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Abstract

We consider the cultural transmission of trust and trustworthiness in
a trust game with spatial matching & la Tabellini. Players are assumed
to enjoy psychological benefits from good conducts. The equilibrium
probability that an investor trusts a receiver is a monotonically decreas-
ing function of social distance, and the one that the receiver behaves
in a trustworthy manner is non-monotonic. Parents with imperfect em-
pathy transmit their own values to their children through education,
and the ratio of individuals with good values globally converges to a
stationary point with heterogeneity if educational costs are sufficiently
small. Trust and trustworthiness are influenced by institutions in dif-
ferent ways. A better “intermediate” enforcement crowds out trust and

crowds in trustworthiness.
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1 Introduction

Trust and trustworthiness underlie human relationships in almost all aspects.
The two concepts are widely studied in various fields including social psychol-
ogy, sociology, management science, political science, biology, and economics.
During the last two decades, trust research has grown rapidly in economics
beyond traditional approach of rational choice under selfish preference. Many
empirical studies show that trust plays important roles in economic perfor-
mance: economic growth (Knack and Keefer, 1997), government effectiveness
(La Porta et al. 1997), financial development (Guiso et al. 2004), and interna-
tional trade and investment (Guiso et al. 2009). The trust game (Berg et al.,
1995) is employed as a standard framework for the study of trust and trust-
worthiness as the prisoner’s dilemma is for that of cooperation. Given that
trust and trustworthiness are fundamental for better economic outcomes, im-
portant questions are how the values of trust and trustworthiness are inherited
between generations,! and how one can increase them in a society. The aim
of this paper is to consider cultural transmission of trust and trustworthiness
and their relationship to institution with external enforcement.

Recent empirical studies indicate the relevancy of cultural transmission of
trust in economics. Dohmen et al. (2012) provide empirical supports for in-
tergenerational transmission of risk and trust attitudes. Based on the data
from the 2003 and 2004 waves of the German Socio-Economic Panel Study,
they find that these attitudes are strongly positively correlated between par-
ents and children, after controlling personal and environmental characteristics.
They also find a positive impact of prevailing attitudes in local environments
on child attitudes. Their empirical findings indicate that socialization plays an

important role in the transmission process beyond a genetic process.? Guiso

!Guiso et al. (2008) consider intergenerational transmission of priors about the trust-
worthiness of others.

2There exists a considerable volume of the literature on genetic transmission of trust.
For example, Kosfeld et al. (2005) provide neurobiological evidence of trust using oxytocin.
Cesarini et al. (2008) find that genetic differences play a significant role for behavior in the



et al.(2006, p.23) define culture as “those customary beliefs and values that
ethnic, religious, and social groups transmit fairly unchanged from generation
to generation,” and document a strong effect of ethnic origin on trust which
an American has toward others. Using data on bilateral trust between Euro-
pean countries, Guiso et al.(2009) document that the bilateral trust is affected
by cultural aspects such as the history of conflicts of two countries and their
religious similarities, and that lower bilateral trust leads to less trade and less
portfolio and direct investment. They write: “trust among European coun-
tries differs in systematic ways, which are correlated to their different cultural
heritages” (Guiso et al. 2009, p.1128). Tabellini (2008a) documents that the
value of generalized morality has widely diffused in societies that were ruled
by non-despotic political institutions in the distant past.

In a seminal paper, Bisin and Verdier (2001) present a model of intergener-
ational cultural transmission which incorporates two channels of transmission,
“direct vertical” socialization inside family and “oblique” socialization by so-
ciety. They show that if the two types of transmissions are “culturally substi-
tute” so that parents have less incentives to educate their kids the more widely
dominant are their types in the population, then the dynamics of cultural
transmission has a globally stable stationary point with heterogeneous types.
Focusing on the vertical socialization, Tabellini (2008b) explicitly formulates
parents’ educational efforts to transmit the good values to their children. In
the prisoner’s dilemma with spatial random matching, he proves that “good”
parents with a higher level of generalized morality make positive efforts to ed-
ucate their children and “bad” parents with a lower level of it do not. Based
on the parents’ optimal educational decision, he further proves that a better
local enforcement which applies to transactions between closely “connected”
agents in small groups and communities hurts the diffusion of good values,
while a better legal enforcement enhances it.

In this paper, we extend the analysis of cultural transmission by Tabellini

trust game experiment played by monozygotic and dizygotic twins.



(2008b) in the prisoner’s dilemma to the trust game of Berg et al. (1995). We
do this exercise by the following reasons. Tabellini derives several implications
of his model of cooperation, and relates them to many empirical studies on
trust and trustworthiness in the literature. Although trust and trustworthi-
ness may be broadly interpreted as cooperative behavior, they are not exactly
identical to cooperation. Cooperation is the outcome of trust and trustworthi-
ness. Moreover, many empirical studies show that trust and trustworthiness
are different notions (Glaeser et al. 2000, Buchan et al. 2002, Cox 2004, Ashraf
et al. 2006, Bohnet and Baytelman 2007, Kiyonari et al. 2006, Ben-Ner et al.
2010, for example). The prisoner’s dilemma and the trust game have different
incentive structures. We cannot automatically expect that the same properties
hold in both games.

We summarize the results of this paper. The equilibrium configurations
are more complex in the (asymmetric) trust game with spatial matching than
in the (symmetric) prisoner’s dilemma. While the equilibrium characterised
by Tabellini (2008b) has three phases (all players cooperate, only good types
do, and no players do), depending on social connection between players, the
equilibrium of the trust game has nine phases in general, due to the possibility
that players choose mixed strategies. While the equilibrium probability that
an investor (trustor) trusts a receiver (trustee) is a monotonically decreasing
function of a social distance between the two players, the one that a receiver be-
haves in a trustworthy manner is non-monotonic. Although the values of trust
and trustworthiness are crowed out by better local enforcements which apply
to transactions between closely connected players, these values are influenced
in different manners by institutions. A better “intermediate” enforcement en-
hances trustworthiness, but deteriorates trust. In the following sections, we
discuss empirical studies which are consistent with our results.

The remainder of the paper is organized as follows. Section 2 presents the
trust game with spatial matching. Section 3 characterizes an equilibrium of the

game where players enjoy psychological benefits from good conducts. Section



4 examines the cultural transmission of trust and trustworthiness. Section 5
considers the effects of institution on them. Sections 6 has concluding remarks.

All proofs are given in Appendix.

2 The Model

We consider a trust game introduced by Berg et al. (1995).3 There are two
types of players called an investor (player 1 and “she”) and a receiver (player
2 and “he”). A continuum of each type of players is uniformly distributed
on the circumference of a circle of size 25. The maximum distance of two
players is S. Each player is randomly matched with the other type of players
at distance y with a probability density function g(y) > 0.* The probability
that a pair of an investor and a receiver is matched between 0 and S is equal to
one, that is, fos g(y)dy = 1. Distance y could be not only geographical one but
also socioeconomic differences. Examples include kinship, ethnicity, language,
religion, and class. A larger circle with higher S implies a more heterogeneous
society along a relevant spatial dimension.

Two matched players observe their distance and play the game as follows.
An investor (trustor) decides whether she invests her endowment w > 0 or
not. If she invests, then the investment earns a return yw(y > 1). A receiver
(trustee) decides how to share yw with the investor. Specifically, he decides
whether he returns the amount fyw(0 < 5 < 1) to the investor, or not. If he
returns it, the investor receives material payoff fyw and himself does (1—f)yw.
If not, the receiver exploits the total amount vw. If the investment is zero,
then the game immediately stops and the investor’s payoff is w and that of the

receiver is zero. The material payoffs of two players are summarized in Table

1.°

3While Berg et al.(1995) give the name of an investment game, we call it a trust game,
following the literature.

4This model of random matching over a circle is originally considered by Dixit (2004) in
the context of the repeated prisoner’s dilemma.

°In the experiment of Berg et al. (1995), parameters are such that w = 10 and v = 3.



In Table 1, each player has two actions C' and N where C' and N mean “in-
vest” and “not invest” for the investor (row player), respectively, and “repay”
and “not repay” for the receiver (column player), respectively. It is natural to
interpret the investment as the trust that an investor places in a receiver, and
the repayment as a trustworthy action of the receiver (Glaeser et al. 2000).
In what follows, parameters w, v and 3 are fixed. We assume that gy > 1 so

that an investor is better off by repayment than in the case of no investment.

Table 1.  Material payoffs in the trust game

The trust game in Table 1 has only the Nash equilibria where the investor
chooses N and the receiver may choose N with any probability not less than
1 —1/pv. Thus, the maximization of material payoffs cannot explain positive
investment and repayment which have been observed in most experiments of
one-shot trust games. Recent experimental studies show that social prefer-

ences play a key role in trusting behavior (Fehr 2009). Sapienza et al. (2013)

Choice variables are continuous. An investor chooses any investment amount x with 0 <
z < w and a receiver does any amount y with 0 < y < qw for return. A large volume of
experimental studies shows that, on average, investors send about 50 percent and receivers
repay about 95 percent of what has been invested (Camerer 2003). Besides the original
version of the trust game, binary versions of it are frequently used in experimental studies
(Bohnet and Zeckhauser 2004, and Ermisch and Gambetta 2010, for example). The result
of this paper is not affected in any critical manner if an investor has an option to invest a
fixed portion of the endowment w, or nothing.

6There, however, is no consensus on the proper definition of trust in the vast literature
of trust research (Fehr 2009). Recent literature scrutinizes whether a positive investment
in the trust game appropriately measures the trust of an investor, and whether a positive
repayment does the trustworthiness of a receiver. See Bohnet and Zeckhauser (2004), Cox
(2004), Ashraf et al. (2006), Kiyonari et al. (2006), Fehr (2009), Ben-Ner and Halldorsson
(2010), Sapienza et al. (2013) among others.



argue that the quantity sent in the trust game is a combination of two com-
ponents: preferences (risk aversion, inequality aversion, altruism) and beliefs
in receivers’ trustworthiness. By cross-cultural experiments in Russia, South
Africa and the United States, Ashraf et al. (2006) show that trust is based on
beliefs on trustworthiness and on unconditional kindness, and that trustwor-
thiness is related to unconditional kindness and reciprocity.

In view of these results, we assume that individuals are motivated not
only by material payoffs but also by the value of good conducts. Specifically,
following Tabellini (2008b), we assume that besides the material payoffs, each
player i(= 1, 2) enjoys a noneconomic (psychological) benefit d; whenever she
or he plays C|, irrespective of the opponent’s action. The noneconomic benefit
of player ¢ decays with distance at exponential rate 6; > 0. Player i receives
noneconomic benefit d;e=%¥ by choosing C' in a match with distance v.

The formulation above of individuals’ motivation reflects the view that
the intrinsic value of trust and trustworthiness depend on social connection.
Within a circle of more familiar individuals, the norm of trust and trustwor-
thiness can be applied with stronger force, but it becomes weaker among less
familiar individuals. Coleman (1990) discusses that familiarity breads trust.
Individuals trust others more familiar to themselves than those unfamiliar.
Based on the General Social Survey (GSS) for the United States in the years
1974-94, Alesina and La Ferrara (2002) find that interpersonal trust is lower in
more racially heterogeneous communities and in those with higher income in-
equality. They argue that the effect of heterogeneity on trust is largely due to
the fact that individuals trust those more similar to themselves. Hoffman et al,
(1996) provide experimental evidence that decreasing social distance increases
other-regarding behavior in dictator games.

For parameter values, we assume:

Assumption 1. d; > w,dy > fyw > w.



This assumption means that when two individuals play the trust game at
zero distance (y = 0), C' is the dominant action of every player and thus the
trust game has a unique Nash equilibrium (C, C).

There are two types of each player, a “good” type and a “bad” type. They
differ in their rates at which noneconomic benefit of choosing C' decays with
distance. For i = 1,2, let 67 be the rate of player i’s good type and 6 be
that of bad type. We assume that 0 < 67 < % for every i = 1,2. In the
population of each player i(= 1,2), let n;(0 < n; < 1) denote the fraction
of good types at any point in the circle. When individuals play the trust
game, they observe distance y but not the types of their partners. In the next
section, we will characterize a Nash equilibrium of the trust game with random

matching when the fractions n; are fixed for every ¢ = 1, 2.

3 Equilibrium

For every player i(= 1,2), a (mixed) strategy for type j(= g¢,b) is a function
o from [0, 5] to [0,1] where /() is the probability that player i of type j
may choose C' in a match with distance y.

We first consider the behavior of an investor. Let mo(y) be the probability
that a receiver may choose C'in a match with distance y. It holds that m(y) =
n903(y) + (1 —ng)as(y). If the investor of type j(= g,b) chooses C, she obtains
the benefit Sywms(y) + dle_e'{y, and otherwise she obtains the benefit w. Thus,
the investor of type j is indifferent between playing C' and N if

Prywms(y) + dye ™Y = w. (3.1)

(3.1) is rewritten as

y=Ti(m(y) = —1n . (3.2)

An investor of type j chooses C' against a receiver at distance y if y < TV (w2 (y)),



and N if y > TV (m5(y)).” Given 7y, the value T/ (m5(y)) represents the threshold
of distance such that an investor of type j chooses C'in a match if the distance
y is less than it. We call TV (m,(y)) the trust threshold for an investor of type
j. A bad type has the smaller trust threshold than a good type since the bad
type’s noneconomic benefit for playing C' decays more rapidly than that of the
good type as the distance becomes greater.

We next consider the behavior of a receiver. Let m(y) be the probability
that an investor may choose C' in a match with distance y. Similarly to ms(y),
it holds that 7 (y) = nio{(y) + (1 — nq)ob(y). If the receiver of type j(= g,b)
chooses C, he obtains the benefit (1 — 8)ywm (y) + doe=%Y | and otherwise he
obtains the benefit ywm; (y). Thus, the receiver of type j is indifferent between
playing C' and N if

(1= B)ywmi(y) + dae™ ¥ = qwm (y). (3.3)
(3.3) is rewritten as

(3.4)

A receiver of type j chooses C' against an investor at distance y if y < TJ (w1 (y)),
and N if y > TJ(m,(y)).® Similarly to the case of an investor, we call T3 ( (y))
the trustworthiness threshold for a receiver of type j. A receiver of type j
chooses C' against an investor if the distance between two players is less than
the threshold 7 (m(y)). A bad type has the smaller trust threshold than a
good type.

It is useful to remark here that the trust game (without or with noneco-

nomic benefits) has a strategic property different from the prisoner’s dilemma

If 1 — Byma(y) < 0, we set T (ma(y)) = +oo for every j. In this case, an investor of
every type chooses C against a receiver at any distance.

8If 71 (y) = 0, we set Ty (m2(y)) = +oo for every j. In this case, a receiver of every type
chooses C against an investor at any distance.



considered in Tabellini (2008b). The investor’s net expected material gain from
playing N rather than C'is given by w(1 — Syma(y)), which is strictly decreas-
ing in my(y). The investor’s incentive to cooperate is greater if the opponent
is more likely to cooperate. On the other hand, the receiver’s net expected
material gain from playing N rather than C' is given by fvywm(y), which is
strictly increasing in m;(y). The receiver’s incentive to cooperate is smaller
if the opponent is more likely to cooperate. These facts show that the trust
game has neither strategic complementarity nor strategic substitutes while the
prisoner’s dilemma has strategic complementarity.

We are now ready to characterize a Nash equilibrium of the trust game
with noneconomic benefits. For i,k = 1,2(i # k), the fact that T (m(y)) <
T (mk(y)) for any value of 7 (y) implies that whenever a bad type of player
1 chooses C' with positive probability, a good type of player ¢ chooses C' with
probability one. Thus, in a pure-strategy equilibrium, the probability m;(y)
may take three values, 0, n; and 1. The three values correspond to the cases
that (1) no types cooperate, (2) only the good types cooperate, and (3) all
types cooperate, respectively. In a mixed-strategy equilibrium, there are two
possible cases, 0 < m;(y) < n; and n; < m;(y) < 1. In the first case, good types
may cooperate with positive probability and bad types do not. In the second
case, good types cooperate and bad types may with positive probability.

Corresponding to three possible values, 0, n; and 1, of the equilibrium

probability m;(y) of player i’s choosing C', we have the following thresholds for

player 7.”
1 dl 1 dl .
T70)==In— T/ (ny)=—In—— TV(1) =+ 3.5
)= g Th) = s T (35)
. 1 dg i 1 d2
T4(0) = 400 TI(ny) = — In Ti(1) = —=1n 3.6
4(0) O - (@)

The trust thresholds of an investor satisfy 77(0) < T7(ny) < T7(1). The

9See footnotes 7 and 8. If 1 — Byny < 0, then we set le(ng) = 4o00.

10



trust threshold increases as a receiver cooperates more likely. She cooperates
against a receiver at any distance if the receiver also cooperates with prob-
ability one. Without knowing a partner’s type, an investor bears the risk
of trusting a receiver (possibly untrustworthy). Investors trust receivers at
greater distance as the partners are trustworthy more likely. The intermediate
threshold 77 (ny) rises if the ratio of repayment (j3) from receivers rises, or if
the return of investment () rises, or if the fraction of good types (ng) in the
population of receivers rises.

The receiver’s trustworthiness thresholds satisfy the opposite inequalities,
TJ(1) < Ti(ny) < TJ(0). The threshold decreases as the investor cooper-
ates more likely. As we have noted, the receiver’s net expected material gain
fywm(y) from playing N rather than C' increases as the investor trusts him
more likely. In order to overcome the higher temptation to cheat, the receiver
should be matched with an investor more nearby so that the norm of good
conduct (trustworthiness) can be applied with the greater force. The receiver
cooperates in a match with any distance if the partner does not invest. This
follows from the investor-receiver relationship that the receiver’s material pay-
off is constant at zero if the investor chooses N, while he enjoys noneconomic
benefit of trustworthiness no matter how distant matches are. The interme-
diate threshold TY(ny) of the receiver depends on parameters in the opposite
way to the case of an investor. Namely, 7Y (n;) rises if the ratio of repayment
(B) from receivers falls, or if the return of investment () falls, or if the fraction

of good types (ns) in the population of receivers falls.

Theorem 1. There exists a unique equilibrium in the trust game with ran-

dom matching. The equilibrium probabilities 7 (y) and m(y) of two players’

11



choosing C' are characterized as follows.

1. m(y) = 1,m(y) =1 for 0<y<T1

2. m(y) = 1, me(y) = ny for
3. m(y) =1, m(y) =0 for

) <

(1
4. ny<m(y) <1,0 <m(y) <ny for  max(T7(0),7¢(1)) <y < min(T}(n
)

T7(1) < y < min(T7(n2), T.
y < Tb(o

2), T,

HU

5 (1)

1)

5. np <m(y) < 1lyne <my) <1 for max(T} (ng), TY(1)) <y < T2 (ny

6. m1(y) = ny, me(y) = ng for maX(le(ng),TQb(nl)) <y <min(T{(n

m(y) =ny,m(y) =0 for

0<m(y) <ni,0<m(y) <ng for

© o X

0<m(y) <mnp,ng <m(y) <1 for

The theorem shows that the equilibrium configuration of the trust game is
more complicated than that of the prisoner’s dilemma considered by Tabellini
(2008b).1° In the prisoner’s dilemma, the (Pareto superior) equilibrium has
only three phases. With two thresholds, Y° and Y, for a bad type and for a
good type, both types cooperate in a match with distance y if 0 < y < Y?,
and only good types cooperate if Y < y < Y'! and no types cooperate if
Y! <y < S. In contrast, the equilibrium of the trust game has nine phases.

The reason for the complexity of equilibrium configurations in the trust
game is that investors and receivers have different strategic incentives. In the
prisoner’s dilemma, two players have the same incentives. Different incen-
tives of investors and receivers lead to a cycle of their best responses when
the noneconomic benefits of trust and trustworthiness are small. Investors are
willing to trust receivers if they are trustworthy. On the other hand, receivers

are tempted to cheat investors’ trust. Anticipating this, it is optimal for in-

10The prisoner’s dilemma game with random matching has multiple equilibria due to
strategic complementarity. Tabellini (2008b) confines attention to the Pareto superior equi-
librium that sustains the maximal cooperation.
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maX(Tlg(ng),Té’(nl)) <y<S§S.



vestors not to trust them. Then, receivers are motivated to be trustworthy if
they enjoy noneconomic benefit to be trustworthy, no matter how small it is.
Due to the cycle of best responses, a mixed-strategy equilibrium prevails in
the trust game if noneconomic benefits are not very large. Actually, it always
holds that some type of at least one player may cooperate with a positive
probability.

The equilibrium behavior of investors and receivers are summarized as fol-
lows. First, when social distance is sufficiently small, investors trust receivers,
who reciprocate their trust (case 1). As in Tabellini (2008b), this property
is the direct result of the assumption that the closer their matches are, the
higher noneconomic benefits individuals enjoy from trust and trustworthiness.
This case corresponds to a local community where every individual strongly
internalizes the norm of trust and trustworthiness. Second, the probability
of investors’ cooperation (trusting) is monotonically decreasing in social dis-
tance, as in the prisoner’s dilemma. Good types of investors cooperate until
the distance T7(0) (cases 1-7), and beyond that they play mixed strategies.
Bad types of investors cooperate over a smaller range until the distance T7(0)
(cases 1-3), and they play mixed strategies until T¢(n;) (cases 4 and 5), and
beyond that they do not cooperate. Third, the probability of receivers’ coop-
eration (trustworthiness) is not monotonic in social distance. There are four
phases: monotonically decreasing (cases 1-3), monotonically increasing (cases
4 and 5), monotonically decreasing (cases 6 and 7), and monotonically increas-
ing (cases 8 and 9). Fourth, as social distance becomes large beyond the local
community, bad types of receivers are the first who behave non-cooperatively
(case 2). When distance becomes greater, good types of receivers do not coop-
erate, either (case 3). In this case, all types of investors trust untrustworthy
receivers since their noneconomic benefits of trusting motivate them to do
so. Fifth, when social distance is intermediate (cases 4 and 5), bad types
of investors are motivated not to trust their partners. As a result, a mixed

equilibrium prevails. Finally, if social distance is very large (cases 8 and 9),
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a mixed equilibrium prevails again. Bad types of investors never trust their
partners, and only good types of them may cooperate.

To make our analysis transparent, we place some restrictions on model
parameters. In Theorem 1, we rule out two cases 3 and 7 that no types of
receivers act in a trustworthy manner. Namely, we assume that 77(0) < 75 (1)
and T7(0) < T3 (ny) for every 0 < ny < 1. Since T35 (1) < T3 (ny) for every ny,

these conditions are reduced to T7(0) < 75 (1), which is rewritten as

Ind' —Inw 7

(41) & —Infyw 0

Under (A1), the minimum threshold for a good investor is smaller than that
for a good receiver. We also assume that le (ny) = oo for every j = g,b,!!
equivalently:

1

When only the good receivers are trustworthy, every type j of the investor
earns material payoff Sywny if she trusts a receiver, and w otherwise. Thus,
under (A2), the optimal choice of an investor is to trust her partner, regardless
of a distance. Intuitively, if the fraction of good receivers is sufficiently large,
then every type of an investor is willing to trust a receiver, no matter how far
they are connected. (A2) rules out cases 5, 6 and 9 in Theorem 1.

The next proposition is a corollary of Theorem 1. For simplicity of analysis,

we will assume (A1) and (A2) in what follows.!?

Proposition 1. Under (A1) and (A2), a unique equilibrium of the trust game

HSee footnote 7.
2The result of the paper holds true without these assumptions.
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with random matching is characterized as follows.

1. m(y) =1,m(y)=1  for 0 <y <Ty(1)
2. m(y) =1,m(y) =ny  for  TH(1) <y < TH(1)
3. ny < m(y) < 1,0 < me(y) < mna for TI(1) <y < Ty (ny)

4. 0 <m(y) <m0 <m(y) < mng for TI(n) <y<S

The equilibrium in the proposition has a simple structure. A bad investor
cooperates until the threshold 75 (1) and a good investor does further until
TY(ny). A bad receiver cooperates until the threshold T2(1), and he never
cooperates beyond the threshold. A good receiver cooperates in matches with
longer distances until 75 (1), and he may cooperate with a positive probability
in every match beyond the threshold. If a match becomes sufficiently far, only
good types of investors and receivers may cooperate with positive probability.
Interestingly, the equilibrium configuration in Proposition 1 depends only on
trustworthiness thresholds for receivers.

Recent experimental studies of trust games support the prediction of Theo-
rem 1 and Proposition 1 that trust and trustworthiness can be maintained more
likely among socially closer partners. Glaeser et al. (2000) report experimental
evidence that when individuals are socially closer (in the number of friends in
common and the duration of their acquaintanceship), both levels of trust and
trustworthiness rise. Specifically, trustworthiness declines when partners are of
different races or nationality, even after controlling social connection. In their
experiments, eleven out of the twelve times with no money returned, partners
were of different races. Employing an economically relevant measure of social
distance, Etang et al. (2011) conduct trust game experiments in two villages
in rural Cameroon. They found that significantly more money was sent when
players lived in the same village, although levels of trust and trustworthiness

towards the other village were still high. Gender, education and membership
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of rotating credit groups also influenced transfers. Many experiment studies
in social psychology show that even the ad hoc categorization (minimal-group
condition) of individuals affect their cooperative behavior, in general. In cross-
national experiments of the trust game, Buchan et al. (2002) show that the
level of trust is higher among “neighbors” than among “strangers” where the

group identity of neighborhood is experimentally manipulated.

4 Cultural Transmission

In this section, we consider how the proportion n; of good investors and good
receivers change through cultural transmission of the values of trust and trust-
worthiness. Following recent theoretical studies of cultural transmission (Bisin
and Verdier 2001 and Tabellini 2008b), we assume that parents rationally
choose values to transmit to their children. Parents evaluate their children’s
actions with their own preferences. Under this assumption of “imperfect em-
pathy” (Bisin and Verdier 2001), parents attempt to socialize their children to
their own preference trait. Dohmen et al. (2012) provide empirical evidence
for transmission of risk and trust attitudes from parents to children.

The trust game in the last section is played over infinitely many periods.
Each period has two generations, kids and parents, in two populations of in-
vestors and receivers. In the first period of their life, kids are educated by
their parents. The education increases the probability that a kid becomes a
good type. After the education, kids play the trust game, observing their own
types. In the second period of their life, each player becomes a parent of a
single kid and devotes effort to education. Education is costly.

To analyse the dynamics of cultural transmission, we first consider the par-
ents’ educational choice where their kids behave according to the equilibrium
of Proposition 1.

For each player k = 1,2 and each type i = g,b, let o (y) be the probability
that a kid of type ¢ cooperates in a match with distance y, and 7 (y) be the

16



probability that a kid cooperates at distance y. In the population of player
1 (investors), consider a parent of type ¢ who has a kid of type j in period
t =1,2,---. Let Vf]t denote the parent’s evaluation of the kid’s expected
utility. We assume that Vf]t is given by

Vi = / (ul(01(2), ma(2)) + d'ol(2)e " g (2)dz (4.7)

where u] (¢(2), m(2)) is the material payoff that a kid of type j receives in a
match with distance z when a partner may cooperate with probability m(z).
The parent’s evaluation Vl”t implies that the parent cares about the kid’s ma-
terial payoff in the same way as the kid, but that the parent values the good
conduct (trust) in her own way, possibly different from the kid’s. For player
2 (receivers), the type i parent’s evaluation, V;]t, of the type j kid’s expected
utility is defined in the same way as (4.7).

Types of kids depend on the effort of their parents in every population
i(=1,2) as follows. If the parents devote a positive effort f;, then their kids
turn out to be good types with probability d;+ f; and bad types with probability
1—0; — f;. Note that the probability that a kid becomes a particular type does
not depend on the types of their parents. It depends only on the natural rate
0; of transmission and on the effort level f; of the parents. This formulation of
cultural transmission is adapted from Tabellini (2008b). The rule of cultural
transmission implies that parents are motivated to educate their kids if they
evaluate higher a good kid than a bad one.

The next proposition shows the parent’s educational choice.

Proposition 2. For every population ¢« = 1,2, a good parent is motivated to

devote a positive effort to educating a kid. A bad parent exerts no effort.

Proposition 2 reproduces the result of Tabellini (2008b, Lemma 2) in our

context of the trust game. Good parents evaluate good kids higher than bad
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ones, and thus they are motivated to educate their kids. On the other hand,
bad parents evaluate bad kids higher than good ones, and thus they exert no
effort to educating their kids. While the proposition compares the expected
evaluations of parents for having kids of different types over the whole range
[0, 5], it actually shows that parents weakly prefer having kids of the same
types as theirs in every match in [0, S] and do strictly so in some matches.

The intuition for the result can be explained as follows. From their own
value judgements, parents evaluate the equilibrium outcome of the trust game
in Proposition 1. Parents are indifferent between having different types of
kids if their actions are identical (cases 1 and 2 for investors and case 1 for
receivers). Consider first the population of investors. When social distance
is in a middle range (case 3), a good kid cooperates, and a bad kid plays a
mixed strategy. Thus, a good kid prefers to cooperate rather than playing the
mixed strategy for the bad kid. Since a good parent has the same value as
the good kid, she prefers to have a good kid. On the other hand, a bad kid is
indifferent between trusting and not trusting her partner. Since a bad parent
has the same value as the bad kid, she is indifferent between having a good
or bad kid. When social distance is large (case 4), a good kid plays a mixed
strategy and a bad kid does not trust her partner. The good kid is indifferent
between trusting and not trusting the partner. Since a good parent has the
same value as the good kid, she is indifferent to a type of her kid. On the
other hand, the bad kid prefers not to trust the partner rather than playing
the mixed strategy for the good kid. Since a bad parent has the same value as
the bad kid, she prefers to have a bad kid rather than a good kid who plays a
mixed strategy.

Consider next a parent in the population of receivers. When social distance
is in a middle range (case 2), a good kid sends a positive money and a bad kid
does not. Since a good parent has the same value as the good kid, she prefers
to have a good kid. By the same reason, a bad parent prefers to have a bad

kid. When social distance becomes larger (cases 3 and 4), a good kid plays a
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mixed strategy and a bad kid prefers not to behave in a trustworthy manner.
The good kid is indifferent between sending and not sending a positive money.
Since a good parent has the same value as the good kid, he is indifferent to a
type of his kid. The bad kid prefers not to send a positive money rather than
playing the mixed strategy for the good kid. Since a bad parent has the same
value as the bad kid, he prefers to have a bad kid rather than a good kid who
plays a mixed strategy.

We now consider the good parent’s optimal effort level for education. Fol-
lowing Tabellini (2008b), we assume that the parent incurs guadratic costs
(1/2¢) f? where f > 0 is an educational effort. In every population i = 1,2,
let Vigj be the good parent’s evaluation of the type j kid’s expected utility de-
fined by (4.7). The parent chooses an effort f; to maximize her or his expected

evaluation

i+ [V + (1= 6 — f)V — (1/20) f7,

given the effort chosen by all other parents. The first-order optimality condi-
tion is given by

filo =V -V (4.8)

For i = 1, it follows from Proposition 1 that

TS (n1) ;
file = / (Brwms(z) — w + die~7} g(2)dz

TJ(1)
T3 (n1)

= dl/ (e7%% — %) g(2)dz. (4.9)

T3(1)

In the range [T5(n1),S], a good kid plays a mixed strategy, and thus she
is indifferent between choosing C' and N. Since a bad kid chooses N, this
implies that a good parent is indifferent to a type of her kid. In the range
[T5(1),TY(n1)], the mixed strategy equilibrium condition for a bad kid implies
that Sywma(z) —w = —d'e %%, The parent’s optimal effort is determined

by the difference of her evaluations between having good and bad kids in the
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intermediate range [T5 (1), Ty (n1)] where both types of kids behave differently.
It follows from (4.9) that the parent’s optimal effort f; is a function of the
fraction ny of good kids, and we denote it by fi(n).'?

Since Ty (ny) is a decreasing function of ny, the optimal effort fi(n) is
decreasing in n;. This means that the trust game does not have the strate-
gic complementarity with respect to parents’ education discussed in Tabellini
(2008b). This property of the trust game is due to the interaction between dif-
ferent populations of investors and receivers, which is missing in the prisoner’s
dilemma. If the ratio ny of good kids increases in the population of investors,
then receivers have more incentive to cheating, and thus their trustworthiness
threshold T3 (ny) decreases. In turn, the range [T5 (1), 75 (n1)] becomes smaller
and it makes investor parents to appreciate less the trusting behavior of their

kids. As a result, they devote less effort fi(n;) to education.

Similarly, for ¢ = 2 we have

7301) )
hle = / {(1= B)yw + doe™ — qubg(2)dz

T3(1)

T3 (1)
= / (dae™"2* — Byw)g(z)dz. (4.10)

(1)

The receiver parent’s optimal effort f; is determined by the difference of
his evaluations between having good and bad kids in the intermediate range
[T2(1), T (1)] where both types of kids behave differently. It does not depend
on the fraction n; of good kids in either population under (Al) and (A2).
Given the optimal efforts (4.9) and (4.10) of parents, a kid of a good parent
turns out to be a good type with probability d§; + f;(n;),'* while that of a bad
parent becomes a good type with probability ¢;. By the Law of Large Numbers,

13In general, the parent’s optimal effort level may depend on fractions ni,ns of good
players in both populations in the equilibrium characterized by Theorem 1.
14Cost parameter ¢ is assumed to be sufficiently small so that 0 < §; + fi(n;) < 1.
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the fraction of good kids in each population ¢ = 1,2 in period ¢ is given as

ne = (0; + fi(ng))e—1 + 6i(1 — my—1) = 05 + my—1 fi(ne). (4.11)

We now obtain the following proposition.

Proposition 3. For sufficiently small ¢, the cultural transmission (4.11) in
population i(= 1,2) has a unique stationary point n; which is globally stable.
. . . x 5
The stationary point satisfies n} = TheE
Good parents devote positive efforts to educating their kids. Starting from
an initial situation where there are few good individuals in the populations
of investors and receivers, the fractions of good types monotonically increase

and converge to the stationary points. Higher efforts of parents increase the

stationary levels of trust and trustworthiness.

5 Trust and Institution

Tabellini (2008b) investigates whether good values of cooperation are crowded
in or out by better external enforcement, based on his model of the prisoner’s
dilemma with random matching. The quality of external enforcements is for-
mulated as the probability of cheating being detected. Comparing two differ-
ent, local and legal, enforcements, which are applied to neighboring and distant
matches, respectively, he argues that better legal enforcement contributes the
diffusion of good values, but that better local enforcement destroys good values.
The reason for this result is that good players cooperate over a larger range of

matches under better legal enforcement, and thus parents devote more efforts

5Replacing imperfect empathy with full altruism, Tabellini (2008b) considers the cultural
transmission by parents who care about kids’ welfare evaluated by the kids themselves. He
shows that all (good and bad) parents devote positive efforts to educating their kids since
the expected utility of a good kid is always higher than that of a bad kid. It can be shown
that the same result holds in the trust game.
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to education. In contrast, when local enforcement is strengthened, the thresh-
old of cooperation for bad players increases, and thus the range of matches
where bad and good players behave differently shrinks. As a result, parents
put less efforts to education. In this section, we examine whether or not these
insights of Tabellini (2008b) can be extended to trust and trustworthiness.

Recently, many empirical studies of trust show that trust is composed of
social preferences and beliefs in reciprocal behavior (Ashraf et al. 2006, Fehr
2009, Ben-Ner and Halldorsson 2010, and Sapienza et al. 2013, for example).
Better enforcements positively affect people’s belief in others’ reciprocal be-
havior. But, how about social preferences? If external intervention through
monetary rewards or punishments undermines intrinsic motivation as the mo-
tivation crowing theory suggests,!® better enforcement may hurt trust and
trustworthiness, and may have a long run effect on social, economic, and po-
litical outcomes through cultural transmission.

We formalize external enforcements in the trust game as follows. If an
investor cooperates and a receiver cheats in a match of distance y, then cheating
may be detected with probability p(y). In the case of detection, the receiver is
enforced to implement a contract, that is, to repay the § amount of the return
yw to the investor. If the cheating is not detected, the two players receive
payoffs in Table 1. Note that enforcement is relevant only for a receiver. The
quality of external enforcement is captured by the detection probability p(y).
For an action pair (C, N), the investor obtains expected payoff Syp(y)w, and
the receiver does (1 — Bp(y))yw. The payoff matrix under enforcement is given
in Table 2 where p = p(y). We assume that Syp < 1 so that the trust games

in Tables 1 and 2 have the same strategic properties.

16Frey and Jegen (2001) provide an excellent survey on empirical evidences supporting the
existence of motivation crowding effects in a wide variety of social, economic and political
situations.
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C N

C|pw,d-pw| Bww , (1-pp)w
N w, 0 w, 0

Table 2 Material payoffs under enforcement

An investor of type j is indifferent between playing C' and N if

Brw{ma(y) + (1 — ma(y))p(y)} + dre M = w (5.12)

where o (y) is the probability that a receiver cooperates. A receiver of type j

is indifferent between playing C' or N if

(1= B)ywmi(y) + dae™® = (1 — Bp(y))ywmi (y) (5.13)

where 7 (y) is the probability that an investor cooperates in a match with
distance y.

From (5.12) and (5.13), the three kinds of thresholds (3.5) and (3.6) for
two players are changed as follows. Let p = p(y).

TIO0)=—In—  Tiny) = —In— Ti (1) =00 (514
1p< ) 9{ w(l _ 57]9) lp( 2) 9{ w(l _ B/}/ng) 1p( ) ( )
where nb = ny + (1 — n2)p,'" and
1 d2 1 d2

T3,(0) = 00, T3, (m) = 73,(1)

2 . (5.15
05 B(1—p)ywn, (5.15)

- -2

65 B(l—phw
Comparing the two players’ thresholds without enforcement in (3.5) and (3.6)
and those with enforcement in (5.15) and (5.16), we can see that the introduc-

tion of enforcement can expand the ranges of cooperation for them, regardless

'TIE 1 — Bynf < 0, then we set 17, (nz) = +oo.

23



of their types.

The equilibrium analysis in the last section holds true under enforcement,
replacing the thresholds of two players with those defined by (5.13) and (5.14).
In what follows, we consider the same type of equilibrium as in Proposition 1.
Note that (A2) implies 1 — Bynb < 0 and thus 7Y,(ns) = oo in (5.14). (A1) is
easily modified under enforcement.

Given the equilibrium configurations in Proposition 1, we consider three
levels of enforcements. Let y! belong to a right-hand neighborhood of T2(1),
and y? to a right-hand neighborhood of T (1). Three level enforcements p°, p,
and p? are applied to matches in the ranges [0,y'], (y', %], and (y?, 5], respec-
tively. The parameter p° corresponds to local enforcement which is relevant
within families, small groups, and communities. The parameter p? corresponds
to legal or formal enforcement that is more relevant beyond communities where
local enforcement is ineffective. The parameter p' captures an intermediate
enforcement.

The following proposition shows how the optimal efforts of parents are af-

fected by different kinds of enforcement institutions.

Proposition 4. The educational effort of an investor parent is constant,
monotonically decreases, and monotonically increases as local, intermediate,
and legal enforcement increase, respectively. That of a receiver parent mono-
tonically decreases, increases, and is constant as local, intermediate, and legal

enforcement increase, respectively.

We obtain two implications of Proposition 4. First, enforcements which are
applied to transactions in matches between socially closer partners are more
likely to hurt trust and trustworthiness. Those which are applied to more
distant matches are more likely to crowd in these values. Second, different
institutions influence trust and trustworthiness in different ways. In the pop-

ulation of investors, a good parent is less willing to educate her kid when an
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intermediate enforcement increases, and is more willing when legal enforce-
ment increases. In the population of receivers, a good parent is less willing to
educate his kid when local enforcement increases, and is more willing when an
intermediate enforcement increases.

The intuition for these results can be explained as follows. The intro-
duction of enforcement increases all trustworthiness thresholds for receivers,
T2(1),T9(1),T§(ny), which determine the equilibrium behavior of kids. By the
definition of the three types of enforcement, the smallest threshold T2¢(1,p°)
depends on pY; and the intermediate one T3 (1, p') does on p', and the largest
one T§(ny, p?) does on p? (assuming that p° and p! are not very large). All the
thresholds are monotonically increasing functions of the corresponding levels
of enforcement. In the population of investors, a good kid trusts a partner in
all matches over the range [T3 (1,p'), T3 (ny, p*)], and a bad kid does not. Thus,
a good parent evaluates a good kid more than a bad kid over this range. Since
the threshold TJ (1, p') is increasing in p', the range shrinks and the expected
evaluation of the parent for having a good kid decreases if p' is strengthened.
As a result, the parent is less willing to educate her kid. On the other hand,
the increase of legal enforcement p? expands the range of trusting, and thus
the parent becomes more willing to educate her kid. The same logic can be ap-
plied to the population of receivers although the enforcement level enhancing
the parent’s educational effort is different from the case of investors.

Proposition 4 shows that the insight of Tabellini (2008b) into the rela-
tionship between enforcement and the value of cooperation in the prisoner’s
dilemma can be basically extended to the case of trust and trustworthiness.
Better enforcement such as law applied to distant transactions contributes to
the diffusion of trust and trustworthiness, and a strong local enforcement ap-
plied to a smaller group may hurt them. We, however, should remark that
value-enhancing enforcements for trust and trustworthiness are possibly dif-
ferent. For example, according to Proposition 4, the improvement of an inter-

mediate enforcement enhances trustworthiness and deteriorates trust.
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Bohnet and Baytelman (2007) provide empirical evidence supporting the
results of crowding-out discussed above. With subjects of senior executives,
they compare the amounts of money sent and returned in an anonymous one-
shot trust game with those under four institutional constraints (pre-play com-
munication, post-play communication, post-play punishment, and repetition).
They find that all settings with tighter institutional constraints compared to
the one-shot trust game decrease intrinsically motivated trust. In contrast, the
institutional constraints do not affect trustworthiness. This finding supports
our theoretical result that trust and trustworthiness are crowded out under
different types of institution. Frey and Oberholzer-Gee (1997) present a case
study of the siting of a noxious facility (repositories for nuclear wastes) in
Switzerland, and show that financial compensation reduces the willingness to
host the facility due to motivation-crowding out.

Finally, Proposition 4 is consistent with empirical studies on cross-national
differences of trust in the literature. Yamagishi and his associates (Yamagishi
and Yamagishi 1994, Yamagishi et al. 1998) provide empirical evidence that
American people are more trusting other people in general than Japanese peo-
ple. They argue that this cross-national difference prevails since networks of
committed relations play a more prominent role in Japanese society than in
American society.'® General trust is irrelevant under commitment formation
and assurance. Proposition 4 provides a theoretical support to their arguments.
It is conceivable that Japanese society has a higher level of local enforcement
which are applied to closely connected individuals such as families, firms, and
communities. Thus, caused by the crowding-out effect shown in Proposition 4,
the value of trust has been diffused less in Japanese society than in American

society.

18Yamagishi et al. (1998) write: “strong and stable relations (such as family ties and
group ties) promote a sense of security within such relations but endanger trust that extends
beyond these relations.”
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6 Concluding Remarks

We have considered the cultural transmission of trust and trustworthiness when
players are intrinsically motivated by these good values. Cultural transmis-
sion takes place through socialization by parents’ education. Since parents
with imperfect empathy evaluate the welfares of their children by their own
preferences, only good parents with higher levels of generalized trust evalu-
ate good children more than bad ones, and thus they make positive efforts
to educate their children. In a cultural transmission process from parents to
children, the ratios of good players globally converge to a stationary point
when educational costs are sufficiently small. The strengthening of a more
local enforcement which apply to transactions between socially closer partners
deteriorates the good values of trust and trustworthiness, and that of a legal
enforcement which applies to transactions with far distance enhances them.
The strengthened local enforcement reduces the range of transactions where
good and bad players behave differently, and as a result, it discourages parents’
education. It has a long-run effect on trust and trustworthiness. Institution,
however, influences trust and trustworthiness in different ways. A better “in-
termediate” enforcement crowds out trust, and crowds in trustworthiness.
Finally, institution is exogenously given in our analysis. We have focused on
a one-way relation from institution to behavior under the assumption that in-
stitution affects the intrinsic motivation of trust and trustworthiness. Tabellini
(2008b) extends his analysis to an issue of endogenous institution, considering
the opposite relation from behavior to institution. Viewing that the quality
of distant matches is determined by a political process, he argues that poli-
tics and culture interact with mutually reinforcing effects. Further analysis of

interactions between trust and politics remains for future research.
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Appendix

Proof of Theorem 1. For every i = 1,2 and j = g,b, let ¢/(y) be the
equilibrium probability that player ¢ of type j chooses C'in a match at distance
y. Also, let m;(y) be the equilibrium probability that player i chooses C' in a
match at distance y. It holds that m;(y) = ;07 (y) + (1 — ni)al(y).

The best response of player 1 of type j = g,b is given as

ol(y) =1 if y < T} (m(y))

0<oi(y) <1 if y=T{(m(y)) (A1)

ol(y) =0 if y>T!(m(y))

where T (5(y)) is defined by (3.2) and (3.5). The best response of player 2 of
type j = g, b is given as

o(y) =1 if y<TY(m(y))
0<ay(y) <1 if y=TY(m(y)) (A.2)

oj(y) =0 if y>TY(m(y))

where TY (7 (y)) is defined by (3.4) and (3.6). Keeping m(y) fixed, we have
TP (ma(y)) < TY(m2(y)). This implies that if 0 < o?(y), then of(y) = 1. Thus,
there are three possible cases, m(y) = 0,11, 1, in a pure-strategy equilibrium,
and two possible cases, 0 < m(y) < n1,n; < m(y) < 1, in a mixed-strategy
equilibrium. By the same reason, there are three possible cases, m(y) =
0,n9,1, in a pure-strategy equilibrium, and two possible cases, 0 < m(y) <
ng, ne < mo(y) < 1, in a mixed-strategy equilibrium.

We will check the equilibrium conditions in all 13 (=3x3 + 2x2) possible
cases.
case 1. m(y) =1, m(y) =1:

Since T/ (1) = +oo for every j = g,b, my(y) = 1 and (A.1) imply o}(y) = 1
and thus m;(y) = 1 for every y. By (A.2), oJ(y) = 1 is a best response to
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m(y) = 1if y < TJ(1). Thus, (mi(y) = 1,m(y) = 1) is an equilibrium if
y < T(1).
case 2. m(y) =ny,m(y) =1:

By the same reason as in case 1, mo(y) = 1 must imply that m(y) = 1. A
contradiction. Thus, (m(y) = n1,m2(y) = 1) is not an equilibrium for any y.
case 3. m(y) =0,m(y) =1:

By the same reason as in case 2, (7 (y) = 0, m(y) = 1) is not an equilibrium

for any y.
case 4. m(y) = 1, m(y) = na :
y (A1), o ( ) = 1 is a best response to m(y) = ny if y < TV (ny).

By (A.2), o)(y) = 1 is a best response to m(y) = 1 if y < TJ(1). Thus,
(m1(y) = 1, m2(y) = ny) is an equilibrium if T¢(1) < y < min(T}(ny), T3 (1)).
case 5. m(y) =1,m(y) =0:

By (A.1), ol(y) = 1 is a best response to m(y) = 0 if y < T7(0). By
(A.2), o}(y) = 1 is a best response to my(y) = 1 if y < TY(1). Thus, (7 (y) =
1,m(y) = 0) is an equilibrium if 75 (1) < y < T2(0).
case 6. m(y) = ny, ma(y) = ngy :

By (A.2), ol(y) = 1 is a best response to my(y) = ny if y < TV(ny). By
(A.2), ol(y) = 1 is a best response to m(y) = ny if y < T4(ny). Thus,
(m1(y) = ni,m(y) = ng) is an equilibrium if max(TP(ny), Te(ny)) < y <
wmin(T(n3), T§ (n2)).
case 7. m(y) = 0,m2(y) = ns :

Since TY(0) = +oo for every j = g, b, mi(y) = 0 and (A.2) imply o}(y) = 1
and thus my(y) = 1 for every y. A contradiction. Thus, (m1(y) = 0, m2(y) = n2)
is not an equilibrium for any y.
case 8. m(y) =ny,m(y) =0

By (A.1), ol(y) = 1 is a best response to m(y) = 0 if y < T7(0). By
(A.2), oj(y) = 1 is a best response to m(y) = ny if y < T3(ny). Thus,
(m1(y) = ny, m2(y) = 0) is an equilibrium if max(77(0), 7§ (ny)) < y < T7(0).
case 9. m(y) =0,m(y) =0
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Since TY(0) = +oo for every j = g,b, mi(y) = 0 and (A.2) imply o}(y) = 1
and thus my(y) = 1 for every y. A contradiction. Thus, (7 (y) = 0,m(y) = 0)
is not an equilibrium for any y.
case 10. n; < m(y) < 1,0 < ma(y) < ng :

It holds that 0 < ¢%(y) < 1 and 0 < 0§(y) < 1. By (A.1) and (A.2), we

must have

v = Tm) = g g (A3
1 d2

y = Tg(m(y))zg_glnﬁw—m(y)'

(A.4) solves

Thus, n; < m1(y) < 1 is equivalent to that Ty (1) <y < T35 (n1). (A.3) solves

1

maly) = 5-(1- e ),

w
Thus, 0 < m(y) < ny is equivalent to that TP(0) < y < TP(ny). In sum,
(n1 < m(y) < 1,0 < ma(y) < ny) is a mixed equilibrium if max(77(0), T3 (1)) <
y < min(T?(ny), T3 (ny)).
case 11. ny < mi(y) < 1,ng < ma(y) < 1:

It holds that 0 < o%(y) < 1 and 0 < o4(y) < 1. By (A.1) and (A.2), we
must have
di

y = T1b(7r2(y)) = Qilljlnw(l _ 5771_2(:‘/)) (A5)
v = Tm) = gl

(A.6)

(A.6) solves
ds e 03y,

Wl(y):m
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Thus, n; < m1(y) < 1 is equivalent to that T2(1) < y < T¢(ny). (A.6) solves

L By,

mo(y) = 5—7 o

Thus, ny < m(y) < 1 is equivalent to that TP(ny) < y. Note that m(y) < 1
holds for any y since Sy > 1. In sum, (n; < mi(y) < L,ne < m(y) < 1) is a
mixed equilibrium if max(7}(ny), Ty (1)) <y < T2(ny).
case 12. 0 < m1(y) < nq1,0 < ma(y) < ng:

It holds that 0 < ¢{(y) < 1 and 0 < o§(y) < 1. By (A.1) and (A.2), we

must have

d

v = ) = (A7)
y = THmy) = i —2 (A8)

—In————.
93 Brywmy (?J)

(A.8) solves
da

= 2 b3y
Trl(y) ﬁVwe
Thus, 0 < m1(y) < np is equivalent to that T3 (n1) < y. Note that 0 < m(y)

holds for any y. (A.7) solves

! (1— ﬁe—efy).

Ta(y) = B_’y w

Thus, 0 < ma(y) < ng is equivalent to that 77 (0) < y < TY(ng). In sum, (0 <
m(y) < n1,0 < m(y) < ng) is a mixed equilibrium if max(77(0), 75 (n;1)) <
y < T{(n2).
case 13. 0 < mi(y) < my,ng < me(y) < 1:

It holds that 0 < ¢f(y) < 1 and 0 < o4(y) < 1. By (A.1) and (A.2), we

must have

g _ 1 &
y = Tmy) =g a—p s
dy

—ln—————.
93 B’YWH(ZJ)
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(A.10) solves

Thus, 0 < m(y) < n is equivalent to that T9(n;) < y. Note that 0 < m(y)
holds for any y. (A.9) solves

Lo Do

mo(y) = 5_’7 o

Thus, ny < ma(y) < 1 is equivalent to that 77 (n2) < y. Note that mo(y) < 1
holds for any y since Sy > 1. In sum, (0 < m(y) < ny,ne < m(y) < 1) is a
mixed equilibrium if max(77(ny), 7¢(n,)) < y. Q.E.D.

Proof of Proposition 2.

Consider first the population of investors. In a match with distance y,
let o (y) be the probability that a kid of type j(= g¢,b) may cooperate, and
T(y) the probability that a partner may cooperate. Let v}’ (o7 (y), ms(y)) be
the expected utility that the type j kid receives in a match with distance y
where noneconomic benefit of trust is evaluated by the value of a parent of

type k(= g,b). Namely, we have

W (1, ma(y)) = Brwma(y) + die”™®Y, v (0,m(y)) = w.

Let ij be the evaluation of a type ¢ parent for having a type j kid (omitting
time variable ¢). By (4.7), it holds that

Consider a good parent. It follows from Proposition 1 that

. T3 (n1) X
Ve v = / [089(1,my(2)) — v(0(2), ma(2)) }g ) dz

73 (1)

S
n / [089(09(2), m(2)) — v8*(0,m3(2)) bg(2)dz. (A1)

5 (n1)

32



Note that the parent is indifferent between having a good kid and a bad kid
over the range [0, 75 (1)] since kids’ actions are the same.

We will examine the sign of the right hand side in (A.11) term by term.
Consider the first term. In equilibrium, a good kid chooses o{(z) = 1, and
thus v{?(1, m2(2)) > w. Since a bad kid plays a mixed strategy 0 < o?(z) < 1,
it holds that

" (01(2),ma(2)) = ot ()’ (L, ma(2)) + (1 - o7 (2))w

< {9(1,ma(2)).

Therefore, the first term is strictly positive. Consider the second term. A good
kid plays a mixed strategy 0 < oy(z) < 1. Since she is indifferent between
choosing 0 and 1, it holds that v{(¢{(2),m2(2)) = w. Since a bad kid chooses
ob(z) = 0, v9°(0,my(2)) = w. Therefore, the second term is zero. In total, we
have V%9 > V&,

For a bad parent, we have

b T3 (n1) X
W = [ ol () - o (1 mal) o)z

73 (1)

S
n / [089(0, ma(2)) — v!%(0%(2), ma(2)) Yo (2)dz. (A12)

5 (n1)

Consider the first term of (A.12). In equilibrium, a bad kid plays a mixed
strategy 0 < 0%(z) < 1, and thus is indifferent between choosing 0 and 1.
This implies that v%(c?(2), ma(2)) = v8°(1,m2(2)) = (0, m(2)) = w. By
definition, we have v (1, m5(2)) = v (1, m5(2)). Thus, the first term is equal to
zero. Consider the second term of (A.12). A good kid plays a mixed strategy
0 < 0{(z) < 1, and thus is indifferent between choosing 0 and 1. This implies
that

V9 (09(2), ma(2)) = Brywms(z) + die % = w.
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Since 6 < 6%, it holds that

n?(01(2),m(2)) < of(2)(Brwme(z) + die %) + (1 - of(2))w

= (0, m,(2)).

Therefore, the second term is strictly positive. In total, we have V{ > V9.
Consider next the population of receivers. We use similar notations to the
case of investors. Let va’ (m1(y), o4(y)) be the expected utility that a kid of
type j(= g, b) receives in a match with distance y where noneconomic benefit of
trustworthiness is evaluated by the value of a parent of type k(= g,b). Namely,

we have

W (1 (y), 1) = (1 = B)ywmi(y) + doe™™Y,  vb (mi(y), 0) = ywm (y).

For a good parent, it follows from Proposition 1 that

T3 (1)
Vg v = / {089(1,1) — of(1,0)}g(2)d=

T3(1)

S
T / (08 (my(2), 09(2)) — v (m1(2), 0) }g(2)dz. (A.13)
)

Ty (1

We will examine the sign of the right hand side in (A.13) term by term. Con-
sider the first term. In equilibrium, a good kid chooses o§(z) = 1. This implies
that

vP(1,1) = (1 — B)yw + dae™ %Y > 099(1,0) = yw.

Since v9°(1,0) = ~w by definition, it holds that v$’(1,1) > v3°(1,0). Thus,
the first term is strictly positive. Consider the second term. A good kid plays
a mixed strategy 0 < o3(z) < 1 and thus he is indifferent between choosing
0 and 1. This implies that v3?(m(2),05(2)) = v§?(m(2),1) = v§?(m(2),0).

Clearly, v§(m1(2),0) = v’ (m1(2),0). Therefore, the second term is zero. In
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total, we have V5 > V.

For a bad parent, we have

T3 (1)
v = o) - oL DYl

T3 (1)

S
T / (ol (m1(2),0) = o¥9(my(2), 09(=)) g (=)=, (A.14)
(1)

73

Consider the first term of (A.14). In equilibrium, a bad kid chooses o5(2) = 0
and thus v%(1,0) > %(1,1). By definition, we have v{(1,1) = v¥(1,1).
Thus, the first term is strictly positive. Consider the second term of (A.14). A
good type kid plays a mixed strategy 0 < o3(z) < 1, and thus he is indifferent
between choosing 0 and 1. This implies that

v§(m1(2), 08 (2)) = (1 = B)ywm(z) + dae ™ = qum (2).
Since 05 < 65, it holds that

W(mi(2),08(2)) < o3(2){(1 — B)wmi(z) + dae %7} + (1 — 0§(2))ywmi(2)
= ywm(z)

= Ugb(ﬂl (Z)v 0)'

Therefore, the second term is strictly positive. In total, we have V@’ > VZbg .

Q.E.D.

Proof of Proposition 3.
Consider the dynamics (4.11). Since 0; + f;(n¢) is a probability for a kid to
become a “good” type, it must hold that

0+ filn) <1 forall 0<n<1. (A.15)

It is well known in the theory of dynamical systems that (4.11) has a unique
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stationary point which is globally stable if 0 < -** < 1 for every n;,_;. By
(4.11), we have

dnt . , dnt
dn. filne) +m1 f] (nt)dnt_l'
This gives

dny fi(ny)
= . A.16
dng_4 1— ntflfi/(nt) ( )

By (A.16), 0 < d”t < 1 is equivalent to that
fz(nt) + nt_lfi'(nt) < 1. (Al?)

(A.15) and (A.17) hold for sufficiently small gp. Putting n;_1 = n;, = n* in

(4.11), we obtain the stationary point n} = pof (4.11). Q.E.D.

1- f
Proof of Proposition 4.

Consider the equilibrium in Proposition 1 under enforcement. Players’ trust
and trustworthiness thresholds szp(m) are given by (5.13) and (5.14) where
. = 0, ng, 1 is the probability that a partner may cooperate. Emphasizing that
Té,(m) is a function of enforcement level p, we denote it as TV (my,p). It can
be shown that C,)%Tij (7, p) > 0 for every ¢ and j. The three level enforcements
p°, p', and p? are applied to matches in the ranges [0,4'], (v', %], and (32, 5],
respectively, where 3! belongs to a right-hand neighborhood of T¢(1) and 3>
to a right-hand neighborhood of 73§ (1).

Similarly to (4.9), the optimal effort of an investor parent is given by
T3 (n1,p?) L g
fife = [ (hwim) + (- m()p - o+ die hg()d:
T3 (1,p")

T3 (n1,p?) . .
= dl/ (e’glz — e’elz)g(z)dz. (A.18)

5 (1,p1)

Note that we take values p' and p* so that T35 (1,p') < y* < T§(ny,p*). The
investor parent’s effort does not depend on p°. With 6 < %, it can be shown

that g—f); > 0> g—[f)} since T3 (1,p') and T3 (ny, p*) are increasing functions of p!
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and p?, respectively. This proves the first part of the proposition.
Similarly to (4.10), the optimal effort of a receiver parent is given by

Ts(1,p') v
hlo = / (1= Byyw + doe ™ — (1 — Bpyw}g(2)dz

TS(1,p0)
TY(1,p")

- / {dae ™ — B(1 — p(=)) 1w} g(2)dz. (A.19)

TQb(lrpo)

We take values p° and p' so that T3 (1,p°) < y' < Ty (1,p') < y*. The receiver
parent’s effort f, does not depend on p?. Since T¢(1,p") and T¥(1,p') are
increasing functions of p° and p', respectively, it can be shown without much
difficulty that af r>0> af L 19 This proves the second part of the proposition.
Q.E.D.
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