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Abstract

The importance of social trust on economic growth has been suggested by many
empirical works. This paper formalizes the concept of social trust and studies its for-
mation process in a game theoretic setting. It provides plausible explanations for a
wide range of empirical and experimental findings. The main results of the paper are
as follows. Social trust in a game is determined by the distribution of players’ cooper-
ative tendency and specific game features. It induces cooperation even in one-period
prisoner’s dilemmas and strictly increases the total outputs. Cooperative tendency in
essence is a component of human capital distinct from cognitive ability. People may
choose to invest in appropriate cooperative tendencies to maximize their life-time util-
ity. The investment, however, is typically not efficient because its social returns are
always strictly larger than individual returns. Multiple equilibria exist so that social
trust levels are history dependent. However, the stable equilibrium with non-extreme
social trust level is unique when it exists. The model clarifies the roles of various forces
in affecting social trust. In particular, efficient disciplinary institutions such as legal
system increase social trust, but may crowd out the average cooperative tendency of
players. And investing in cooperative tendency may actually induce people to choose
higher cognitive abilities than otherwise. (JEL 713, J24)

1 Introduction

As Arrow (1972, p.357) has observed, “Virtually every commercial transaction has within

itself an element of trust, certainly any transaction conducted over a period of time. It can
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be plausibly argued that much of the economic backwardness in the world can be explained
by the lack of mutual confidence.” Arrow’s insight about the importance of social trust in
economic life has been confirmed by many recent empirical works. For example, the average
trusting level in a society, measured by TRUST based on the World Value Surveys, has
large positive effects on performance of various organizations (La Porta et al. 1997). It is
also significantly associated with economic growth (Knack and Keefer 1997).

Social trust as an important social phenomenon has been extensively studied by social
scientists (see for example Cook 2001). In recent years it attracts attention from economists
as one of the most important forms of social capital. Parallel to physical and human capital,
the term ‘social capital’ is created to represent the cooperative infrastructure of a society
(Coleman 1988, Putnam 1993, 1995). It often refers to features of social organization such
as networks, norms, and social trust that facilitate coordination and cooperation for mutual
benefit (Putnam 1995).

We initially aimed at studying the formation of social capital in a society. But more
thoughts on it suggest that social capital is an umbrella concept whose many manifesta-
tions substantially differ from and interact with each other. They share the same name
social capital because all of them belong to the not yet well-appreciated social forces that
constitute the cooperative infrastructure of our society, which does not mean that they are
qualitatively or analytically homogenous. Among the various forms, we find that social
trust best captures the essence of social capital. And rigorous studies of social trust may
be the key to help us thoroughly understand social capital.

This paper formalizes the concept of social trust and studies its formation in a society
using a game theoretic setting. A key insight is that one-period prisoner’s dilemma is the
ideal context to formalize social trust. Note that the concept of trust is vacuous without
the discrepancy between social and individual returns, since otherwise rational people can
always be ‘trusted’ to choose their optimal actions. And social trust is typically referred to
trust among strangers, rather than acquaintances that are involved in repeated interactions.

The paper shows that all trust related concepts can be built from a single analytical



element: cooperative tendency. People in general have heterogenous cooperative tendencies
(tastes for cooperation). Fix a one-period prisoner’s dilemma. Players with sufficiently
high (low) cooperative tendencies will always cooperate (defect), while those in the middle
behave reciprocally. A person’s trustworthiness in this game, defined as the probability that
he will cooperate in it, is characterized by his cooperative tendency. How much trust people
put in a specific person in this game is equal to his trustworthiness. The social trust in a
group is the expected trustworthiness of a typical member, determined by the distribution
of cooperative tendency in the group.

Across games, a person with a certain cooperative tendency may have different lev-
els of trustworthiness, while those with higher cooperative tendencies are in general more
trustworthy. Social trust also varies across games and decreases with defecting benefits.

The analysis shows that cooperation exists in one-period prisoner’s dilemmas if and only
if there is social trust among players. The total outputs strictly increase with the amount
of social trust. Since discrepancies between social and individual returns captured by pris-
oner’s dilemmas are quite common in our society, social trust can enhance organization
performance and overall economic growth.

A simple social trust formation model is developed where cooperative tendencies are
endogenized. Parents, taking as given the expected social trust in the society, may help
their children develop appropriate cooperative tendencies in order to maximize their lifetime
utility. Social returns to cooperative tendency investment are always strictly larger than
individual returns, implying that the equilibrium social trust is very likely to be inefficient.

In the benchmark case where individual returns of cooperative tendency are moderate
and quite similar among players, a negligible difference in initial beliefs may lead the econ-
omy to either ‘no trust’ or ‘full trust’ stable equilibrium. In contrast, when the returns are
diverse, there is only one stable equilibrium. Multiple equilibrium is also common in other
cases, while the stable equilibrium with non-extreme social trust level is unique when it
exists.

The model suggests that social trust in stable equilibrium can be improved by increas-



ing the efficiency of information structure, formal and informal disciplinary institutions,
and cooperative tendency development process. Dense social networks and mass media, by
facilitating information flowing, can increase the returns to cooperative tendency. Families,
communities, and schools are the main forces that affect the investing cost of cooperative
tendency in a society. Examples of disciplinary institutions are legal systems, monitor-
ing schemes, social networks, and social norms. When the efficiency of these institutions
increases, social trust goes up, but the average cooperative tendency of players goes down.

In an extension to the basic model, the investment in cooperative tendency, as a part
of a child’s social development, is optimally balanced against investment in child cognitive
development. These two kinds of investment compete with each other for limited resources.
On the other hand, however, both may improve individuals’ life-time incomes. In this sense
cooperative tendency is another component of human capital besides cognitive ability. We
find that, when the cost is low enough, investing in cooperative tendency may induce people
to choose higher cognitive abilities.

The paper contributes to the emerging social capital literature in several aspects. First,
it formalizes the concept of social trust and subjects it to rigorous analysis. It also studies
how social trust is formed in the society. This formalization may be helpful in the building
of a unified conceptual framework in which rigorous analysis of all forms of social capital can
be carried out. For example, the paper shows that social network and norms interact with
current social trust in promoting cooperation, and they affect the formation of future social
trust. On the other hand, as long as discrepancies between social and individual returns
are involved, social trust may also play a crucial role in the creation and maintenance of
these social capital forms.

Next, the paper accounts for many empirical and experimental findings about social
trust. For example, 1) social trust improves economic performance at various levels, 2) the
discrepancies between different measures of social trust are quite common; 3) the social
trust levels can be quite different in otherwise identical groups; 4) social trust is positively

associated with mass media, formal institutions, and dense social networks; 5) strangers



rationally cooperate in public goods experiments, and 6) they behave differently across
games, while the behaviors of the same person share some stable characteristics.!

Finally, the paper also yields a number of testable implications. For example, 1) there
exist strong positive externalities in cooperative tendency investment; 2) cooperative ten-
dency and cognitive ability may be complements or substitutes for different people; 3)
important links exist between people’s cooperative tendencies, education system, and social
trust; 4) careful choices of subjects and defecting benefits in experiments are crucial to get
unbiased estimates of social trust in a larger group.

An earlier attempt to study social capital formation is made by Glaeser, Laibson, and
Sacerdote (2000). The current paper differs from theirs in a couple of important aspects.
First, they bundle different forms of social capital together as a homogenous subject, while
we focus on social trust and clarifies its relationship with other forms. Second, they model
individual players’ investment decisions as isolated optimization problems, while we study
social trust formation as an equilibrium result to capture the important externality among
players.

Another related work is by Rob and Zemsky (2002). They study the effects of incentive
structures in affecting social trust at the firm level, assuming that employees’ cooperative
tendencies change mechanically. The current paper complements their work in that we
focus on individual optimal choices in cooperative tendency and study the formation of
social trust in a society.

The paper suggests a link between social trust and reputation literature. It shows that
the existence of social trust is a necessary condition for reputation effects to exist among
utility-maximizing players. In other words, the role of repeated interactions in promoting
cooperation is not generating new social trust, but increasing the effects of existing social
trust.? Furthermore, the formulation of cooperative tendency naturally derives some crucial

types of players in achieving cooperation that are typically assumed exogenously given (see,

'Detailed evidence is available from Knack and Keefer (1997), La Porta et al. (1997),
2Repeated interactions may generate emotional ties or altruistic feelings that also promote cooperation.

But this is another story other than social trust.



e.g. Kreps et al. 1982, Tirole 1996, Fehr and Gachter 2000).

This paper is also closely related to the human capital literature, where several recent
works provide evidence that non-cognitive skills, including incentive-enhancing preferences,
are important in determining individual earnings (Heckman 2000, Bowles et al. 2001). The
current paper is distinct from these works in that we adopt an aggregate approach and thus
detect the strong positive externality in the investment of cooperative tendency. It suggests
that investment inefficiency may be more severe for non-cognitive skills than for cognitive
ones.

The paper is organized as follows. In the next section cooperative tendency and social
trust are formally defined, their effects on individual and aggregate outputs are analyzed. A
simple social trust model is developed in section three, where players’ cooperative tendencies
are chosen (by their parents) to maximize their life time utility. The comparative statics and
their empirical implications in improving social trust are also discussed. The final section

presents conclusions.

2 The Formalization of Social Trust

There is a continuum of agents, indexed by ¢ € [0,1]. Agents are randomly paired to play

the following one-shot prisoners’ dilemma:

player j
C D
player ¢ | C (9,9) (=l,g+d)
D | (g+d,—1) (0,0)

where C' is cooperate or exert effort, D is defect or not exert effort, i, 5, € [0,1]. g, [, and d
are payoffs for players, where g and [ represent gain and loss, respectively, of cooperative

behavior, while d is for extra gain from defecting.



To make the game interesting to our purpose, we make the following two assumptions.?

d < 1, (1)

g+d—1 > 0. (2)

The first assumption is crucial to generate reciprocal behavior.* Together with the second

one, it guarantees that cooperative behavior always increases total outputs.®

2.1 Cooperative Tendency

The utility of player ¢+ matched with a partner j is

ui(Ag, Aj) = mi(Ai, 45) — aixp(Ai) ,
————— N —
game-specific player-specific
where A;, A; € {C, D} are the actions of player i and j, m;(A;, A;) is the material payoff
for player ¢ as shown in the above prisoner’s dilemma; o; € R is the disutility player i
incurs when defecting, and xp(A;) is an index function such that

1 ifA;, =D
xp(4i) = . '
0 ifA;,=C.
Note that «; actually measures player i’s taste for cooperation, or cooperative tendency.
It can be thought as an internal discipline against defecting, enabling its owner to coop-

erate in situations where cooperation is otherwise impossible.® Players have heterogenous

cooperative tendencies such that a; ~ F(-), where F(-) is a cdf.

3These assumptions are quite standard in the relevant literature (Kreps et al 1982, Rotemberg 1994,

Bar-Gill and Fershtman 2000).
4Note that d and [ represent a player’s marginal costs of cooperating when his partner cooperates and

defects, respectively. When a player ¢ plays C, his partner j gets g if playing C, g + d if playing D. The
difference of the two payoffs, d, is the marginal cost or net loss of j playing C' when 4 also plays C. Similar

arguments apply for [.
Both players exerting effort yields a higher payoff than only one doing so, which is true iff 29 > g+d—1 <

d < l. Furthermore, exerting effort unilaterally is better than no effort at all, which means g +d —1 > 0.
®This formulation of preferences is supported by the experimental finding that warm-glow effects are

highly significant in inducing cooperation in public good games (Palfrey and Prisbrey 1997). People are said
to be motivated by warm-glow effects if they derive utility from the very act of cooperating, independent
of the exact utility their cooperative behavior delivers to others. In this sense a; measures the warm-glow

motivation of player i.



Each player’s payoff from the game is thus composed of two parts: m;(A;, A;) is game-
specific and does not vary across players, while a;x p(A;) is player-specific and stable across
games. Accordingly, the payoffs associated with the same actions in the above prisoner’s
dilemma differ across players. To avoid confusion and be consistent with standard usage in
the literature, we call a game a prisoner’s dilemma if it is so for players with zero cooperative
tendency.

These two components correspond respectively to two different ways of inducing cooper-
ation in a prisoner’s dilemma. The conventional way is embedding the dilemma in a bigger
game to change its game-specific payoffs. For example, appropriate rewards and punishment
associated with repeated interactions can transform a stand-alone prisoner’s dilemma to a
new one where cooperation becomes a Nash equilibrium. The other way, which this paper
adopts, assumes non-standard utility functions where people care about things other than
material outputs (e.g. Rotemberg 1994, Bar-Gill and Fershtman 2000). As long as these
‘special’ preferences can be observed and/or intentionally developed in reality, this line of

research also yields insightful and refutable results.

2.2 Trustworthiness, Trust, Social Trust

Fix a game ~. Players with different cooperative tendencies can be categorized into three
possible behavioral types. We call a player the selfish type if he always defects, the selfless
type if he always cooperates, and the reciprocal type if he makes in-kind responses to his

7

partner’s action.” The latter two types are also called cooperative or non-selfish. The

proportions of these types, denoted by 7g, (selfless) and mg, (reciprocal), are determined
jointly by the distribution of cooperative tendency and specific game features.®

The trustworthiness of a player in game -y is the probability that he will cooperate in it.

Selfish players have zero trustworthiness since they will never cooperate, while the selfless

"Many experimental studies have found that between 40 and 66 percent of subjects exhibit reciprocal

behaviors, while between 20 and 30 act completely selfish (Fehr and Gachter 2000).
$Various types of cooperative players such as tit-for-tat (Kreps et al. 1982), reciprocal (Fehr and Gachter

2000), and selfless (Tirole 1996) ones are assumed exogenously given in the literature. All of them, however,

can be derived from our formulation of cooperative tendency.



ones have full trustworthiness. The trustworthiness of a reciprocal player is zero if matched
with a selfish partner, one if a cooperative partner.

How much trust a player has in his partner is equal to the latter’s trustworthiness. So
all players have full trust in a selfless partner, but no trust in a selfish one. A cooperative
player will trust a reciprocal partner, but a selfish one not.

The social trust in a group is the expected amount of trust one puts in a typical group
member. It is determined by the distribution of cooperative tendency F(-) and specific
game features. In game v, it can be characterized by the sufficient statistics (7ry,7g,), the

proportions of reciprocal and selfless players.

2.3 Social Trust in Various Games

In the following we study the levels of social trust and its effects on outputs in various

games. Specifically we will prove the following proposition.

Proposition 1 Fix the distribution of cooperative tendency in the population. i) Cooper-
ation exists in one-period prisoner’s dilemmas if and only if there is social trust among
players. The total outputs strictly increase with social trust. ii) Social trust varies across
games. It decreases with d or [ or both. i) In finitely repeated games, the existence of

reciprocal players is a necessary condition to generate reputation effects.

2.3.1 Omne-period Complete Information Game

Suppose cooperative tendencies are observed publicly. The one-period game between player

Ann with cooperative tendency a4 and player Mike with a;y is:

Mike
C D
Amn | C (9,9) (=l,9+d—oam)
D|(g+d—as, =) | (—oa—anm)

Claim 1 In the above one-period complete information game, i) players with cooperative
tendencies in the ranges [0,d), [d,1), and (I, +00) are of selfish, reciprocal, and selfless type,

respectively; ii) (C,C) is a Nash equilibrium if and only if both players are non-selfish.



Proof. i) In this game when Mike plays C, Ann will play C'if g > g+d—a4 < ag > d
holds, and she will play D otherwise. When Mike plays D, Ann will play C if a4 > [ and
play D otherwise. In summary, Ann’s best response is: always defect when a4 < d, always
cooperate when a4 > [, behave reciprocally otherwise. Since the game is symmetric, Mike
has the same best response function.

i) Now we prove that (C,C) is a Nash equilibrium if both players are non-selfish.
When two selfless players meet, they always cooperate so that the unique Nash equilibrium
is (C,C). When both players are reciprocal, (C,C') is again a Nash equilibrium since each
will play C if the other one plays C.” When a reciprocal player meets with a selfless one,
the only Nash equilibrium is also (C, C) since the selfless player always cooperates.

Finally we prove that if either of the two players is selfish, (C, C) is not a Nash equilib-
rium. This is trivial since a selfish player never plays C. m

Let mrc denote the proportion of the reciprocal type under complete information, and
mwsc the selfless type. By definition mre = Pr(d < o; <) = F(l) — F(d), 7s¢ = Pr(o; >
) =1— F(l). When players are randomly matched with each other, the social trust is 7s¢
from selfish players’ perspective, (mrc + msc) for non-selfish players. It is obvious to see
that mgo decreases with [, and (mrc + wg¢) decreases with d.

The expected material outputs for each type of players, msc (g + d) for selfish players,
(mre+msc)g for reciprocal players, and (mrc+7sc)g— (1 —mre —7msc)l for selfless players,
all strictly increase with social trust mgc or (mre + msc). So does the total output.

An alternative matching system is assortative matching where selfish players match with
each other and cooperative ones match among themselves. In this case, the social trust is
zero for selfish players, one for cooperative players, and the average social trust in the group
is (mg +mg). All non-selfish players produce output g, while all selfish ones zero. The total

output in this case, Q = g(7mr + 7g), strictly increases with the average social trust.

’Note that (D, D) is another Nash equilibrium when both players are reciprocal. However, each player
can unilaterally avoid (D, D) by always playing C since the partner is known to be reciprocal. So individual
utility maximization will essentially eliminate (D, D) and leaves the Pareto dominant (C,C) as the only NE

ever played between two reciprocal players.
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2.3.2 One-period Incomplete Information Game

Under incomplete information players’ cooperative tendencies are private information. Let
wrr and wgr respectively denote the proportion of reciprocal and selfless type under incom-
plete information. Let 7w denote the proportion of cooperative players in equilibrium, i.e.

T=TRI + TSI

Claim 2 In the one-period game under incomplete information, the Bayesian Nash equi-
librium is “all players with a; > wd + (1 — )l play C, others play D,” where 7 is uniquely

determined by the equation m+ F(mwd 4 (1 — m)l) = 1. Furthermore, % <0, %—7{ < 0.

Proof. In this game a player’s probability of matching with a cooperative partner is
believed to be . By playing C, player ¢ gets g if her partner is cooperative, —[ if her partner
is defecting. So her expected payoff from playing C is mg—(1—m)l. By playing D her expected
utility is 7(g+d—a;) — (1 —m)a;. She will play C it rg—(1—7)l > w(g+d—a;)— (1 —7)ay,
which is simplified to a; > wd + (1 — 7)l.

To guarantee that the belief 7 is consistent with players’ strategies, it must be true
that 7 = Pr(ey > wd+ (1 —7)l) =1 — F(nd + (1 — w)l). The RHS is continuous in 7
on the closed interval [0, 1]. It increases with 7 since % = (I = d)DF > 0. Furthermore
RHS(m=0)=1—-F(l) >0and RHS(rm =1) = 1—F(d) < 1, implying that (I—d)DF < 1.
So 7 is uniquely determined in the interval [1 — F'(1),1 — F'(d)] C [0, 1].

By the Implicit Function Theorem, % = —% <0, %—7 = —% <0. m

Let a denote the minimum cooperative tendency to become cooperative, then a= wd +
(1 = m)l. Claim 2 implies that under incomplete information, players with «; < « are of
selfish type, a; € [a,1) reciprocal, while those with «; > [ are again selfless. So we have
wsr=1—F(), nrr = F(l) — F(a).

Social trust in this game is characterized by m = wg; + mrr = 1 — F(), the proportion
of cooperative players. Since [ > o > d for all 7 € [0,1), we know 1 — F(I) < 1 — F(a) <

1—F(d), which implies that mgc < ™ < Tgc+mRrc. So compared with complete information,

social trust under incomplete information is lower for cooperative players, but higher for

11



selfish players.

The expected output for a selfish player, GM = 7(g + d), is higher than that of a
cooperative player, G{‘ = mg — (1 — 7)l. Both, however, strictly increase with social trust
m, so does the total output. Note that cooperative players get higher marginal benefit from

social trust than that of selfish ones.

2.3.3 T-period Incomplete Information Game

The above analysis has shown that in one-shot games, social trust improves outputs by
enabling non-selfish players to cooperate in an otherwise prisoner’s dilemma. Now we show
that in repeated games social trust can elicit cooperative behavior even from selfish players
through reputation effects.

To illustrate the important interaction between social trust and repeated games, we
characterize a sequential equilibrium in a finite T-period game under incomplete informa-
tion. Suppose players are randomly paired to play the above stage game for finite 7' > 2
periods. Each pair lasts T" periods after they are matched. Their actions are observed at
the end of each period. Let 5 € [0, 1] denote the time discount factor for all players. = and

wrr are defined the same as above.

Claim 3 In this T-period game, the following strategy profile and belief system is a sequen-

_d_

T The strategy profile is: (1) Selfless players

tial equilibrium if B > i d and TRy >

(gtd)mrr
always play C; (2) Reciprocal players play C first; play C if (C,C) is played in the previ-
ous period, play D otherwise. (3) Selfish players mimic reciprocal players until period T;
play D at period T. The belief system is: (1) In the first period and every period following
the history in which only (C,C') has been played, every player assigns probability m to his
partner non-selfish. (2) In all the following periods after the first time (C, D) is observed,
the player who has played D 1is believed to be selfish, the player who has played C is still

believed to be non-selfish with probability .

Proof. In the appendix. m
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In this equilibrium, all players are cooperating except in the last period where players’
behaviors are the same as in Claim 2. When we look at each period isolated, it seems that
repeated interactions promote ‘trust’ among players. But this cannot be reconciled with
players’ belief that the expected trustworthiness of their partners (and thus the social trust)
is always 7 on the equilibrium path.

Actually when there are no reciprocal players, the reputation effect vanishes and selfish
players will not cooperate anymore. So the true motivation for selfish players to cooperate is
the reputation effects, the scheme of rewards and punishments made available by repeated

interactions and social trust.19

In comparison, non-selfish types cooperate solely out of their
innate discipline, i.e. their cooperative tendencies.
Since many institutions, such as social networks and norms, involve repeated interac-

tions, this example illustrates the general relationship between them and social trust in

promoting cooperation.

2.4 Empirical Measures of Social Trust

There are survey-based and experiment-based measures of social trust. And the discrepan-
cies among them are quite common (Glaeser et al. 2000b, Burlando and Hey 1997, Weimann
1994). Now we use the concepts and results developed above to investigate these measures.

The trust question used in the World Values Survey is “Generally speaking, would you
say that most people can be trusted, or that you can’t be too careful in dealing with people?”
The percentage of respondents in each nation replying “most people can be trusted” is
the widely used trust indicator, TRUST. Under certain conditions, this indicator exactly
measures the social trust in a country.

In daily life we often randomly meet each other in some one-period prisoner’s dilemma

without knowing our partners’ individual cooperative tendencies. Suppose in a country C

10The reciprocal players here act in a similar way as tit-for-tat players in Kreps et al. (1982). However,
they are always rational utility- maximizers, while tit-for-tat players rigidly follow a certain behavior rule
regardless of its associated utility. So the formulation of cooperative tendency is more general than tit-for-tat

preference.
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the representative dilemma is v, and the proportion of cooperative players is 7. When
these people are asked the same trust question as in the World Values Survey, what is the
percentage replying “most people can be trusted”? It is m¢, since exactly m¢ proportion of
players meet a partner that can be trusted. So we get TRU ST = me.

In a public goods experiment 7y p, suppose the proportion of cooperative players (subjects
who make positive contributions) is 7wp. If the distribution of cooperative tendency among
the subjects participating vp is a random sample drawn from the whole population, and vp
is the same as v, then 7mp is an unbiased estimate of TRUST. Otherwise, discrepancies

among different measures of social trust arise.

3 Social Trust Formation

We have shown that social trust is crucial to induce cooperation in a society. This begs the
following important question: how social trust is formed? Though little about the social
psychological process of cooperative tendency development is known, social learning model
is suggested to be an appropriate proxy.!! For example, parents and teachers, acting as role
models and choosing appropriate home and school inputs, may deliberately teach children
to be more cooperative.12

Suppose parents are able to invest in their children positive cooperative tendency with
some costs. The question is, would they choose to do so in equilibrium? If so, what is the

equilibrium social trust level, is it optimal? How can we improve social trust? These issues

are addressed in this section.

3.1 The Basic Model

Each player lives two periods. The first period is the investment stage where each player’s

cooperative tendency is chosen (by their parents) to maximize his life-time utility, taking as

"See Cook (2001) and Cappelli (1995) for some evidence.
?Tndeed, children’s cognitive and social development are affected by home inputs (Huang 2002). And

parents do choose certain desirable traits to invest in children. For example, 77.2% of parents think that
“help others when they need help” is one of the three most important traits that their children should learn,
and 96.8% rank it among the top four (General Social Survey from 1986 to 1998).
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given the expected proportion of cooperative players II € [0, 1] in the population. Investing
in cooperative tendency incurs positive cost, and the cost is higher for players with higher
index. In particular, the cost function is c(c,i), where a € RT, i € [0,1]. We assume
c(0,1) =0, ¢cq >0,¢; >0, caa >0, cai > 0.

The second period is the production stage. With probability 1 — p, players’ cooperative
tendencies are private information and they randomly match each other to play the one-
period prisoner’s dilemma characterized by (g, d, ). With probability p, players’ cooperative
tendencies are publicly observed and they are free to choose their partners, playing a one-
period prisoner’s dilemma characterized by (G, D, L), where G > g and D > IId + (1 —II)l.

In this environment, players either do not invest at all in cooperative tendency, or if they
ever invest, their cooperative tendency will be equal to D, just enabling them to cooperate

in the complete information game.
Lemma 1 «o; = D iff a; > 0 for any player i.

Proof. Players with a > D will cooperate in both games and get utility pG+(1—p)[IIg—
(1—-1II){], independent of c. Since investing in « is costly, they will choose the lowest possible
level D. Players with o < IId + (1 — II)I will always defect and get (1 — p)II(g + d) — pa.
Their payoff is maximized when o = 0. Any cooperative tendency in the middle range will
make players worse off than otherwise. The reason is that these a will enable players to
cooperate in game (g,d,l) but not in (G, D, L), getting payoff (1 — p)[Ilg — (1 — I)I] — p«
that is always lower than those of the other two groups. m

Without much loss of generality, we assume D = IId + (1 — II)l. Let V(D, ) denote the

expected life-time utility for player ¢ when he becomes cooperative, and V' (0, 4) if otherwise.

V(D, i)

BpG + B(1 = p)[lg — (1 = 1D)I] — e(D, ),

V(0,i) = B(1—p)(g+d).

Let Vy(i,1II) represent the net return of investing in cooperative tendency v.s. remaining

15



selfish. Players will choose to invest if and only if V; > 0. By definition,

Va (i, II)

V(D,i)—V(0,1)

= BpG — B(1—p)[d+ (1 =) — (D, 7).

The following lemma says V(i,II) increases with the expected social trust IT and decreases

with a player’s index.

Lemma 2 M‘%E’Q<O,%ﬁﬁ>0.

Proof. Y40 — 51 — p)(i—d)+ep(l—d) = B(1 —p+ep)(l—d) >0

% =—¢<0. nm

The intuition is quite clear. A marginal increase in II not only improves the chance of
meeting a cooperative player, but also reduces the cost of investing in appropriate cooper-
ative tendency. Since cooperative players benefit more from both channels, the return of

being cooperative strictly increases with II. Vy(i,1I) decreases with players’ index because

the investing cost increases with index.

3.2 Positive Externalities

Suppose the social planner’s objective function is to maximize the sum of all players’ life-

time utility:

meﬂ:/‘V@@M+/ V(0,i)di,
4 i=0 i=iS

where 7 is the proportion of cooperative players, and i° is the highest index among them.

Then 7 = Pr(i < %) = %, since i is uniformly distributed on the interval [0, 1].13

Proposition 2 The social returns of investment in cooperative tendency are strictly larger

than individual returns.

Proof. Take the first derivative of social welfare V'(7) with respect to m, we get

av (P ev(Di) . Y av(0,9) . 5 5
T T [ T W) Vo)

- g - individual return for player i
externality on others due to 7 increase

13 A general distribution function also works.
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The social return is composed of two parts: the individual return for player ° who becomes
non-selfish, and the externality on all other players due to the marginal increase of w. The

externality is positive because all players benefit from social trust increase: % =

B(l—p)(g+1)+cp(l—d) >0, %7?#) = B(1 —p)(g +d) > 0. So the social return for any
player being non-selfish is always strictly bigger than his individual return. m
This proposition implies that the equilibrium social trust level is always strictly lower

than the socially optimal level, except when there is already full trust in equilibrium. Equiv-

alently, the investment in cooperative tendency is generally not efficient.*

3.3 The Equilibrium

Now we study the existence and properties of Nash Equilibrium (NE thereafter) at the
investment stage. Note that every NE can be characterized by a pair (Il = e, m = ¢e), where
7 is the actual proportion of non-selfish players, and e € [0,1].!> And the ‘no social trust’
equilibrium (IT = 0,7 = 0) always exists regardless of the underlying fundamentals.'

We partition the parameter space into four cases and characterize the corresponding
equilibria. We further consider these N FEs as steady states in a dynamic process to check

whether they are stable to small perturbations of IL.17

3.3.1 The Benchmark Case

In this case the net returns of investing in cooperative tendency are quite similar across
players, not too high or too low. Specifically, there exist Iy, II; € (0,1) such that player 0

is indifferent to investing or not when Il = Iy, and player 1 indifferent when II = II;. Thus

M Though it is very probable that everybody becoming cooperative is the social optimal solution, this may
not always be the case. For example, if the investing costs for some players are extremely high, say higher

than the positive externalities received by all other players, then it is better that they remain selfish.

" Given all other players’ strategies (summarized by II), player ¢ invests in « if and only if Vy(i,I) > 0.
No player wants to deviate from this choice when the expected social trust is exactly realized, i.e. when
=1L

The proof is trivial since there is no gain from being the only cooperative player.

1A dynamic process is like this. There are countable infinite generations of players denoted by

1,2,...,N,.... Each generation is identical. The expected social trust in every following generation is equal
to the realized social trust in its immediately previous generation. That is, IIxy4+1 = 7N, VN = 1,2, .... The

initial one, IIxy=1, is assumed exogenously given.
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the following two conditions

Va(0,Ip) = 0, (3)

Va(1,1I;) = 0, (4)
characterize the benchmark case.
Lemma 3 Il < II;.

Proof. By Lemma 2 0Vy(i,11)/0i < 0. So Vy(1,11y) < V4(0,1Iy) = 0. We also have
V4(1,111) = 0 by condition (4). Combining them we get V(1,11y) < Vy(1,1I1). But we know
OVy4(i,I1) /011 > 0 by Lemma 2, so IIp < II;. m

Lemma 4 i) The best response function is

0 if Il € [0, Ho]
B(H) = l*(H) if Il € [Ho,Hl] X
1 ifIle [,
where i*(11) is the unique solution to Vy(i(Il),II) = 0 for any II € [y, I1;].
it) B(II) is continuous, strictly increasing in II on [, I1;], and weakly increasing on

[0,1].

Proof. i) By Lemma 2, Vj;(i,1I) is continuous and strictly decreasing in i € [0, 1] for
any II. From Lemma 3 we know V;(0,1I) > 0 and V4(1,1I) < 0, for any II € [IIy, II;]. These
two conditions guarantee that for each IT € [IIp, IT;], there exists a unique i* = *(II) € [0, 1]
such that

Va(@*(I1),II) = 0.

This means that all players with lower index than ¢*(II) will choose to become cooperative
and others not, so that B(IT) = Pr(i < ¢*(II)). Since 4 is uniformly distributed on [0, 1], we
have B(IT) = ¢*(II).

Using similar arguments, it is trivial to show that B(II) = 0 for any II € [0, IIy], and
B(II) = 1 for any IT € [II, 1].
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i1) B(II) strictly increases in II on [IIp, II;] since

Oi*(I)  9Vu(i*,10) /011 0
oI oVy(i*,1)/9i* ~

It is then trivial to verify that B(II) is continuous and weakly increasing in IT on [0,1]. m

Since B(II) is continuous and strictly increasing in II on [Ilp,II;], and B(Ily) = 0,
B(I1;) = 1, there must exist at least one fixed point IT* € [IIy, IT;] such that i*(IT*) = I1*.18
When B(II) has monotone slopes on the interval [IIg, I1;], an assumption we will maintain
in this section, the NE (II = IT*, 7 = II*) is unique.'® It is easy to check that (II = 0,7 = 0)

and (IT = 1,7 = 1) are the other two NEs. See the following figure for illustration.
1

B(IT)

0 Io [T+ [T 1 I

Case I

If the initial belief is 5 lower than IT*, ultimately this economy will fall into the ‘no-trust’
trap (I = 0,7 = 0). On the contrary, if the initial belief is § higher than II*, the economy
will gradually reach ‘full trust’ state (Il = 1,7 = 1). These two corner N Es are stable with

respect to small perturbations. The interior NE (IT*, IT*) is unstable, happening only when

"8The exact number of fixed points on [IIp,II;] depends on the curvature of 5*(IT), which is difficult to
pindown in general. Note that 825'1*](21'[) = B(l*d)Q[(1*P+CC2D)”D76DDC1'] is positive if cpp = 0 or ¢(D,1) =
D? + Di.

19For example, when the best response function is linear, it must be ¢* (II) = all — b, where a = 1'[1+Ho
and b = leiono are determined by conditions (3) and (4). Note that the slope a is bigger than 1. Thus we
get " (II) = %’a. Let II} be the solution to ¢*(II}) = II}, then II} = ﬁoﬁ. Tt is trivial to check that
II; € [Io, I14].
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the initial belief is exactly II*. Thus we have proved the following proposition.

Proposition 3 Under conditions (3) and (4), there are three NEs: (0,0), (II*,II*), and
(1,1), where IT* € [IIy, IT;] C (0,1). Among them (0,0) and (1,1) are stable.

This case shows that a negligible € difference in initial beliefs can lead to two polar stable
equilibria. It may account for the existence of dramatically different performances between
two otherwise identical communities or organizations (Putnam 1993). The intuition is as
follows. Players’ investment costs in this case are quite tightly distributed in the middle
range, so that other people’s choices are relatively more important in affecting players’
investment decision than their idiosyncratic differences in cost. If they believe that enough
people (over the threshold IT*) plan to invest in cooperative tendency, then the expected
return is positive to everybody so that all will jump into the bandwagon, and vice versa. In
other words, nobody is different enough in their investing costs to avoid being swept away

by others’ choices.

3.3.2 Diverse Cost Case

In contrast to the benchmark case, players here have quite diverse costs. Some players have
costs so low that they want to invest in cooperative tendency no matter how few players, as
long as more than zero, are expected to do so. On the other hand, there are players whose
costs are so high that they choose not to invest even when everybody else is expected to do

so. This case is characterized by the following two conditions.

limp_o+ Vg(0,1I) > 0. (5)

Va(1,1) < 0. (6)

Condition (5) is equivalent to my > 0, where m¢ is defined by limp_,o+ Vg(¢*(I1),0) = 0
and 7o = limp_o+¢*(IT). Similarly, condition (6) can be written as m; < 1, where 7 is

determined by Vy(i*(1),1) = 0 and w1 = ¢*(1). These two conditions imply that, as long as

the expected social trust is positive, regardless of how close it might be to zero, there are
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mo players choosing to be cooperative; on the other hand, there are at most 71 cooperative

players when the expected social trust is one.

Proposition 4 Under conditions (5) and (6), there exist two NEs: (0,0) and (IT*,II*),
where IT* € (mo, 71). Only (IT*,11*) is stable.

Proof. Similar arguments as in the benchmark case lead to the best response function?’

0 ifIl=0
i*(IT) if I € (0,1]

Let IT* € (0, 1) denote the solution to the equation ¢*(IT*) = IT*, then IT* € (7, 71) because
B(Il — 0) = mp, B(Il = 1) = 71, and B(II) strictly increases in II € (0,1]. m

Here the interior NE (IT*,IT*) is the only focal point of the history, immune to random
events. The reason is contrary to the benchmark case. Here players are sufficiently different
in their investment costs so that the investment externality among players is less important
in affecting their choices. Since some players will never invest in cooperative tendency, so-

cial optimum is not achievable in equilibrium. See the following figure for illustration.

1 s

Lot

n B(I)

Case 11

20Suppose the linear best response function is i*(II) = Il 4 d. Then d = 7o, ¢+ d = 1. Let i*(II}) = II},
we get I} =

™0
14+mg—my°
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The following comparative statics suggest that long-run social trust increases with p, 8
and G, decreases with d and [. These results are also true in stable equilibrium at interior

points in other cases.
Proposition 5 0II* /0p > 0, 011* /0 > 0, 0IT* /0G > 0; OII*/0d < 0, OIT* /Ol < 0.

Proof. To prove 9II*/0p > 0, we show that the best response function B(II) is shifted
up by p for each IT € (0, 1], and 7 also increases with p. Accordingly, the intersection of
B(IT) with the 45° line, IT*, must also increase with p.

OB(I) 9 (1) 9Vy(i*,1)/dp  BIG +1d + (1 — )]
ap  Bp  OVy(ir,IN)/oi*  —Vy(i*,10) /i

> 0,
By definition of mg, we know

lzmHHO‘/d('L = To, H) = 5pG - /8(1 - p)l - C(l7 770) =0.

By Implicit Function Theorem, we get 88—7;0 = —ﬁ(f;—c—:l) > 0.
The other four comparative statics are proved in exactly the same way and thus relegated

to the appendix. m

3.3.3 Low Cost and High Cost Cases

Conditions (4) and (5) characterize the low cost case, where II; € [0,1]. Here even the
highest cost players invest in cooperative tendency when they believe enough people are
doing so. The final case is defined by conditions (3) and (6), where IIy € (0, 1]. In contrast
with the low cost case, here the investing cost is high for all players. See the following

figures for illustration.

Proposition 6 i) Under conditions (4) and (5), (1,1) always exists and is stable. It is
either the only equilibrium, or two other NFEs exist at interior points where the one with
lower social trust is stable.

ii) Under conditions (3) and (6), (0,0) always exists and is stable. It is either the only
equilibrium, or two NEs exist at interior points where the one with higher social trust is

stable.
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Proof. i) The sufficient condition for unique NFE is 9?B(II)/0II> < 0, or when
0?B(I1)/011% > 0 and II; < 7o both hold. i) A sufficient condition for unique NE is
0?B(I1) /01?2 > 0. Another one is 92B(I1)/0I1? < 0 and Iy < 1. The proof is otherwise

similar to the other two cases and thus omitted. ®

1
B(ID)
T
0
0 I 1 §|
Case II1
1 «
/ 19
B(ID)
T
Case IV
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Proposition 7 i) Full trust is achievable in stable NE when condition (4) is satisfied but
never so when (6) holds. i) ‘No trust’ equilibrium always exists. It is stable under condition
(8). iit) Multiple equilibrium is possible in all cases. However, among all NEs with social

trust levels in (0, 1), the stable one is unique.

The above proposition summarizes some common results of the above four cases. It
implies that high-cost players are crucial in achieving full trust, while low-cost players are
important in generating positive social trust. There exist multiple equilibria where up to
two of them are stable. However, there is only one stable equilibrium with 7 € (0,1). Our
discussions below thus focus on the unique stable equilibrium with non-extreme social trust

levels, where the comparative statics are given in Proposition 5.

3.4 Several Ways to Increase Social Trust

3.4.1 The Information Structure

In reality an individual’s trustworthiness sometimes can be assessed from reading his ap-
pearance, attitudes, and spontaneous responses. The accuracy of this encoding process
often increases with one’s sophistication, and decreases with the difference between part-

21 People’s cooperative tendencies are also revealed by their actions

ners in backgrounds.
in one-period prisoner’s dilemmas according to our results in the second section. Better
information flow through efficient mass communication and dense social networks helps fa-
cilitate the revelation of cooperative tendencies, since more information can be accumulated
about how to assess people’s trustworthiness in certain circumstances, and about particular
individuals’ behaviors in various one-period prisoner’s dilemmas.

In our simple social trust formation model the information structure in a society is
represented by p, the probability that individual cooperative tendencies are observed. The

model (Proposition 5) suggests that social trust in stable equilibrium increases with p. The

intuition is that, as the information flow becomes more efficient people have more chances

2Indeed, subjects paired with a partner of a different race or nationality are less cooperative in the public

goods experiments (Glaeser et al. 2000).
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to form cooperative relationships and get benefits, so that they are more willing to invest
in cooperative tendency.

This is consistent with the empirical evidence that social trust is positively correlated
with both daily newspaper circulation (0.73) and the number of radios per capita (0.53)
across 29 countries (Temple and Johnson 1998). They conclude that “an assessment of
mass communications, given the absence of other good measures, is probably the best way
of capturing variation in social trust across developing countries.” It is helpful to note that
social networks are quite dense in developing countries.

In developed countries the information structure is quite different. Mass communica-
tion is quite efficient everywhere due to the advancement in information technology, but
the density of social networks is weakened since high mobility rate increases background
variation in one’s acquaintances, making it more costly to build up social networks. This
latter force may have contributed to the steady decline of trust indicators in US (Putnam

1995).

3.4.2 Extrinsic incentives and intrinsic Discipline

Material payoffs in the prisoner’s dilemmas, such as d and [, represent extrinsic incentives
to defect. They are determined by institutions including the legal system, incentive schemes
in organizations, social networks, and social norms. The more effective these institutions in
punishing defecting behaviors, the lower d and I.

In contrast, cooperative tendency is an intrinsic discipline against defecting. The pro-
cess of developing cooperative tendency in children is primarily conducted at home and in
schools. The lower the investment cost, the higher people’s cooperative tendencies.??

Both extrinsic incentives and intrinsic discipline can affect people’s behaviors. To achieve
cooperation we can either improve the efficiency of institutions, or reducing the investing

cost of cooperative tendency, or both. How to allocate resources between them depends on

their relative costs. When cooperative tendency is endogenous, however, their relationship

22For example, children of poor family backgrounds who attended early intervention programs like Head-

start are more likely than others to adopt pro-social behaviors (Heckman 1999).
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is more complex than simple substitution.

Proposition 8 FEffective disciplinary institutions increase social trust in the context of

these institutions, but reduce the average cooperative tendency.

Proof. Effective disciplinary institutions reduce d and [, the extrinsic incentives to
defect. By Proposition 5 we know % < O,% < 0. That is, social trust in stable
equilibrium is higher when d and [ are lower. The average cooperative tendency «, however,

decreases with d and [ because

oo _, OIT*
- I+ (d—1) 94 > 0,
oo OIT*

= 1-I")+(d-1) > 0.

ol al
Note that the average cooperative tendency is equal to o= IT*d + (1 — II*)[. =

Here the outside discipline crowds out innate discipline in that effective disciplinary in-
stitutions reduce defecting benefits and thus the required cooperative tendencies to achieve
cooperation.? On the other hand, more people can afford the investment costs of lower co-
operative tendencies so that social trust is higher. In contrast, when disciplinary institutions
are less efficient, people have to invest in higher cooperative tendencies to achieve cooper-
ation. As a result fewer people are cooperative, but their average cooperative tendency is
higher.

An interesting implication is that, survey-based social trust measure such as TRUST is
higher in a country with effective disciplinary institutions, but experiment-based social trust
measure may be lower if the game has quite high defecting benefits. This may account for the
contradictory social trust ranking across countries using different measures. For example,
TRUST in UK (44.4) is much higher than that of Italy (26.3), and US (45.4) much higher
than Germany (29.8) (Knack and Keefer 1997). However, UK subjects “free-rode to a much
greater extent” than Italians in a public goods experiment (Burlando and Hey 1997), and

US subjects free-rode more than German ones (Weimann 1994).

?3See Bar-Gill and Fershtman (2000) for a similar situation.
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3.4.3 Other Elements

Many elements increase the benefits of investing in cooperative tendency, thus also improves
social trust. T'wo immediate examples are higher time preference 5 and longer living periods
to collect the returns, implying that more patient, younger people are more willing to invest
in cooperative tendency.

In the production stage, as the tenure of the established cooperative matches goes up,
cooperative players’ gain from complete information games becomes bigger. This has the
same positive effect on social trust as a larger G in our model. Thus social trust is higher
in a society where members of communities and organizations have longer tenures together.
For example, when the divorce rate is lower and families are more stable, the average
turnover rate within a firm is lower, people are encouraged to become home-owners rather
than tenants, the returns to being cooperative are higher. Shorter tenures in families,

communities, and firms may also contribute to the decline of social trust in the US.

3.5 An Extension with Human Capital

Cooperative tendency, as a trait invested in a person that yields returns to him/her in the
future, is essentially a component of human capital.?* Cognitive ability, the conventional
component of human capital denoted by h, directly enters a specific production function. In
contrast, cooperative tendency enables people to cooperate with each other, thus increases
producing opportunities for h. These two components together determine a person’s overall
productivity when other things are given.?” At investment stage, their relationship is the
same as that between child cognitive and social development.

Now we extend the basic social trust formation model to include cognitive ability. Since

24In the same spirit, some personal characteristics such as working attitude, self-discipline, motivation,
and time preference are treated as components of human capital in Becker (1996), Bowles and Gintis (1998),

Heckman (2000), and Bowles et al. (2001).
25 At the aggregate level, the distribution of cooperative tendency in the population forms the cooperative

infrastructure of a society, which determines social trust. Similarly the distribution of cognitive ability in
the society is its intellectual infrastructure, its importance in economic growth has been shown by Lucas
(1988) among others.
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almost all previous results carry over, we only discuss the differences and new findings. The

proof for the human capital version of Lemma 2 is in the appendix.

3.5.1 Human Capital Version of the Stage Game

Now we let the material payoffs of player i depend on his human capital (h?, a’). The game

v, the human capital version of the prisoner’s dilemma between players ¢ and j, is

Player j
C D
Player i | C g(ht), g(W) —1(hY), g(W)+d(h)) — o

D | g(h) +d(h?) —af, —I(h7) —of, —aod

The production functions g(-),d(-),(-) are increasing and concave in h, where d(h) <
I(h) and g(h) + d(h) — I(h) > 0 for all h, corresponding to assumptions (1) and (2). When
both players defect they produce the default amount which is again normalized to zero.
This implies that all outputs in this game are at relative level, indicating the importance of
cooperation in improving productivity.

Under complete information, player i is of selfish type iff o' < d(h?), selfless iff o' > I(h?),
reciprocal iff o € [d(h?),1(h?)). Under incomplete information, player i cooperates iff
a; > a(h', 1), where a(h?, 1) = Id(h?) + (1 — I)I(h?). Here again II denotes the expected
proportion of cooperative players in the population. These two results are direct extensions
of Claim 1 and 2, respectively. A new fact is that cooperative players now have different
cooperative tendencies that increase with their cognitive ability h, i.e. da(h?,II)/0h* > 0.
The rationale is that players with higher h are usually faced with greater temptation to

defect.

3.5.2 Human Capital Investment Model

This human capital investment model has the same timing and information structure as in
the basic model, except that now players have to choose (h, @) together. The cost function
is c¢(h,,i), where h,a € R*, i € [0,1], ¢(0,0,3) = 0, ¢, > 0, co > 0, ¢; > 0, cpp, > 0,

Caa > chai > 0.
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Let Vj(h) denote the expected life-time utility for player ¢ when he becomes cooperative,

and Vi, (h) if otherwise. We have

Vi(h) = BpG(h)+ B(1 — p)[lg(h) — (1 = )I(h)] — c(h, a(h,I1), 1),

Vig(h) = B(1—p)(g(h) +d(h)) — c(h,0,1).

Let hYyy = ha(Il,p, B8,4,k) and hY; = hp(I1,p, B,i, k) denote the solutions that maximize
Vi (h) and Vj,(h) respectively, where k represents all other parameters. Their existence and

relevant comparative statics are summarized in the following proposition.

Proposition 9 hf4 and h’M exist and are unique. h’M increases in Il and 3, but decreases in

p. hYy increases with p and (3. It increases with 11 if cpo(h, a(h,11),7) > 0 and d'(k) < U'(h).

Proof. See the Appendix.

This proposition suggests that a player will choose different levels of cognitive ability
f4 and hZM corresponding to his choices of cooperative tendency. A cooperative player’s
cognitive ability hf4 increases as the probability of complete information p goes up, while
the opposite is true for a selfish player. Cognitive ability of both types increases with time
discount factor 8 and expected social trust II.

To study the effects of investing in cooperative tendency on cognitive ability among

otherwise homogenous players, the marginal cost of investing in A is assumed to be the

same for all players, i.e. ¢p;(h, a,7) = 0. Meanwhile recall that cq;(h, a(h),i) > 0.

Proposition 10 i) For any given II, hf'A strictly decreases with i, while hZM = hyr across
all players. i) There exists a unique i(IL, p) € [0,1] such that h'y > has for all i <, while

hYy < har for alli > . i(Il,p) increases with p and I1.

Proof. See the appendix. m
Note that the optimal level of cognitive ability is affected by investing costs of both com-
ponents of human capital. Players will choose the same hj; if not investing in cooperative

tendency, since their marginal costs are the same. If players invest in cooperative tendency,

29



however, those with lower investment costs (i < 7) may choose higher cognitive ability than
har, and the opposite is true for high cost players ¢ > i. Therefore cognitive ability and
cooperative tendency complement each other for low cost players, but are substitutes for
high cost players. As p or II goes up, more people will enjoy complementariness between

these two components. See the following figure for illustration.
ha(0)

hai)

hw

Relation Between h’A and hps

4 Conclusions

Social trust is an important social phenomenon. It is also one of the most important forms
of social capital that attracts lot of academic and popular attention. The recent empirical
literature has shown that it facilitates economic performance at various levels. The formal
analysis of social trust, however, has been lagging behind primarily due to the lack of
operational concepts.

This paper formalizes the concept of trust, trustworthiness, and social trust, using a
single analytical element ‘cooperative tendency’. In a given game, people with different
levels of cooperative tendency have three types of behaviors: selfish, reciprocal, and selfless.
Across games, the same person may behave differently, while those with higher cooperative
tendencies are more likely to cooperate. These behavioral predictions are consistent with

the findings of many public goods experiments.
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The amount of social trust is determined by the distribution of cooperative tendency
among players and the specific game features. It thus varies across games and players,
which explains why there are discrepancies among survey-based trust indicator and social
trust measures in various public goods experiments.

The paper shows that cooperation in one-period prisoner’s dilemma exists if and only
if there is social trust among players. Higher cooperation level in finitely repeated games
is caused not by newly generated trust, but by reputation effects. And reputation effects
vanish when there is no social trust. The total outputs strictly increase with social trusts,
which accounts for the empirical findings that social trust improves economic performance
in organizations and at the overall level.

Since appropriate cooperative tendencies enable players to cooperate and produce more
outputs, players may want to invest in it to maximize their expected life-time earnings.
This investment, however, is in general not efficient because the social returns are always
strictly larger than individual returns. Thus social trust in equilibrium is usually lower
than the optimal level. Multiple equilibrium always exists, while the stable equilibrium
with non-extreme social trust is unique. The equilibrium social trust can be improved by
increasing the efficiency of information flowing, disciplinary institutions, and the process of
investing in cooperative tendency in a society.

The cooperative tendency is in essence a component of human capital, distinct from cog-
nitive ability. Both are costly to invest and can generate returns in the future. For example,
parents often have to optimally balance a child’s social and cognitive development. Under
certain conditions, however, these two components of human capital actually complement
each other. So investing in cooperative tendency creates a new margin to boost cognitive
ability development.

The social trust formation model clarifies the mechanism of various forces in improving
social trust. In particular, it shows that a society’s institutions, acting as outside disciplines,
increase equilibrium social trust level, but may crowd out individuals’ internal discipline.

In contrast, reducing the cost of investing in cooperative tendency at home and schools
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increases both social trust and the average cooperative tendency in the society.

In economics literature, much attention has been focused on outside disciplinary insti-
tutions, while the importance of using inside discipline to improve social trust is not well
appreciated. This bias is also prominent in many real life situations. For example, the
current policies regarding education and job training “...focus on cognitive skills ... to the
exclusion of social skills, self-discipline and a variety of non-cognitive skills that are known
to determine success in life” (Heckman 2000). Not coincidentally, firms often report shortage
in appropriate working habits and attitudes, suggesting a severe under-investment (Cappelli
1995).

There are many possible reasons suggested by the paper to account for these phenomena.
First, individuals lack appropriate incentives to develop cooperative tendencies due to strong
positive externalities (Proposition 2). Second, the investment cost is high. The process of
nurturing cooperative tendency starts from early childhood and continues almost to or
beyond adulthood, which involves a very long time. And the specific technology is not
well understood and mastered yet. Third, people may not fully recognize the importance of
cooperative tendency to individual and total outputs.?® More empirical works are obviously
needed to estimate the effects of these forces.

The paper suggests that resources should be allocated optimally between outside institu-
tions and cooperative tendency, taking into consideration the dynamic interactions between
them. For example, how many policemen are placed in the parks to punish littering is
often affected by how many resources parents and teachers spend in teaching children not
littering even when nobody is around, and vice versa. To rigorously address this problem,
we need to endogenize both institutions and cooperative tendency, which is left for future

research.

26 An anecdote may illuminate people’s view on this. Jack Welch, the former CEO of GE, recalls in
his autobiography that expenditures (on meeting places and treadmills), aimed at encouraging informal

socialization among employees across different departments, were strongly criticized as wasting money.
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Appendix:
e Proof for Claim 3.

Proof. We first prove that given the above specified belief system, non-selfish players
cannot do better by deviation. (1) In period 7' following the history that only (C,C) has
been played in all previous T — 1 periods, a player assigns probability = to his partner
being non-selfish. In this case the last period game is the same as the above incomplete
information one-shot game, where non-selfish players would play C according to Claim 2.
(2) At any period t < T following the history in which only (C,C) has been played, given
his partner playing C' according to the specified equilibrium strategy, a non-selfish player
strictly prefers to play C since C' dominates D due to o > d. So non-selfish players will
not deviate from the equilibrium strategy specified above by the assumption that they have
a; > md+ (1 —m)l. If D is played by his partner, then a selfless player would still play his
dominant strategy C, while reciprocal players would play D since (D, D) is a NE.

Next we prove that selfish players cannot do better by deviation if § > ﬁ given the

specified belief system. At period T, playing D is selfish players’ dominant strategy, so he
will not deviate. Suppose he deviates at some period ¢t < T by playing D. But then his
selfish type is revealed because of the belief system. According to the equilibrium strategies,
if his partner is not selfless, (D, D) is played in the left periods after ¢; only when his partner
is selfless, (C, D) is played. Denote the proportion of selfless players by mg = Pr(a; > I).
The deviation payoff for a selfish player from period t until T is

(g+ad)B "+ (g+d) (B + B + ..+ BT D)7

By not deviating he can get

1— BTftJrl
1-p

The non-deviation condition at period t for a selfish player is

(g+d)B T+ (g+d)(B + B+ + BT s <gB T + g8 + .+ g8 P+ (g + d)mBT!

9B+ gB g8 TP (g )BT =g +dnpt L

_ qT—i—1
=g+ dma T b g+ ) —ms)sT >
The LHS’s partial derivation with respect to ¢ is
T—t 1
T = =gt sl — g+ Dl - me)pT
8" 'Ing g
- (9+d)[ﬂ—m—( —7s)p]
It is negative if
52 (n - )/ (= ms) (7)

That is, if players are patient enough, they would wait until later to deviate, since deviation
becomes more attractive as time goes by. In other words, if a selfish players do not want
to deviate at period T — 1, then they will not deviate at any time earlier. Non-deviation at
period T'— 1 means

(g+d)BT 2+ (g+ ) trs < g8 P+ (g+d)ympT !
= d<(9+d)(mr—m7g)b
d

(g +d)(m—ms)

= [>

35



It is easy to check that condition (7) is implied by condition (8) because m < 1. So
that the condition (8) guarantees that selfish players will not want to deviate at any time.

To make sure that there is such S, m must be smaller than 1, which implies that
_d_

m™T—Ts > -

We hage proved that the above specified strategy profile is sequentially rational w.r.t.
the belief system. Now we show that the belief system is fully consistent given the strategy
profile. In the first period, the probability that a player is non-selfish is equal to 7 since
the match is random. In any period after the history that only (C,C) is played, the initial
belief is still maintained because the two types of players cannot be distinguished from each
other. If in some period (C, D) is observed, the player who plays D must be selfish since D
is never a best response for a non-selfish player when his partner plays C. So the player who
does not play D must update his belief about his partner’s probability of being non-selfish
from 7 to 0. While the probability of the player who plays C in (C, D) being non-selfish is
still m because both types could do so according to the equilibrium strategy profile. m

e Proof for Proposition 5.

Proof. Given any II € [IIy, I1;], by implicit function theorem, we get from the equation
Vy(i*,11) = B[pG — (1 — p)(Ild 4 (1 — I)I)] — ¢(D,i*) = 0 that

OB _ 9(M) _ 9Vy(i*, IN/0d _ —(B(1—p) +ep)I _
od  od  OVy(i+,II)/oix  —0Vy(i*,11)/0i* ’
oBn) _ oi*(l) _ OVe(@*,1I)/ol  —(B(1 —p)+cp)(1 —1I) <0
o ol oVy(+, 1) /o —OVy(i*,11)/0i* ’
OB(I) _ o) _ oVe(*, /05 _ pG — (L—p)(ld+ (1 -] _
o 0B OVy(ix,I)/0ix —OVy(i*,11) / 9i* ’
OB(I)  9*(I)  9Vy(i*,1)/0G Bp =0
oG 0G  OVy(ix,I)/oix  —OVy(i*,11)/9i* ~

Again by implicit function theorem, we get from limy_oVy(i = mo, 1) = pG — 5(1 —
p)l — c(l,mp) = 0 the following results

omo

oo
% _ _—5(1:61;)—Cz<0,
%_7;0 _ _pG—_(;—p)l>O’

e Proof for Proposition 8.

Proof. (1) The Existence of Unique Solutions h%y and hf,.
The objective functions are

Vi(h) = B(1-p)[lg(h) — (1~ I)U(R)] + BpG(h) — c(h, a(h,11), 1),
Vig(h) = B —p)g(h) + d(h)] - c(h, 0,7).

36



The FOC of VX/[ for an interior solution is,

V(W) = B(1 = p)II[g (h) + d'(h)] = e (h,0,7) = 0 9)

Since ¢”(h) < 0, d”(h) < 0, and cpp(h, a,i) > 0, we know that [Vi;(h)]' is a decreasing
function of h. If we assume that

. N . ’
}llli% Ch(h7 O,Z) =0, }Llir[l)g (h‘) >0, (Al)

we get limp,_o V{7 (h,0) > 0. So there is a unique solution k%, = hp(IL,p, 8,T,i,k) > 0
such that V}}(hY,) = 0, where k represents all other parameters.
The FOC of Vf‘ for an interior solution is,

dc(h, a(h,II))

V(b)) = B(1 = p)[Ilg'(h) — (1 = IV (A)] + BpG'(h) — o

=0. (10)
The second derivative of value function Vi(h) w.r.t. to h is

2C «
V()" = B(1 — p)[Ig" (k) — (1 — I"(h)] + BpG"(h) — Lz 1D)

Oh? ’
where
W = cp(h, o, 10), ) 4 co(h, (b, I0), ) up, (B, T1),
d%c(h, a(h,11), 11
C( Oé(hQ ) ) = Chh T (Cha + Cah)ah(h’a H) + Caa(ah(h, H))2 + Caahh(h, H)

A sufficient condition to enable the second order condition to hold is

Peh,a(h,10),10) _ (A2)

I”(h) =0, and 2 >

To guarantee a non-negative solution, we have to assume that [V4(h = 0)]' > 0, which
requires the boundary condition

lim oc(h, a(h,II))

70 oh =0, lim[BpG'(h) + B(1 = p)(IL(g'(h) + I'(R)) = I'(W))] > 0, (AL

Under these two conditions, we can get a unique solution h%yy = ha(II,p, 3, T, i, k) such that
Vi(nYy) = 0.

(2) Comparative Statics for kY and hps w.r.t. II for any i € [0, 1].

By Implicit Function Theorem,

Oh W] TV s g )+ a2

oh 82V (h)] B[V (h , , c(h, a(h,T0),1). 82V (h
My T TVART _ 51 (/) + ) - 20T, 0y DTG
if

dc(h, a(h, 1), 1)
<
Oholl =0, (11)
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where

dc(h,a(h, 1)) Olen(h a(h,11), ) + ca(h alh, 1), o, (b, 1D)]
Dol oIl
= [eha(h, a(h, 11),0) + caa(h, b, IT), 0)ap (h, ID)](d(R) — I(R))
tea(h, a(hT0), i) (d () — I'(R)).

A sufficient condition for (11) to hold is

cha(h, a(h, T1), 1) > 0,d'(h) < U'(h). (A3)

(3) Comparative Statics for h%; and hys for any i € [0,1] w.r.t. p

Oy V() PV

ap OpOh onz 7

ony __O°Vi(h) P[Va(h)] : : 1oy VAR

- T STAN e - g0+ 0 - ) A > o

(4) Comparative Statics for kY and hy for any i € [0,1] w.r.t. 8
Oha Vi) Vi) _ V()
Ohly _ _O?Vi(h) PVi(h) _ / : : 0*Vi(h)
T - AT (- g () - (- IR+ G pl s > o

since II(1 — p)(¢'(h) + I'(h)) + pG'(k) — I'(h) > 0 at kY, by condition (10). m
e Proof for Proposition 9.

Proof. (1) The Relation Between hZM and hg\/[, th and hi‘ for any i, j, € [0, 1]
Since [V, (h)] = 0 by condition (9), we can use the Implicit Function Theorem and get

Ohy  _ _G[V&(h)]//a[vﬁz(h)]’
i 01 oh
_ 8ch<h707 7’)/_62‘/]%4(17“) = 0
ot Oh? <7
iff dcpi(h,0,i) = 0
Similarly from [Vi(h)]’ = 0 we get
ony _3[Vfi(h)]’/3[vﬁi(h)]'
i 0i oh
_ 9%c(h,a(h,11),1) ,0*V}(h) =
Ohoi on? <7

0?c(h, a(h,II),14)
O0hoi

Under the following assumption,

iff

= cpi(h, a(h, 1)) + cai(h, (b, II), )y (h, I1) § 0.

cni(h,0,1) =0, cpi(hiy, a(hiy,I),i) = 0, cai(h,a(h),i) > 0, (A4)
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we get that hi, = hyy for any i € [0, 1], and hi, > h‘il for any i < j, where 1, , € [0, 1].
(2) The Relation Between h?, and hyy for any i € [0, 1]
We know that [V4(h%)] = 0 and [V} (h%)]” < 0. If we can show that [V} (has)]
then hi, % has is proved. By condition (9), [Vi;(h)]' = 0. It implies that

AV
L

—BIL(1 — p)[¢'(har) + d' (har)] + cn(har, 0,7) = 0.

Add this zero term to [Vi(har)], we get

Vi(har)] = BpG'(har) — B(1 = p)[IId (har) + (1 — IV (ha)]

A(IT)
—[8C<h]\/[, a(hM, H), 2)/8hM - Ch(hM, 0, Z)] .
B(1,IT)
= A(I) - B(,10). (12)

The first term A(II) is the same for all players. The extra cost of investing in a positive
« for player ¢, B(i,1I), increases with players’ index by assumption (?7?):

% - Cai(hM’a(hMan)ai)ah(hMyn) > 0.

If the boundary condition [V (has)) > 0 > [Vi(har)]’ holds given II and p, i.e. if
B(1,T1) > A(IT) > B(0,11). (45)

then there must exist a unique (II, p) € [0, 1] such that

[Vi(han))' = A(IT) — B, T1) = 0. (13)
See figure below for illustration.
ha(o)
S had)
B(i, I1
A(IT) e
hu - SNy
0 — 1

39



This condition means that for player 4, his optimal choice hf4 is equal to hps. In other
words, the benefit of being non-selfish is equal to the cost of investing in appropriate co-
operative tendency so that his productive ability choice is not affected at all. Then for all
i <1, we have [Vi(har)] > 0 < hYy > hyy; for all i >4, [Vi(hy)) < 0 <= hYy < hy. If
A(II) > B(1,1I), then hYy > hyy for all i; on the other hand, if A(II) < B(0,1I), the opposite
is true.

Now we check the sign of based on equation (13).

di(I,p) _ _8VA'(hM) /ORI _ OV (har) /0RO ~0
o1l OVi(har)/Ohi  cailhar, a(har, IT), §)a (hag, IT)
by condition (A4). Similarly, we get that
0i(ILp) _ OVj(har)/Ohdp _ B*G'(hw) >0
ap OVi(har)/0hdi — cai(har, (b, I1), D)o (hag 1) ©

QED. m
e Proof for Lemma 2 (Human Capital Version).
Proof. The derivative of Vy(i,II) with respect to 7 is
OVa(i, 1) OV4(hYy) — OV} (har)
01 01
= —[ei(hly, a(hiy, 10),4) — ¢;(har, 0,4)] <0,
by assumption (A4). The second equality holds according to the Envelope Theorem, since

both VA(hi ) and Vi (h%,) are maximized value functions. The effects of II and 4 on abilities

Yy and hf, have already been taken into consideration through the maximization process,
and thus have no further power on the difference between the two optimal value functions.

Now we prove dVd(Z 1D > 0. The derivative of Va(i,II) with respect to II is
OV (i, IT) _ 8VA(hf4) — Vi (har)
= B —=p)lg(hia) + (k) — g(har) = d(har)] + ca(Piy, a(hiy, 1), §)[I(Rly) — d(Ry)]-
It is obvious that %l-ifn) > 0 when hf4 > has, which is true for low index players. If we
can show that % reaches its infimum at the lowest index ¢ = 0, then % > 0 for
all players. Indeed this is the case since % > 0.
2V, (i) _ 02Vy(iIT) _ —dles(hiy,a(hiy I1) i) —ci(hag 0,0 - - . , , Oh!
g = Ty = ~CetheChpaeanll — o (b, a(hiy, 1), ){U(Ky) - d(hy) + on G|+
>0
because ciq(h, a(h,1I),7) > 0, %}i:[“ >0
i i . Oh! Ohnr
Cih(hA7 a( A?H)vz)a—l—? - Cz'h( 0, 'L) oIl
=0
because ¢;p,(h,0,7) =0
The intuition behind dgﬁi%m > 0 is that the high cost players get more benefit from

the reduced a(h’;,II) due to a higher II. m
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