (1 —a— (1 —a)q) > % Hence, the only equilibrium strategy profile
sustainable as an equilibrium is (1, I,T,.S).

B.3.7. Region VII: 6* < 1, 61 ,22 q 22a
B players from group L T'ake and B players of group H Share. A players from group H go In if all B players of group H Share,
because the probability of being matched with a B player of group H is 1 — (1 — a)g > % A players of group L stay Out because their

probability of being matched to a B player from group H is (1 —a— (1 —a)q) < % Hence, the only equilibrium strategy profile can be
sustained in equilibrium is (O, 1, T, .S).

B.3.8. Region VIII: 8- < 1, 64 >2, ¢ > —2
B players from group L Take and B players of group H Share. A players from group H go Out if all B players of group H Share,
because the probability of being matched with a B player of group H is | — (1 —a)g < 5. A players of group L stay Out because their

probability of being matched to a B player from group H is (1 —a— (1 —a)q) < % Hence, the only equilibrium strategy profile which
can be sustained in equilibrium is (0,0, T, S).

B.3.9. RegionIX: 6 >0 > 1

In this region (I, 1, S, .S) is an sequential equilibrium, given that in both groups B players find it optimal to Share whenever every
A player expects them to do so. If B players of both groups find it optimal to Share, A players from both groups find it optimal to go
In. In this region, (I, 1,.S,.5) is also the only equilibrium strategy profile that survives our Pareto-dominance criterion of equilibrium
selection, see working paper version of this paper for further details.
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