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ABSTRACT OF THE DISSERTATION
Essays on Microeconomic Theory
by
Geyu Yang
Doctor of Philosophy in Economics
Washington University in St. Louis, 2019

Professor Brian Rogers, Chair

This dissertation consists of three chapters on topics in microeconomic theory. In Chapter 1,
I study reputation effects under uncertain monitoring. I examine a repeated game between
a long-run player and a series of short-run opponents. The long-run player can either be
a strategic type or a commitment type that plays the same action in every period. The
modeling innovation is that the short-run player is unsure about the monitoring structure.
The uncertainty about the monitoring structure introduces new challenges to reputation
building because there may not be a direct relationship between the distribution of signals
and the long-run player’s strategy. Thus the long- run player may not have the ability to
establish a reputation for commitment. I show that, when the short-run players cannot sta-
tistically distinguish commitment action from a bad action, the standard reputation results
break down. I also provide sufficient conditions under which reputation effects on long-run
player’s payoffs can be extended to the current framework. When the commitment payoft
is the highest payoff he can get, the conditions can be relaxed. In Chapter 2, I study a
bounded rationality model of opinion formation in which there are two different types of

agents: naive agents and sophisticated agents. All agents update their opinions by taking
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weighted averages of neighbors’ opinions. Naive agents truthfully report their opinions, but
sophisticated agents can strategically report opinions to manipulate naive agents. I show
that the limiting opinions are completely determined by sophisticated agents’ biases and
the structure of the network and that, generically, there is no consensus. I analyze how
disagreement is affected by the intensity of lying cost, diverging interests, and the structure
of the social network. I also show that naive agents do not have any social influence and
sophisticated agents’ social influence can be decomposed into two separate factors: direct
influence and indirect influence. In Chapter 3, which is co-authored with Pinar Yildirim, we
investigate the impact of informal lending on the types and terms of contracts offered by
formal banks, considering factors that facilitate informal lending activity such as social ties
among consumers. The density of the connections among consumers represents the degree
to which those with and without wealth mix, indirectly capturing the degree of inequality
in a society. We develop a model which relates the density of social connections to the
availability of informal lending activity. We show that a low to moderate degree of informal
activity in a market can help poor entrepreneurs because it motivates the bank to compete
by cutting down the interest rate of unsecured loans offered to these consumers. In turn,
the bank faces an overinvestment problem when financial inclusion is higher. As informal
borrowing opportunities increase further, the bank’s benefit from increased access to credit
di- minishes. It earns higher rents by increasing the rates on wealthy low-risk consumers who
can informally lend to their social contacts. As a consequence, the overinvestment problem
is replaced by an underinvestment problem, and creditworthy entrepreneurs are deprived
of loans from the bank. We argue that although the entrepreneurial investment shrinks,
only those projects with the best return are awarded financing, implying that the average

X



investment in the market is now more attractive.



Chapter 1: Robustness of Reputation Effects under Un-

certain Monitoring

1.1 Introduction

It has long been recognized that reputation is an important dimension of long-run relation-
ships. In the canonical reputation model (e.g., Fudenberg and Levine 1989, 1992; Gossner
2011), a long-run player (Player 1, he) faces a sequence of short-run players (Player 2, she).
There is incomplete information about the type of the long-run player. He can either be
of a simple commitment type who plays a fixed (possibly mixed) action at every period or
of a normal type who acts strategically. The introduction of incomplete information affects
dramatically the equilibrium payoffs and behaviors in the game because the long-run player
has the option to build a reputation of commitment by mimicking the commitment type.
The differences between the equilibria in the games of incomplete and complete information
are known as the “reputations effects”.

In this paper, the reputation effect I focus on is the lower bound of the equilibrium
payoffs to the normal type long-run player . In the canonical reputation model, when the
long-run player is sufficiently patient, he can be assured of at least a payoff arbitrarily close
to his commitment payoff at every equilibrium. Intuitively, normal type Player 1 can always
deviate to mimic the commitment type player. Eventually, he can build a reputation for
always playing the commitment action. Therefore, Player 2 eventually plays a best response
to it, and Player 1 can obtain the commitment payoff. This reputation effect applies even

when Player 2 can only observe some signals generated by Player 1’s actions instead of his



actions.

Despite the vast literature on reputation effects, the studies in this area all focus on the
case in which the monitoring structure is common knowledge. In some cases, this assumption
may seem too strong. Consider the following example. An individual is planning a trip to
a new city and want to book a hotel. Before doing so, he/she may read the reviews on Tri-
pAdvisor or Expedia. The assumption that the monitoring structure is common knowledge
means that consumers know the exact probability of a good review given that the hotel tries
to provide good service.

However, there are two issues here. First, numerous studies have documented the ex-
istence of fake reviews (e.g., Luca and Zervas 2016; Mayzlin et al. 2014). Mayzlin et al.
(2014) examine differences in the reviews posted on TripAdvisor and Expedia for different
types of hotels and show that different types of hotels have different incentives to create
fake reviews. Therefore, two hotels with very different qualities may have the same review
score. Second, different people may have different tastes. Even if the reviews are good and
accurate, it does not necessarily mean that the individual will like it. As a result, consumers
cannot accurately monitor the actions of the hotels; they may still know that, when the hotel
exerts high effort, the outcomes are more likely to be good but nothing more. Then it is
much harder for the hotels to build a good reputation. In this situation, does the hotel still
try to build a good reputation? Are reputation effects still robust in the presence of this
uncertainty?

This paper addresses these questions. I study a repeated game of incomplete information
between a long-run player (Player 1, he) and an infinite sequence of short-run players (Player
2, she). Player 1 is either a normal type who maximizes his discounted payoff or is committed

2



to playing a fixed action at every stage of the game. Player 2 observes only past signals and
updates her belief. The key modeling innovation is that there is incomplete information
about the monitoring structure. Formally, at the beginning of the game, a state of the
world is realized. The state consists of two parts: the type of Player 1 and the monitoring
structure. A monitoring structure is a mapping from the set of Player 1’s action to the set
of distributions of signals. Only Player 1 knows the true state. Player 2 has a prior belief
about the state. I assume that the prior belief distribution has full support. To focus on the
uncertainty about monitoring structure, I assume that there is only one commitment type.
I relax this assumption in Section 1.4.

One new challenge introduced by uncertain monitoring is that Player 2’s prediction of
the distribution of signals is no longer directly linked to her prediction of Player 1’s strategy.
Then even if we show that with high probability, Player 2’s prediction of the distribution of
signals is almost correct in most periods, we still know little about her prediction of Player
1’s strategy, not to mention her strategy.

I focus on the case in which the set of monitoring structures is finite, while an infinite set
is discussed in Section 1.5. T first provide sufficient conditions under which the reputation
effects on Player 1’s payoffs can be extended to the current framework. A key step is to
introduce the set of all the “well-behaved” monitoring structures with respect to the realized
monitoring structure. The commitment strategy under the realized monitoring structure
generates a certain distribution of signals. I call a monitoring structure “well-behaved” if it
satisfies the following: for any strategy under this monitoring structure that can generate
the same distribution, Player 2’s best response to it is the same as her best response to

the commitment action. In Theorem 1.1 and Proposition 1.1, I show that if all monitoring



structures are “well-behaved” or if Player 2’s prior belief about Player 1 being normal and
the monitoring structure not “well-behaved” is sufficiently small, then normal type Player 1
can still be assured of his commitment payoff. The assumptions may seem restrictive, but
I give an example to show that they actually cover most cases. I also examine the case in
which the commitment payoff is the highest payoff Player 1 can get from the stage game.
I show in Proposition 1.2 that if for any monitoring structure, all monitoring structures
with higher subscripts are “well-behaved” then normal type Player 1 under all monitoring
structures can be assured of his commitment payoff. The conditions are significantly more
mild than the conditions in Proposition 1.1, especially for monitoring structures with large
subscripts. I give an example to show that this proposition is extremely useful when the
cardinality of the set of Player 1’s actions is two.

I then provide sufficient conditions for the existence of “bad” equilibria in which the
payoft of Player 1 is strictly lower than the commitment payoff. In Proposition 1.3, I show
that if there is a “bad” equilibrium of complete information stage game, and Player 2 cannot
statistically distinguish commitment strategy from the “bad” strategy forming the “bad”
equilibrium, then there exists a Bayes Nash equilibrium (BNE) in which Player 1’s payoff
in the equilibrium is strictly lower than the commitment payoff. The intuition is as follows.
Suppose normal type Player 1 always plays the “bad” strategy under all monitoring struc-
tures. Because Player 2 cannot statistically distinguish it from the commitment strategy,
Player 2’s posterior belief about Player 1 being normal is bounded by her prior belief. Then
if Player 2’s prior belief about Player 1 being normal is sufficiently strong, no matter the his-
tory, she always chooses a best response to the “bad” strategy, so Player 1’s payoff is strictly
lower than his commitment payoff. When the “bad” equilibrium is a mixed-strategy Nash

4



equilibrium, reputation building may fail under different conditions, as shown in Proposi-
tion 1.4. The intuition is similar. The difference is that the normal type Player 1 can play
different strategies under different monitoring structures. I give an example to show that
Proposition 1.4 may relax dramatically the requirements on monitoring structures in Propo-
sition 1.3, and in some cases the conditions in Proposition 1.4 are (almost) sufficient and
necessary.

I next examine the case in which there is more than one commitment type. In Proposition
1.5, I show that if Player 2 can statistically distinguish different commitment strategies then
the main results can be extended. The intuition is as follows. Suppose Player 1 deviates to
mimic one of the commitment types. With high probability, Player 2 can learn eventually
that Player 1 is either the normal type or the commitment type that he is mimicking.
Therefore, introducing other commitment types does not affect Player 2’s strategy and also
does not affect Player 1’s payoff.

Finally, I investigate the case in which the set of monitoring structures is a continuum.
The model becomes much more complicated, so I focus on the “product-choice” game. There
are only two actions and the commitment strategy is pure. Negative results can be extended
easily. In contrast, positive results are much harder to extend because the proofs rely on the
assumption that the set of monitoring structures is finite. I can only prove a weaker version
here.

My paper relates to an extensive literature on the adverse selection approach to rep-
utation effects. The idea was introduced by Kreps and Wilson (1982) and Milgrom and
Roberts (1982) in the context of finitely repeated games. Fudenberg and Levine (1989,

1992) discussed reputation effects in infinitely repeated games. They showed that a sufhi-



ciently patient long-run player can obtain a payoff that is at least as much as the payoff he
could obtain by committing publicly to playing any of the commitment strategies. Gossner
(2011) introduced entropy techniques to this literature and greatly simplified the proof of
the above.

Some interesting variations of the canonical reputation model have been studied. Wise-
man (2008) and Ekmekci et al. (2012) studied models with unobservable stochastic re-
placements for the long-run player and showed that the long-run player could establish a
reputation for commitment. Mailath and Samuelson (2001) studied a similar model, but
they focused on a different kind of reputation. They provide conditions under which the
long-run player could establish a reputation for not being the commitment type.

Liu (2011) investigated a model in which short-run players must pay a cost to observe
past signals. Liu and Skrzypacz (2014) discussed the case in which short-run players have
limited records. They both focus on the reputation dynamics instead of payoffs.

Jehiel and Samuelson (2012) studied a model of boundedly rational short-run players.
They provided a characterization of both equilibrium payoffs and equilibrium behavior. They
showed that the payoff bound for the rational long-run player can be strictly larger than the
commitment payoff.

Pei (2018) investigated a model in which Player 1 has persistent private information that
matters for Player 2’s payoffs and provided a sufficient and (almost) necessary condition
under which reputation effects can be extended.

The model most similar to this paper is by Deb and Ishii (2018). They also studied a
variation of the canonical reputation model in which the long-run player is privately informed

about the monitoring structure. They also investigated the robustness of reputation effects.



The main difference is that they assumed that there is a set of nonstationary commitment
types who switch infinitely often between “signaling actions” that help the consumer learn
the unknown monitoring state and “collection actions” that are desirable for payoffs, while

I maintain standard assumptions.

1.2 Model

One long-lived Player 1 (with discount factor § € (0, 1)) interacts with a sequence of short-
lived Player 2. In each period, two players play a simultaneous move game. Player 1 chooses
a (possibly mixed) action of € A (A;) and Player 2 chooses a (possibly mixed) action
ab € A(Ay). Both A; and A, are finite sets. A signal y, is drawn from a finite set Y.
The probability that y is realized depends on Player 1’s action a} € A; and the monitoring
structure. Let D be the set of monitoring structures, with d : A; — A(Y) a typical element.
Denote the distribution of signals by pg q: (-) € A(Y).

Player 1 is either a normal type who maximizes his discounted payoff or is committed
to playing a fixed action at every stage of the game. For expositional clarity, in most of the
paper, I assume that there is only one commitment type. Let = = {&,£(d41)} be the set
of types, in which &y is a normal type and £(&;) is a commitment type who always plays
Gy € A(A;). Let © = = x D be the set of states, with a typical element 6 = (£,d) € ©. At
the beginning of the game, a state is realized and only Player 1 observes the state. Player
2 has a prior belief of the states which is given by 7°(-) € A(©). I assume that 7° has full
support. Abusing notation, denote Player 2’s prior belief about Player 1 being normal and

monitoring structure being d by 7%(&) and 7%(d) , respectively.



I assume that Player 2 only observes past signals, so the set of histories for Player 2 in
period t is 25 = (V)71 and 5 = UX, ) is the set of all histories for Player 2. Player 1,
on the other hand, knows everything. Let 5% = (4; x Ay x Y)"1 then the set of histories
for Player 1 in period ¢ is © x ] and 1 = U2, (O x ) = © x U2, 7 is the set of
all histories for Player 1.

A strategy for Player 1 is a mapping

o1 1%1—>A(A1)

which satisfies that for any h} € | and any d, o1((£(&1),d),h}) = G1. A strategy for
Player 2 is a mapping

O'QZ%Q%A(AQ)

Let 2 = © x (A, A2, Y)™ be the set of outcomes and P € A (Q2) be the probability
measure induced by the strategy profile o = (01, 05) and the probability distribution of states
7%, Denote the event that the state is 6 by {0}. Let Qy(-) = P(-|{0}) be the probability

measure on the set of outcomes given that the state is ¢, then

P() =) n°(0)Q()

0

Let ., be the o-algebra generated by 7", Z, be the o-algebra generated by 7%, and .
be the o-algebra generated by €2. Then (2, %, P) is a probability space, both {#, : t > 0}
and {9\ ¢ t > 0} are filtrations on this probability space, and F + € ;. Player 2’s posterior

belief in period ¢ that the state is @ is the .% -measurable random variable 7(6) = P({0}|.%,).



The stage-game payoff functions are u; for normal type player 1, and us for player 2.

The expected payoff for Player 2 in period ¢ is
Ep (ug(aﬁ, ab) | f}’t)

and the expected payoff for normal Player 1 in state 6 = (&, d) is

Eq, ((1 —9) Z (5#1“1(@?{7 aé))

Let

ug, = min  ui(on, as)
a2€BR2(&1)

-+

It is the least payoff Player 1 obtains when choosing &;, and Player 2 always plays a bes
response which is called the “commitment payoft.”

The solution concept is Bayes Nash equilibrium (BNE).

1.3 Main Results

In this section, I analyze how uncertain monitoring affects the standard reputation effects of
the long-run player’s payoffs. I provide sufficient conditions under which reputation effects
hold, and I also characterize the conditions under which reputation effects break down. I
focus on the case in which the cardinality of © is finite, while an infinite states set is discussed

in Section 1.5. Let |D| = N and D = {dy, ...,dy}, then |©] = 2N.



1.3.1 Robustness of Reputation Effects

I first provide sufficient conditions for the robustness of the reputation effects. I extend the
notion of e-confirming best responses of Fudenberg and Levine (1992) to this framework.

Define the d-weak-e-confirming best response as follows.

Definition 1.1. as € A(Ay) is a d-weak-e-confirming best response to &; € A(A;) if there

exist (o 1,...,4 x) € (A(A))Y and (7(d1), ..., 7'(dn)) € RY such that
LN w(dy) = 1;
2. g is a best response to S | ' (di)edy ;5
3. W/(di)dei’a/l’i — Pd, 1|0 < €, Vd; € D.

The set of d-weak-e-confirming best responses to a; is denoted by B¥%(a;). Let

vle) = min  ui(og, ).
a2€BY Y (a1)

Then the following proposition provides a lower bound for the payoff of normal type of Player

1.

Theorem 1.1. For any realized monitoring structure d and every € > 0, there is an M such
that, for all &, normal type Player 1’s payoff under monitoring structure d is greater than or
equal to

(1 —&)0Mu &) + (1 — (1 —&)6™) min ui(ay, az)

e (a1,02

in any BNE.

10



The main idea of the proof of Theorem 1.1 follows the classical argument of Fudenberg
and Levine (1992) and Sorin (1999). I also calculate normal type Player 1’s payoff when
mimicking the commitment type. One new challenge introduced by uncertain monitoring
is that Player 2’s prediction of the distribution of signals is no longer linked directly to her
prediction of Player 1’s strategy. Suppose that we do not know Player 2’s posterior beliefs
on monitoring structures. Then even if we show that with high probability that Player
2’s prediction of the distribution of signals is almost correct in most periods, we still know
little about her prediction of Player 1’s strategy. To overcome this challenge, I provide a
more detailed analysis of Player 2’s posterior beliefs. I show that if the realized monitoring
structure is d and normal type Player 1 mimics commitment type, with high probability,
Player 2’s strategy is a d-weak-c-confirming best response to &;, except for a fixed number
of periods. The idea is that Player 2 learns eventually that the real distribution is p4 4, and
Player 1 always plays some strategy that generates the same distribution as pg 4,-

Theorem 1.1 provides a lower bound (vé”l’d(s)) to the payoft of normal type Player 1, the

problem is that vg{d(a) may not be a good lower bound. Consider the following example.

Example 1.1. Consider the following “product-choice” game. It involves one long-lived
Player 1 and a sequence of short-lived Player 2. Player 1 plays either H or L. and Player 2

plays either ¢ or s. The payoffs are shown in the following payoff matrix:

Player 2
c s
H|[23]02
Player 1
L {3011

Suppose &; = H. Player 1’s actions are monitored via a public signal: y € {7,y}. Then

11



d = d; represents the following monitoring structure:

P1 y=y
pdi,H(y) =

L—pf y=y

P2’ y=1y
pdnL(y) =

1—py y=y

Suppose p2? = p'. Consider the case in which the realized monitoring structure is d;.

Then, for any € > 0 and any 0 < € < ¢, in the definition of the d-weak-e-confirming best

response, let 7'(dy) =1 — ¢, 7'(d;) = Né—l Vi#2,ay,=L,and o), = HVi# 2. When ¢ is

sufficiently small, s is a best response to S0 | 7'(d;)oy 4, so s € BY*(H) and v (e) = 0.

The next question is: when will vg’l’d(e) be a good lower bound? Let D} = {d € D :
foranyay € A(AY), if pa,.a, = Pd.ar then BRy(oy) = BRy(41)}, DY, = D\D}, O} = {0 ¢
O:deDLe=¢},0={0ecO:¢=¢ay)},and O, ={0 €O :de D, ¢ =¢&)
The following Proposition shows the sufficient conditions under which v;f’{d(g) is a good lower

bound.
Proposition 1.1.

1. For any realized monitoring structure d;, if D C f)zl, then for any € > 0, there exists §*
such that for any 6 > 6*, normal type Player 1’s payoff under the monitoring structure
d; is greater than or equal to us, — € in any BNE.

2. For any realized monitoring structure d; and any € > 0, there exists 6*and n* such that

12



if for any 6 € O 7%(0) < n*, and § > 6%, then normal type Player 1’s payoff under

—1

the monitoring structure d; is greater than or equal to us, — € in any BNE.

The intuition is as follows. Suppose normal type Player 1 mimics the commitment type.
As I discussed above, Player 2 learns eventually that the real distribution is pg 4,, and Player
1 always plays some strategy that generates the same distribution as pg 4,. If D C f)zl, then
Player 2’s best response to any convex combination of such strategies is the same as her best
response to &;. Then, eventually, normal type Player 1 receives u4, in every round of the
game. In this sense, for any realized monitoring structure d;, 13} can be viewed as all of the
“well-behaved” monitoring structures with respect to d;.

IfD¢g f)zl, we do not have a clear prediction for Player 2’s strategy. If Player 2’s posterior
belief about the state belonging to C:)l_i is large, she may think that Player 1’s action is
completely different from &7, and then her best response may also be different. Fortunately,
Player 2’s posterior belief is bounded by her prior belief in some sense. Therefore, when

Player 2’s prior belief about the state belonging to ©!. is sufficiently small, we can still

2

obtain a good lower bound. The assumptions in Proposition 1.1 may seem restrictive, but

D} actually cover most cases, as shown in the following example.

Example 1.2. Consider the same “product-choice” game as in Example 1.1. T still assume
&, = H, and Player 1’s actions are monitored via a public signal: y € {,y}. Then, d = d;

represents the following monitoring structure:
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Figure 1: "Well-behaved” monitoring structures example 1
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and pg,, 1.(9) # §-

What is D} in this example? Let us first consider the set of monitoring structures in
which either pg (7). pa,r(y) > % or pa. u(9), pa.r(y) < %, as illustrated in Figure 1.

For any monitoring structure d belonging to this set and any a; € A(A;), it is easy to
check that pg o, (7) # pa,. 1(7). According to the definition of D}, this set is a subset of D!

What about a monitoring structure d outside the shaded region? It is possible that there

exists oy = (vH, (1 —)L) # H, such that pg, g = pa,a,- Then

3

Ypa, 5 (Y) + (L —7)pa,L(y) = 1
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Figure 2: "Well-behaved” monitoring structures example 2
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= pa,u(¥) + pa,L(7) < 3 pa,L(y) < Zandpd,H(y) >

3 3
orpa, z(y) + pa,(y) > > pa,L(y) > 1 and pq, 1 (y) <

Taking the union of this set with the set discussed above, we obtain D%, as illustrated in

Figure 2.

The conditions in Proposition 1.1 can be relaxed if us, is the highest payoff Player 1
can obtain from the stage game. Let @, = mazuy(a;,a;) and D? = {d € D : foranya, €

ai,a2

A(AL), if pa,, a1 = Pd,ars then forany ay € Ay, Uy > uy(aq, ag)}.
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Proposition 1.2. If the stage game payoff satisfies us, = 4y and, for any i, {d;,...,dn} C f)zl
and {dy,...,d;_1} C D} U Df, then for any realized monitoring structure d; and any € > 0,
there exists 0* such that, for any 6 > &*, normal type Player 1’s payoff under the monitoring

structure d; is greater than or equal to us, — € in any BNE.

It is easy to check that if there exists a permutation of {1,..., N}, denoted by u, such
that for any i, {d,g),...,dun} C [?L(i) and {d,qay,...,dui-1} C Di(i) U DZ(Z.), then the
results in Proposition 1.2 still hold. Because @; = Z}C{Lgul(al,ag), {di,...,d;i_1} C Df is
a very mild condition. Therefore the conditions in this proposition basically are that for
any ¢, any monitoring structure with a higher subscript is “well-behaved.” The conditions
are significantly more mild than the conditions in Proposition 1.1, especially for monitoring
structures with large subscripts.

The intuition is as follows. For i = 1, {d;,....,dy} € D} = D C D! , I can apply
Proposition 1.1. Now let us consider ¢ = 2. I still consider the deviation that normal
type of Player 1 always plays &;. As discussed above, Player 2 learns eventually that the
real distribution is pg, 4, and Player 1 always plays some strategy that generates the same
distribution as pg, 4,. Since {ds,...,dy} C D1, the only possibility for Player 2 not choosing
an action belonging to BRy(é1) is that her posterior belief about the state being (&, d;) is
sufficiently large and that d; ¢ D%, then d; € D% . This also implies that, in equilibrium,
normal type Player 1, under the monitoring structure d;, almost always plays oy 1 € A(Ay),
such that pg, &, = pd,a,,- When Player 1 follows this strategy, Player 1’s payoff under the

monitoring structure d; is strictly below u;. However, when the monitoring structure is dj,

Player 1 can always obtain #; by mimicking £(¢&1), which leads to a contradiction. The same

16



logic applies when we consider ¢ > 2.

This proposition is extremely useful when |A;| = 2 as shown in the following example.

Example 1.3. Consider the following “battle of the sexes” game. It involves one long-lived
Player 1 and a sequence of short-lived Player 2. Player 1 plays either H or L, and Player 2

plays either ¢ or s. The payoffs are shown in the following payoff matrix:

Player 2
c s
H | 31|00
Player 1
L0013

Suppose &; = Hand that Player 1’s actions are monitored via a public signal: y € {y,y}.

Then, d = d; represents the following monitoring structure:

P1 y=1y
pdi,H(y) =

1—pl y=y

4

P2 y=y
pdmL(y) =

(1= y=y

As proved in the Appendix, if for any d; € D, pcfi > pgi, then for any € > 0, and any
d; € D, there exists 0* such that for any 6 > ¢*, normal type Player 1’s payoff under the

monitoring structure d; in any BNE is greater than or equal to ug, — €.
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1.3.2 Failure of Reputation Building

I next provide sufficient conditions under which reputation effects break down. Let I', =
{pa.a(:);de D} andlet D, , ={d € D : pgo(-) = p}. Ty is the set of distribution of signals
induced by o and D, , is the set of monitoring structures under which the distribution of
signals induced by « is p. The following proposition shows that uncertain monitoring may

cause a failure of reputation building.

Proposition 1.3. Suppose there exist &y € AN(Ay) and as € Ay such that (G, as) is a Nash
equilibrium of complete information stage game, us(&y,az) > ua(@y,as) for all ay # as,
u1 (G, a2) < ug, and T4, C Tg,. There exists a L> 0, such that if Player 2’s prior belief

70(+) satisfies that
;’gFlel ZdEDp,dl 7T0(€07 d)
m(§(A1),d)

max
pels, ZdEDp,éd

> L,

then for any o, there exists a BNE such that normal type Player 1 always plays &y and Player

2 always plays as.

It is easy to check that Player 1’s payoff in the equilibrium described in Proposition 1.3 is
strictly lower than the commitment payoff, so this proposition shows that reputation effects
are not fully robust when there is uncertainty about the monitoring structure. The proof
of Proposition 1.3, as well as all proofs of the following results, are in the Appendix. The
intuition behind Proposition 1.3 is as follows. In equilibrium, since I's, C T's,, Player 2
cannot statistically distinguish commitment type from normal type, so Player 2’s posterior
belief about Player 1 being normal is bounded by her prior belief. Then, if Player 2’s prior

belief about Player 1 being normal is sufficiently strong, no matter the history, she always

18



chooses a best response to ay; therefore, Player 1 also has no incentive to deviate. The

following example illustrates the conditions in Proposition 1.3.

Example 1.4. Consider the same “product-choice” game as in Examples 1.1 and 1.2.
Suppose &; = H, then BRy(é4y) = {c} and ugs, = 2. Player 1’s actions are monitored via

a public signal: y € {g,y}. Then d = d; represents the following monitoring structure:

P1’ y=y
pdi,H(y) =

1= y=y

4

123 Y=y
pa, L(Y) =

(1= y=y

Uy = {pay s pay o} and U'y = {pa, 1, ..., pay o} 1 further assume that monitoring
structure and the type of Player 1 are independently distributed. Then according to Propo-
sition 1.3, if Ty C T'z, there exists a 0 < fi < 1, such that for any 7°(&) > /i and any 6,
there exists a BNE such that normal type Player 1 always plays L and Player 2 always plays
s. Figure 3 shows three specific examples; the first example is also discussed by Deb and

Ishii (2018).

When the bad equilibrium of the complete information stage game is a mixed strategy
equilibrium, reputation building may fail under different conditions. Let 6; = (£(&y), d;) and
0) = (&o,ds).

Proposition 1.4. Suppose there exist a1 € A(Ay) and Gy € A(As) such that (&q, &) is a
Nash equilibrium of the complete information stage game and there exists a permutation of
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Figure 3: Failure of reputation building examples part 1
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{1,..., N}, denoted by u, such that, for anyi:

1. there exist & ; € A(Ar) and e; € (0,1), such that pa, ) a,, = Pd;,ans G1 = €1 + (1 —

ei)&lyi and CNYl,i S BRl(dg),

0 é) e
9. ;W — e
7r0(02<i)) 1—e;

Then, for any 0, there exists a BNE such that normal type Player 1 always plays &;,; under

monitoring structure d,;y and Player 2 always plays c;.

The idea is similar to Proposition 1.3. The difference is that normal type Player 1 can
play different actions under different monitoring structures. In some cases this flexibility
can relax dramatically the requirements on monitoring structures, as shown in the following

example.

Example 1.5. Consider the same “battle of the sexes” game as in Example 1.3. Suppose
&1 = H and that Player 1’s actions are monitored via a public signal: y € {7,y}. Then

d = d; represents the following monitoring structure:

P1 y=1y
pa; 5(Y) =

L—pf y=y

Py y=7
pdmL(y) =

1—p§ y=y

Suppose D = {dy,d,} and (p{*, pd") = (3,1). The commitment payoff is 3. Let (b2, p5?) =
(71,72). Proposition 1.3 can be applied only if 'y C I'f <= 75 = %, andy, € {}l, %} With
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Proposition 1.4, this set can be dramatically extended. As shown in the Appendix, if v, 79

satisfy

and Player 2’s prior belief 7°(-) satisfies

m((¢(H), d2))
m0((&0,d1))

RO(EH) ) _ 3= 3
70((&o, d2)) Y2 — N

=5—8n

for all 0 € (0, 1), there exists a BNE such that normal type Player 1 plays ((271 — %) H, (% — 271) L)

when the monitoring structure is d; and plays (322__31 H, 32_—111 L) when the monitoring struc-
ture is do, while Player 2 always plays (}tc, %s). It is easy to check that normal type Player
1’s payoff in equilibrium is smaller than the commitment payoff. Figure 4 shows the region
of monitoring structures discussed in this example.

With Proposition 1.2, I can show that the conditions here are (almost) sufficient and

necessary. To be more specific, I can show that:

3
Y2 € (07 Z)
1 5
0,—|JU|(=,1

22
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Figure 4: Failure of reputation building examples part 2
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then for any monitoring structure d; and any € > 0, there exists ¢* such that for any 6 > §*,

normal type Player 1’s payoff under monitoring structure d; is greater than or equal to ug, —¢

in any BNE.

1.4 Many Commitment Types

In this section, I consider the case in which there is more than one commitment type. Let
T = {5(&171), £(an2), .. f(dlﬁ)} be the set of commitment types. Then = = {£,}UTY is the
set of types. Further, let £(&;;) represent a commitment type who always plays &, ; € A(Ap).
Next, let é,k = (&(A1,4),dg). Other settings and notations are the same as before.

I consider the case in which commitment types satisfy the following assumption.
Assumption 1.1. For any i # j, I's,, Nl , = .

I',, is the set of distribution of signals induced by «, so this assumption means that Player
2 can statistically distinguish different commitment types. To deal with many commitment

types, I start with the following proposition. Let G(e, 6) = {t € N; 7*() < ¢}.
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Proposition 1.5. For any game satisfying Assumption 1.1, there exist an M and e such

that, for any v # j, any k, [, € > 0,

Qéi,k ({‘N\é(& éj,l)‘ > M}) < ee

in any BNE.

The idea follows the intuition I discussed in relation to Proposition 1.1. When normal
type Player 1’s mimics commitment type £(&; ;) under the monitoring structure dj, Player
2 eventually learns that the true distribution is pg, 4, ,. Since I's,, NT's, ; = , Player 2 can
statistically distinguish different commitment types; hence Player 2 eventually learns that
she is not facing a commitment type &; ;.

This proposition implies that Player 2’s posterior belief eventually will be almost the
same with or without these additional commitment types. Player 2’s behavior, therefore,

will also be the same eventually, as will be Player 1’s payoff.

1.5 Infinite Set of Monitoring Structures

So far, I have only analyzed the case in which the set of monitoring structures is finite. In
this section I consider the case in which the set is a continuum.

Since the game becomes much more complicated, I only focus on the “product-choice”
game discussed in Examples 1.3 and 1.2. The payoffs are shown in the following payoft

matrix:
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Player 2

H| 2302

Player 1
L|30]1,1

Suppose that &3 = H, then BRy(&1) = {c} and us, = 2. Player 1’s actions are monitored

via a public signal: y € {,y}. Any d € D represents the following monitoring structure:

£1 y=y
Pd,H(?J) =

1—pf y=y

P2 y=1y
Pd,L(Z/) =

1—p5 y=y

Then there is a bijection from D to (0,1)*:

f(d) = (pf, p3).

Abusing notation, in this section I will sometimes use (p¢, p9) to represent d. For expositional
clarity, I further assume that the monitoring structure and Player 1’s type are independently
distributed.

Suppose that the prior density for the monitoring structures (py, p2) is given by 7°(p1, p2).
Assume that the marginal distributions of p; and p, both exist and are denoted by 7{(p;)

and 79(p2). The following proposition discusses the conditions under which the classical
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results do not hold.

= (p)
73 (p)

Proposition 1.6. If supp(ny) C supp(7) and sup < 00, then, there is a 1 > 1 > 0,
P
such that for any 7°(&) > fithere exists a Nash equilibrium such that normal type Player 1

always chooses L and Player 2 always chooses s.

The proof duplicates that of Proposition 1.3. The intuition is also similar. In equilibrium,
since supp(7Y) C supp(wy), Player 2 cannot statistically distinguish a commitment type from
a normal type. When Player 2’s prior belief about Player 1 being normal is sufficiently strong,
she will always believe that Player 1 is a normal type with high probability no matter the
history. Therefore she always chooses a best response to L, and Player 1 also has no incentive
to deviate.

Figure 5 illustrates some possible sets that satisfy the conditions in Proposition 1.6. The
distributions in Figure 5 are all uniforms.

I now discuss the conditions under which the classical results can be extended. The
techniques I used before cannot be applied here. For example, in Proposition 1.1, if the set
of monitoring structure is infinite, then M approaches infinity. Since

1\22_7220 (1— 5)(5Mv;f}1’d(5) +(1-(1- 5)5M)(23,’2£)u1(a1, az)

= min uy (o, az),
(a1,a2

it is no longer a good lower bound. To overcome this challenge, I use techniques similar to
those of Gossner (2011).

Given D, define the d-weak-c-entropy-confirming best response as follows.
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Definition 1.2. oy € A(A,) is a d-weak-c-entropy-confirming best response to oy € A(4;)

if there exist {o(d)},cp € A(Ar) and {7'(d')},cp € Ry such that
1. 7'(d’") > 0 if and only if d’ € D;
2. [, 7 (d)dp? dpf = 1;
3. ay is a best response to [ [, o4 ()7’ (d)dp? dp§ ;
4 d (pa,nl| [ par. atyamym (d)dp dps) < e .

The set of d-weak-c-entropy confirming best responses to a; is denoted by B;"’d(al). Let

0y = min  ui(ag, )
OéQEB;U’d(Oq)

Wy be the largest convex function below og:?. Further, let D g = {(p1, p2)|p{ —e1 < p1 <

pd+e1}. I start with the following proposition.
Proposition 1.7. Suppose 0 < pu < 1. If d satisfies
1. de D,

2. for any €1 > 0, e = ffDmDPd Wo(d/)dpilldpg/ >0,
1€

1
then, for any €1 > 0, normal type of Player 1’s payoff in any BNE under the monitoring

structure d is greater than or equal to

Wl <_(1 = 0)log [7*(§(H))e2] + . )

min{p{ —e1,1 - pf —e1}
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Figure 6: Infinite set of monitoring structure example 2
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According to the definition of B;” “4(ay), as proven in this proposition, I can still show that
when normal type Player 1 mimics the commitment type, Player 2 eventually learns that
the real distribution is pg g but nothing further. In some cases, this is enough to guarantee
that there is a good lower bound for normal type Player 1’s payoff, as shown in the following

proposition.
Proposition 1.8. Suppose 0 < pu < 1. If d satisfies that

1. de D,
2. for any €1 > 0, e = ffDmD ., Wo(d,)dplfldpg/ >0,
P1:€1

d 1 d’ 1 d
3. pi > gsuppy + 5suppy,
d'eD d'eD

then, for any € > 0, there exists a 6* > 0 such that for any § > 6* normal type Player 1’s

payoff under the monitoring structure d is greater than or equal to ug — € in any BNE.

Let d = (3, 1). Figure 6 illustrates one possible D that satisfies the conditions in Propo-
sition 1.8.
This is a subset of the set discussed in Example 1.2 which still covers a lot of cases.
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1.6 Conclusion

I examine how the information structure affects reputation effects in long-run relationships.
Formally, I study a repeated game between a long-run player and a series of short-run
opponents. There is incomplete information about the type of long-run player playing the
game. He can either be of a simple commitment type who plays a fixed (possibly mixed)
action at every period or of a normal type who acts strategically. The reputation effect that
I focus on is the lower bound of the equilibrium payoffs to the normal type long-run player.

The modeling innovation is that the short-run player is unsure about the monitoring
structure. The uncertainty about the monitoring structure introduces new challenges to
reputation building because there may not be a direct relationship between the distribution
of signals and the long-run player’s strategy. Thus, the long-run player may not have the
ability to establish a reputation for commitment.

I first provide sufficient conditions under which reputation effects on long-run player’s
payoffs can be extended to the current framework. I introduce the set of “well-behaved”
monitoring structures. I show that, if the short-run players’ prior belief about the monitoring
structures belonging to this set is sufficiently large, then reputation effects are robust. I give
an example to show that these conditions cover most cases. I also show that when the
commitment payoff is the highest payoff Player 1 can get, the conditions can be relaxed.

I also provide sufficient conditions for the existence of “bad” equilibria in which the payoff
of the long-run player is strictly lower than the commitment payoff. I show that, when the
short-run players cannot statistically distinguish commitment action from a bad action, the

standard reputation results break down.
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Last, I investigate two variations of this model. First, I relax the assumptions to allow
more than one commitment type and show that this does not affect the main results. Second,
I investigate a case in which the set of monitoring structures is a continuum. I only consider
a very simple setting and show that Negative results can be extended easily, in contrast,
positive results are much harder to extend.

There are two interesting directions for future research. First, I only consider a specific
game when I investigate the case in which the set of monitoring structures is a continuum. It
would be interesting to analyze whether the results can be extended to other games. Second,
it would also be interesting to combine this paper with Pei (2018) to investigate a model in

which there is uncertainty about both the monitoring structure and Player 2’s payoffs.
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Chapter 2: Opinion Manipulation and Disagreement in

Social Networks

2.1 Introduction

In many cases, individuals form opinions through a process of social learning, in which
they update their opinions based on both their own experiences and the information they
receive from others, including friends, family, and coworkers, as well as media sources. One
interesting and puzzling fact about this process is that individuals remain divided in their
opinions even when they consistently communicate with each other. Disagreements are
ubiquitous on economic and political phenomena such as whether a politician is competent,
whether gun control is a solution to gun violence and other crimes, climate change and
its causes, and so on. A survey conducted by Gallup in 2015 found that 40 percent of
conservative Republicans thought that global warming would never happen, compared with
only 3 percent of liberal Democrats (Dugan 2015). Given this, it is essential to understand
why disagreement among individuals in a society can persist and how disagreement is affected
by the structure of social networks.

I base my study on the model of DeGroot (1974). In this classical framework, there
are N agents in the society. Agent i has an initial opinion z? € R. A weighted directed
network describes the social structure of the society in which the weight represents the
degree to which an agent trusts another agent. At each date, the agents receive information
from their friends/neighbors in the social network and update their opinions. An agent’s

new opinion is simply the weighted average of the information he/she receives. In DeGroot
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(1974), the agents report their opinions truthfully. If the network is strongly connected and
aperiodic, agents will eventually reach consensus. However, as some researchers (Acemoglu
et al. 2013, Bindel et al. 2015) have argued, this emphasis on consensus can only describe
a particular type of opinion dynamics and is unable to explain the persistent disagreement
among individuals in a society.

I study a model of opinion dynamics in which, generically, there is no consensus. I
analyze how the extent of disagreement is affected by the network structure and derive a
new measure of social influence. The crucial difference between this model and that of
DeGroot (1974) is that some agents can lie. More specifically, there are two types of agents
in society: sophisticated and naive. Sophisticated agents have different personal biases and
are willing to persuade others to believe in their biases. These biases are exogenous. They
can lie to naive agents, but there is a cost to lying, scaled by the parameter o > 0, which
represent the intensity of lying cost. To ensure tractability, I assume that the sophisticated
agents are myopic and the utility is quadratic. Naive agents behave the same as the agents
in DeGroot (1974), and they can not infer the accuracy of the signals.

To illustrate this approach, consider, for example, the 2016 presidential election. We can
think of naive agents as the public and sophisticated agents as media sources. During the
campaign, people regularly updated their opinions about which candidate is better. They
received information from the media, and they also communicated with their family and
friends. The media may have been biased and may have sought to advance candidates they
favored by strategically disseminating information. In fact, recent evidence shows that some
news providers created fake news to advance the candidates they preferred (Allcott and

Gentzkow 2017). When news providers don’t report their opinions truthfully, there is a cost
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to lying, whether a psychological cost or a real one.

Since the sophisticated agents are myopic, the equilibrium can be calculated for each
period separately. First, I show that, in each period, there exists a unique Nash equilibrium
in which the signals sent by sophisticated agents can be represented by linear combinations
of the opinions of all agents in the previous period and the biases of the sophisticated agents.
When the intensity of lying cost («) is large, the results are more clear and intuitive. The
signals are perturbation of the real opinions of the sophisticated agents. The perturbation
has the order i It is negatively associated with the opinions of other agents in the previous
period and positively correlated with the agents’ biases.

Second, I investigate the opinion dynamics. I show that, when the network is strongly
connected and aperiodic, and the intensity of lying cost is larger than a constant, the opinions
converge but, generically, do not converge to a consensus. The asymptotic opinions are
proved to be determined by the sophisticated agents’ bias and the structure of the network
and are not affected by the initial opinions. Then I provide a more detailed analysis of the
asymptotic opinions. I find that the asymptotic opinion vector equals to a vector of same
value ¢ plus the vector representing disagreement. Disagreement also has the order of é It
is positively correlated with the inverse of the spectral gap (the difference between the two
largest eigenvalues) of the network. There is a vast literature of probability theory devoted
to studying the relation between the spectral gap and other properties of the social network.
Details can be found in Jackson (2008), Levin et al. (2009), Golub and Sadler (2016). The
primary takeaway is that the spectral gap is small if the society is segregated. Therefore,
the result indicates that, when the society is more segregated, disagreement is greater.

Third, I study the social influence. As the intensity of lying cost approaches infinity,
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disagreement vanishes and the asymptotic opinions are all close to ¢, which is a weighted
average of the bias of the sophisticated agents. This weight can be interpreted as a measure
of social influence. It can be decomposed into two separate factors: direct influence and
indirect influence. The direct influence is simply a summation of the weights that naive
agents place on the sophisticated agent. The indirect influence is a summation of these
weights multiplied by the eigenvector centrality of respective naive agents.

I next examine the opinion dynamics in a slightly different environment, in which the
sophisticated agents assign varying degrees of importance to different naive agents. The
results are almost the same as before. The only significant difference is that the direct
influence now is the summation of the weights that naive agents place on the sophisticated
agent multiplied by the respective degree of importance.

Finally, I investigate the case in which the sophisticated agents are forward-looking. The
model then becomes so complicated that I can only solve a particular case in which there
are only two stubborn sophisticated agents, who never change their opinions, and one naive
agent who places weight only on these two sophisticated agents. I show that, in comparison
with the case of myopic agents, the agent who has more influence gains even more influence,
and the utility of both sophisticated agents is larger due to a reduction in lying cost. I also
examine comparative statics on the discount factor. I prove that these two effects become
more significant when the discount factor is greater.

My analysis shows that one reason why disagreement persists is that individuals with
diverging interests misrepresent opinions for their own benefit. Moreover, I demonstrate
that, when the cost of lying is low, and the spectral gap is small, the opinion variance is
high. This may provide one explanation for the polarization of public opinions: the growth of
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social media. Since the last decade, social media use has risen sharply. A recent survey shows
that 62 percent of U.S. adults get their news on social media (Gottfried and Shearer 2016).
There two reasons to think that this change in media technology increases the divergence
in public opinions. First, social media providers face a much lower cost of a bad reputation
than mass media, which means a lower intensity of lying cost. Second, the exposure to
ideologically diverse news and opinions on social media is limited by both individual choices
and algorithmic recommendation systems (Baskshy, Messing and Adamic 2015). This leads
to a small spectral gap of the social networks.

L' In

My paper is related to an extensive body of literature on non-Bayesian learning.
this literature, the classical result is that, if the network is strongly connected and aperiodic,
agents will eventually reach consensus (DeGroot 1974, DeMarzo et al. 2003, Golub and Jack-
son 2010). Besides this paper, several other models have been proposed to explain persistent
disagreements. One approach is provided by models incorporating some homophily, which
means that opinions that are too far from one’s own are given little or no weight. Opinions
in this kind of model eventually converge to a limit opinion profile, in which agents are par-
titioned into several groups and agents have the same limit opinion if and only if they are in
the same group. A survey of this approach is provided by Lorenz (2007). Another method is
provided by models in which some agents are stubborn, which means that they always put
some weight on their initial opinion. This updating rule was first proposed by Fiedlin and

Johnsen (1990). Bindel et al. (2015) used this framework to quantify the inherent social cost

of this lack of consensus. Acemoglu et al. (2013) also investigated a model with stubborn

IThere is also a significant body of literature on Bayesian learning, see Golub and Sadler (2016) for a
survey.
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agents. They used an inhomogeneous stochastic gossip model and showed that the presence
of stubborn agents leads to persistent opinion fluctuations and disagreement.

The model most similar in structure to this paper is by Buechel et al. (2015). They
also studied a dynamic model of opinion formation in social networks in which agents can
lie (misrepresent their opinion). We both use a quadratic utility function. The difference is
that, in their paper, an agent’s motive for distorting a true opinion is conformity or counter-
conformity, which means that the agent states an opinion either closely aligned with or far
from the group opinion. The characteristics of their model are also entirely different. In their
paper, when the opinion dynamics converge, agents reach consensus. They focus on how the
long-run group opinion is affected by conformity and whether information aggregation is

undermined by misrepresentation of opinions.

2.2 Model

2.2.1 Description of the Environment

A finite set of agents, indexed by ¢ € {1,2,..., N}, interact in a social network. The social
network structure is captured through a non-negative matrix V', where v;; > 0 represents
the trust that agent 7 places in agent j. The matrix V' is row stochastic, so that Z;VZI v =1
for any 7. I study a discrete-time dynamic model. Each agent i starts with an initial opinion
7Y € R and then exchanges information with their neighbors at t = 1,2, 3,... At time ¢, the

opinions of all agents are collected in X = (24, 2%, ..., z%)" € RY. In the classical DeGroot
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(1974) framework, agents report their opinions truthfully and the updating rule is:
X =vxt

DeMarzo et al. (2003) provide one microfoundation for this updating rule: agents are bound-
edly rational in the sense that they treat all information they receive as new and fail to adjust
for possible repetition.

In this model, I assume that some agents can state an opinion different from their true
opinion. There are two kinds of agents: naive and sophisticated. Without loss of generality,
the first d agents are sophisticated. I denote the set of sophisticated agents by S(d) =
{1,2,...,d} and the set of naive agents by A(d) = {d + 1,..., N}. Naive agents report their
opinions truthfully; in contrast, sophisticated agent ¢ can express an opinion s! that can
be different from his/her true opinion x}. Naive agents only observe stated opinions. On
the other hand, I assume that sophisticated agents know the true opinions of others. This
assumption is not important for the results but simplifies the analysis.

Therefore, the opinions of sophisticated agents are updated according to:

N
t __ t—1
xr; = E Uz’jx]’
J=1

and the opinions of naive agents are updated according to:

t __ t t—1
T, = E Uijsj + g Uijl’j
)

jes(d FEA(d)
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-1 -1
) xil-yl
t—1 t—1
t—1 T2 t—1 Ldt2 o . .
Let X7 = and X, = . Let me partition matrix V' into 4 blocks as
:L’td’l xf\}l
follows:
d ‘
d IN-d
Vi Va
vo o[ (1)
Vs | Vi
N—d ‘

in which, V; and V5 represent how sophisticated agents trust sophisticated agents and naive
agents; V3 and Vj represent how naive agents are influenced by sophisticated agents and

naive agents. The updating rules can be written in matrix form:

X{=ViXi '+ VX (2)

X5 =S+ vixi! (3)

Sophisticated agent ¢ has an exogenous ideal point b; € R and tries to convince naive
agents to believe in b;. For simplicity, I use quadratic preference and assume that sophisti-

cated agents are myopic. A sophisticated agent i’s utility function at time ¢ is:

wi(X7N s b)) == > (ah =) —a(s) — 2l
JEA(d)

—a(st — 2t )2 represents the cost of lying, where o > 0 displays the intensity of lying cost.

The costs may arise from probabilistic ex post facto verification that results in penalties if
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misreporting is detected. They can also be purely physiological. Numerous experimental
studies have provided evidence that people have an intrinsic aversion to lying even if lying

cannot be detected at all (e.g, Abeler et al. 2014).

2.2.2 Equilibrium

Since sophisticated agents are all myopic, I can analyze the equilibrium for each period
separately. In each period, sophisticated agents play a static game, in which they simultane-

ously choose s! to maximize their utility. Given other sophisticated agents’ strategies, agent

i € S(d) solves:

mazu(e'™ sib) = = 3 (@) =0 —alsi —af)?
jEA@)

in which 2% = 37, o) VikSt + 2reaw vl . The FOC is:
=23 ieaq Vii(xh — bi) — 2a(s; — z ) =0
— ZjeA(d) Uji(ZkeS(d) Vjsy,) + as; = az] ' — ZjeA(d) Uji(ZjeA(d) Ujlﬂz_l) + ZjeA(d) vjib;

Then the equilibrium strategies of all sophisticated agents are the solutions to the following

simultaneous equations:

> jeaq Vit (Dres(a) Viksk) +asy = ari ™ — > jeaw Uit(Xreaw vty ) + > jeaa) Uith

ZjeA(d) vﬂ(ZkeS(d) vjkSE) + ash = ary ' — ZjeA(d) Uﬂ(ZkeA(d) Ujkxffl) + ZjeA(d) Vj2b2

> e Vid(Cresa) Vikst) +asq = azg = 35 ) via(Xea@ Ul ) + 2 jeaq Vidba
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Let

> jeaa Virth s
2 jea(d) Vizbe N . . .

B = and S* = . Then, this system of equations can be written
ZjeA(d) Vjdba Sq

as:

(aly+V&Vs)St = aXi™t - VIV X + B

Proposition 2.9. For any a > 0, and any social network, there exists a unique Nash
equilibrium in each period. The signals sent by sophisticated agents, in equilibrium, satisfy

that

St =alady + VIVa) X — (ady + VEIVE) TV VXS (aly + VEEVE)TTB S (4)

The proof of Proposition 2.9 as well as all proofs of the following results are in the
Appendix. The proof works by showing that ol + Vi V3 is positive definite, thus, invertible.
Proposition 2.9 shows that in each period there exists a unique Nash equilibrium such that
the sophisticated agents report their opinions as a linear combination of the true opinions,

the opinions of the naive agents and their biases. When « is large, I can rewrite S* as follows:

S" =alaly+ Vi Va) ' XT — (adg + VI VE) TVIVIXE T + (ada + VTVE) B
1 T -1 yvt—1 1 1 T —1y,T t—1 1 1 T -1
:([d—i-a‘/é Vi) X _E(Id‘Fan V) Ve Vi X, +E(Id+a‘/}, V3)"'B

1 1
—X{ 4 S (VIVXE - VXS + B) 4 O()
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Figure 7: Network example 1
(y (v (¥ (9
0=0=0=0

The opinions expressed by sophisticated agents are perturbation of their real opinions. The
perturbation has the order é When the intensity of lying cost («) is large, the difference
between stated opinions and true opinions is small. This deviation is positively associated
with the agent’s bias and negatively correlated with the opinions of other agents in the
previous period. The intuition is straightforward. First, when sophisticated agent ¢ has a
higher ideal point (b;), he/she express a higher opinion to make sure that the naive agents
also have higher opinions. Second, V,;X.™' represents how naive agents are affected by
other naive agents and V3 X'~! represents approximately how naive agents are affected by
sophisticated agents. When these two parts are high, agent i either has no need to express
a high opinion or may even have to express a low opinion to dilute the influence of other

agents. The following example also illustrates this expression.

Example 2.6. Consider a network consisting of four agents. Agents 1 and 2 are both

sophisticated agents while the others are naive. The network is shown in Figure 1. Then

V31 0
VI =V, =
0 V42
and
oy, O
(Oé[d‘i“/gT‘/:%)il: 31
0 1

2
a+vy,
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SO

t o t—1 1 t—1
si| | & 0 T P 0 vgy 0 U3z  Uzq Ty
t ol t—1 1 t—1
So 0 a+v22 Ty 0 —a+v§2 0 V42 V43 V44 Ty
1
arer, U v31b1
+
0 L V420
atvZ, 4202
(6] t—1 V31 _ t—1 _ t—1
_ a—l—v%l 1 a+v§1 (bl U333 U4y )
« t—1 V42 ( _ t—1 t,l)
ﬁ"’”@ LCQ ﬁé"rv42 bQ U43LE3 ’U44$4

st is decreasing in 5 ' and x"! and increasing in 2!~ and b;.

2.3 Opinion Dynamics
2.3.1 Convergence

opinions in a given period as a function of true opinions and the ideal points of sophisticated
agents. By combining Proposition 2.9 and updating rules 2, 3, I can derive the dynamics of
true opinions. Let

Vi Va
U:

aVs(ady + Vi'Va) ™t (Iy_a — Va(aly + VIV VIV,

0q

o3
I

Va(ady +V{'V3) ' B
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Xi

and X! = , then the transformation from X*! to X! is represented by the following
X3

matrix equation:

X'=UX"'+B

Then,

Xt —UX*"'4+ B

—U?X'"2 L UB+ B

t—1
=U'X"+> " U'B
i=0
in which UX? displays the influences of initial opinions and Z;;é U‘B represents the effect
of biases.
Now I can discuss the condition for convergence of opinions. In order to describe the

results, I need to introduce some standard graph-theoretic definitions. In this paper, I use

the same definitions employed by Golub and Jackson (2010).

Definition 2.3. A walk in V is a sequence of nodes iy, o, ..., g, not necessarily distinct,

such that V; > (0 for each k € 1,..., K — 1. The length of the walk is defined as K — 1.

klk+1

Definition 2.4. A path in V is a walk consisting of distinct nodes.

Definition 2.5. The matrix V' is strongly connected if there is path in V' from any node to

any other node.
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Definition 2.6. A cycle is a walk 1,9, ..., 75 such that i; = ix. The length of a cycle with
K (not necessarily distinct) entries is defined as K — 1. A cycle is simple if the only node

appearing twice in the sequence is the starting (and ending) node.

Definition 2.7. The matrix V is aperiodic if the greatest common divisor of the lengths of

its simple cycles is 1.

Let me begin with the simple case where all sophisticated agents have the same ideal
point:

by =by=...=bg=0

Lemma 2.1 shows that, without loss of generality, I can assume that b = 0.

)

zh—b
Lemma 2.1. When all sophisticated agents have the same ideal point b, let Z' = ,

zh —b

then Zt =UZ" 1.

Then

Xt =Ux"1

:UtXO

In DeGroot’s model, if V is aperiodic and strongly connected, then for any X°, < tlz'm ViX 0) =
—00

)

1X°, where [ is the unique left eigenvector of V' corresponding to eigenvalue 1, whose entries
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sum to 1. Proposition 2.10 shows that the opinion dynamics here are quite different from

those in the DeGroot model, even though the expressions look the same and limU = V.
a—r00

Proposition 2.10. IfV is strongly connected and aperiodic, then there exists an & > 0 such

that for any o > & and any vector X° € RV, tlimUtXO =0
—00

In the proof of this Proposition, I show first that there exists an & > 0 and M € N+
such that, for any a > &, UM is a positive matrix. Then I demonstrate that ||[UM ||, < 1
by calculating U 1y. Therefore, klﬂZLOHUM*k“oo = 0 and tli@Uth = 0. The condition
presented here is fairly weak. In addition to the standard requirements regarding network
structure, I only need a to be large. Since the sophisticated agents are myopic, if « is small,
they may send some extreme signals, which leads to divergence of opinions.

Proposition 2.10 shows that, if all sophisticated agents have the same ideal point, sophis-
ticated agents can perfectly manipulate the asymptotic opinions. The sophisticated agents
do not need to be at special locations in the network or have substantial direct influence.
A special case occurs when there is only one sophisticated agent. Agents eventually believe
what that agent wants them to believe. .

I now turn to the general setting in which sophisticated agents have different ideal points.
Then X! = U'X? 4 ') U'B. Now Proposition 2.10 can be interpreted in a different
way: the influences of initial opinions vanish in the long run. If tlﬁ?o Zf;é U'B exists, then
tliTé,X t = tlgroré Zf;é UiB ; the asymptotic opinion vector is completely characterized by the

second term. Therefore, whether the opinions converge is determined by this Neumann series

Zz;é Ut. Tt turns out that the condition for convergence is the same as Proposition 2.10.

Proposition 2.11. If V is strongly connected and aperiodic, then there exists an & > 0 such
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that for any o > & and any vector X° € RV, tlith = - U)*lBe.
— 00

The proof of Proposition 2.11 follows from Proposition 2.10. Since there exists an & > 0
and M € N7 such that for any o > & ||[UM || < 1, the Neumann series 3_\_, U’ converges

to (I — U)~'. Therefore, X' converges to (I — U)~'B.

2.3.2 Disagreement

In this subsection, I study the properties of the long-term opinions. Proposition 2.11 shows
that the long-term opinion vector is (I —U)~'B. It is determined by o (the intensity of lying
cost), the structure of the network, and the biases of sophisticated agents. Since there are
two inverses in (I — U)™!, it is not easy to analyze what this indicates. The following result

shows that, generically, there is no consensus.

Proposition 2.12. If the opinions converge, rank(Vs) = d and sophisticated agents don’t

have the same ideal point, then there is no consensus.

The intuition behind Proposition 2.12 is as follows. If there is a consensus ¢, then

X =St + VX —= Z vie=(1— Z vij)e = Z v;;85 foranyi € A(d)
JE€S(d) JEA(d) JES(d)

Since rank(Vs) = d, the stated opinions must be the same as the consensus c. However,
sophisticated agents have different ideal points, so they should not express the same opinion.

Proposition 2.12 shows that, since sophisticated agents with diverging interests misrepre-
sent opinions to influence the opinions of naive agents, disagreement persists in the society.

The condition rank(V3) = d in this Proposition represents that the weights that naive agents
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assign to sophisticated agents are linearly independent. It also indicates that all sophisti-
cated agents can gain the attention of some naive agents. The other result that can be
derived from this formula (I — U)~'B is that, when the difference between ideal points of

sophisticated agents is small, the long-run opinion variance is also small.

Proposition 2.13.

max ((I — U)_IB)

)

- —min ((I - U)_liA?)A < (V, @) (bmar —

1 1 1

The proof of Proposition 2.13 is directly derived from Lemma 2.1. This Proposition
shows that, given the network structure and the intensity of lying cost, the range of long-run
opinions is bounded by the range of ideal points of sophisticated agents multiplied by a

constant. When the network is very simple, I can derive a simple expression for ¢; (V, «), as

shown in the following example.

Example 2.7. Consider the same network as in Example 2.6. Then

1-— V11 0 —7U13 0
0 1— V922 0 —U24
1 -U-=
__aws 0 _ _owss _ awsg
atvy; atvy; atvy;
0 w42 o043 1 — —Quas
a+v§2 cx—l—ng a+v§2
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and

0
A 0
B =
U§1b1
a+v3,
vizbg
a+v4§2
I —wp 0 —v13 0 e 0
0 1 — vz 0 —V24 x5 0
__ QU3 0 1 — —ows3 _ _ow34 20 U?1b1
oty atvl) a+tvg 3 a+v3,
0 _ Quaz  _ auaz | _ Qv 200 v3,bo
a+vi, a+vi, atvZ, 4 —aJFUZg
SO
2 =25t andry = xf°
then
2 B - 2y
U3y + QU3 V34 3 v2,by
_ 2 oo 2
Qg3  Upp + Q43 x5 v2,by
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and

o) 2 2
x5 1 Ugy + V43 QU3 v3,01
. V3 4 vy + (V34075 + V4303) ) )
x5 Q43 V31 + Qusy Vi509
2,2 b
o VyoUs31 1
) 2 2 2
'U3]_ + U42 + Oé('U34'U42 + U43U31) b
2
a (vy3v3,b 2b 1
130501 + U3405509)
2 2 2 2
U3y + Vi + a(v34v3, + U43U31) 1
SO
2.2
UgoUszy

C1 V, o) =
(V> a) V3 4 Vi) + (V34035 + V4303)

c1 is decreasing in «, vgy and vys.

When the network is more complicated, the expression of ¢; (V, «) becomes messy and
difficult to interpret. However, when « is large, I can rewrite (I — U )_1B to obtain some
insights. There is a need for a further assumption: V is diagonalizable. This assumption
is fairly weak. One sufficient condition is that V' has n distinct eigenvalues. Since a ran-
domly chosen stochastic matrix almost certainly has n distinct eigenvalues, V' is generically

diagonalizable. Suppose V = GAG™! , where

M 0 - 0

0 N --- 0
A=

0 0 - AN
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l

s

and

G:(/I"l T 7"N>

{\i} are the eigenvalues listed in descending order by modulus, [; and r; are the respective
left and right eigenvectors. Since V' is a row stochastic matrix, \y = 1,ly =, ry = 1y. Now

it is possible to rewrite the long-run opinion vector (I — U )*1B .

Proposition 2.14. If V is strongly connected, aperiodic and diagonalizable, then there exists

an & > 0 such that, for any a > & , there exists a constant ¢ such that

in which ~ -
2 1 0 0 Od
B=|I—- 1n1
0 0 0 Vv’ VsB
l 1y
0 WVl
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For the proof, I consider the inverse of G™'(I — U)G. Since

G I -U)G
0 0 1 0 0
— + =Gt VG
a
0 In1— Ay 0 V3(Iq+ iV;),TVs)_IV;),T
0 0 1 0 0
0 In_1— Ay 0 V3(Iq+ éVgTV?,)_lvg,T
0 0 1 0 0
= + =G GA
a
0 Ini— Ay 0 VaVg"
1 .19 0 1
— EG GA+ 0(5)

0 %%T%%T

It is then possible to calculate the inverse of G™!(I — U)G by applying the block matrix
inverse formula. The rest is just algebra.

This Proposition shows that, given any strongly connected, aperiodic and diagonalizable
network, when « is large, the long-run opinion vector can be rewritten as a vector with
the same value plus a vector representing disagreement among agents. The disagreement
vector is O(é), so disagreement vanishes as o approaches infinity, as shown in the following

example.

Example 2.8. Consider a network consisting of six agents. Agents 1 and 2 are both sophis-
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ticated agents, while the others are naive, and

02 0 04 04 0 O
0 02 0 0 04 04
04 0 02 04 0 O
04 0 02 0 0 04

0 04 0 0 02 04

0O 04 0 04 02 0

The network is shown in Figure 8. The ideal point of agent 1 is 1, the ideal point of agent
2 is —1. The relation between the range of (I — U )_IB and « is presented in Figure 9. The

range of long-term opinions decreases from 1.241 to 0.002 as « increases from 1 to 1000.

Proposition 2.14 also shows that the variance of long-term opinions is affected by 1 — \;,
which represents the difference between the largest eigenvalue and the ith largest eigenvalues.
The variance of long-term opinions is likely to be large when at least one of them is small.
This does not mean that disagreement approaches infinity as the difference goes to 0 because
this approximation works only when « is the dominant factor. If \; (¢ # 1) is close to 1,

then it must be true that the spectral gap (the difference between the module of the two

Figure 8: Network example 2
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Figure 9: Range of Long-run Opinions vs Intensity of Lying Cost
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range((I —U)"'B)
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Figure 10: Network example 3

largest eigenvalues) is also small. In fact, when Ay € R™, the spectral gap is 1 — Xs.

There is a large literature in both applied mathematics and economics devoted to studying
the spectral gap (Jackson 2008, Levin et al. 2009, Golub and Sadler 2016). In the framework
of DeGroot, researchers have proven that this gap determines the speed of convergence.
The relation between the spectral gap and the geometric structure of the graph is also
investigated. The basic idea is that the spectral gap is small when the society is segregated,

for instance, there exist some bottlenecks in the graph. The following example illustrates

this insight.

Example 2.9. Consider a network similar to the network in Example 3. The only difference

o4



is how much Agent 4 trusts agent 6, and vice versa. The matrix is

02 0 04 04 0 0
0 02 0 0 04 04
04 0 02 04 0 0
04 0 0.2 e 0 04—e

0 04 0 0 02 04

0 04 0 04—-e 02 e

It is shown in Figure 10. If e = 0, then it is the same as the network in Example 3.
Suppose that o = 10.The relation among the range and variance of long-term opinions,

A2 and e is presented in Figure 11. As e increases from 0 to 0.4, the bottleneck gets tighter

and tighter, so Ay increases from 0.8 to 1, which means that the society is more and more

segregated. As a result, both the range and the variance of long-term opinions increase.

2.3.3 Social Influence

[ am now left to address the influence of each agent on the long-term opinions of other
agents given his/her network position. As discussed above, the long-term opinion vector is
(I-U )’U@ and disagreement generically persists. Therefore, it is much harder to analyze
the influence, in comparison to the DeGroot model. To simplify the discussion, let us restrict

our attention to the case where « is large. Let [ = ( 1(1) 1(2) --- I(N) ) and

i) = (ZjeA(d) Uji) (ZjeA(d) Ujil(j))
ZkeS(d) (EjeA(d) Ujk) (ZjeA(d) Ujkl(j))
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Figure 11: Long-term Opinions
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for every i € S(d). The following result shows how opinion leadership is determined by the

structure of the social network when « is large.

Proposition 2.15. For any i, (lim (I — U)_lBe)‘ = ¢, in which ¢ =3, g bil (7).

a—00

When V is diagonalizable, the proof of Proposition 2.15 is directly derived from the proof
of Proposition 2.14. If V' is not diagonalizable, it is much harder to prove this result. In the
proof, I first show that

lim |max ((I - U)_1E> — min ((I - U)_IB>

a%oo|: [ i i

J-o

Then I multiply both sides of the equation (I — U)X = B by [ to calculate ¢
This Proposition shows that, when « is large, long-term opinions are all close to one

point, which is a weighted average of the ideal points of sophisticated agents. Let [ =

~

( (1) 1(2) --- (d) ) . then [ is the new centrality vector. () is determined by <ZjeA(d) vji> (ZjeA(d) v
The first part (Z jEA(d) vji> is the total trusts that all naive agents assign to ¢, thus, this can
be viewed as the direct influence. On the other hand, the second part (Z jea) Vil (j)> is
the summation of the product of how much a naive agent trust ¢ and how much influence this
naive agent has on other agents. The second part can be viewed as the indirect influence.
The following example shows that this new centrality measure can be very different from

the eigenvector centrality.

Example 2.10. Consider a network consisting of four agents. Agents 1 and 2 are both
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Figure 12: Network example 4

sophisticated agents, while the others are naive, and

01 0 03 06
0 08 01 0.1

0.1 05 0.1 0.3

05 01 04 O

The network is shown in Figure 12. The eigenvector centrality vector is

[ = ( 0.117 0.529 0.177 0.177)

and the new centrality vector is

[ = ( 0.500 0.500 )

In the DeGroot model, the influence of Agent 2 is much bigger than that of Agent 1. However,

the new centralities of these two agents are the same.

Proposition 2.15 can also be written as: (lz’m lith) = ¢. Since limU =V, it is easy
a—»00t—r00 i a—»00

to check that (lim lim Xt>' = [X° Generically, ¢ # [X°, which means that, even though

t—ooa—r00 i

58



disagreement vanishes as « approaches infinity, the long-term opinions are not close to the
consensus in the DeGroot model. Mathematically, this is because different orders of limiting
operations lead to different results. These two different limits actually determine the opinion
dynamics when « is large. The opinions first approach [X° then move together from (X"

to ¢, as illustrated in the following example.

Example 2.11. The network here is the same as the network in Example 3. Suppose
X% =1(0,0.3,0.6,0.9) , by = —0.5, by = 0.5 and a = 10. Then [X° = 0.424 and ¢ = 0.
Figure 13 compares the dynamics of opinions in the DeGroot Model with those in my
model. As shown in the graph, in the first several periods, these two dynamics are almost
identical. That is because, when the cost of lying is large, the influences of initial opinions
dominate the first several periods. After that, these influences gradually disappear and the

influence of bias slowly becomes the dominant factor. The opinions eventually approach ¢.

Figure 13: Opinion dynamics
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2.4 Extension
2.4.1 Different Degrees of Importance

In the previous section, I considered the case in which sophisticated agents care equally
about the naive agents. Now, I try to extend the model to a more general setup where
the sophisticated agents assign different degrees of importance to different naive agents. I

assume that the utility function of sophisticated agent ¢ at time ¢ is:

us (21, 54, b Z Bji(xt — b;)? — st — xl71)? (5)

JEA(d)

in which 3; > 0 represents how important naive agent j is to sophisticated agent i. B;;

satisfies that, for any i, deA Bji = 1. The FOCs now are

> ieaw Biivii(Cresqa vinsh) + st = axih = 3740 Bivii(Xjeaw Vikh ) + 2 seaqa) Biiviibi
(6)

let
Bat+1,1Vd+1,1  Bdt1,dVd+1,d

5N,1UN,1 T BN,dUN,d

> jeaq) Bitvih

ZjeA(d) 53‘2”]‘252

wef
I

ZjeA(d) Bjdvjdbd
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Us = aVy(aly+ VIVE)™, Uy = |Iy-a— Va(aly + VIVa) VT | Vi, U = and

04
B, = . Following the same steps as set out in the previous sections,

Va(aly + ‘N/Z),T‘/g,)_lé

I can show that the opinion dynamics are characterized by the following matrix equation:

Xt=UX"'+ B (7)

The results are almost the same as before, except that there is a different centrality

vector. Let
i) (ZjeA(d) 5ji”ji> (Z]‘eA(d) sz‘l(j)>
1) =
> kes <2j€A(d,) »6jkvjk) (ZjeA(d) Ujkl(i))
for every i € S(d), and [ = ( (1) 1(2) - i) > As I illustrate below, [ is the new

centrality vector.

Proposition 2.16. For any 1, (lim lz’th). = ¢, in which ¢ =3, g bil ().

a—>00t—00

Proposition 2.16 shows that, when the sophisticated agents assign different degrees of
importance to different naive agents, the centrality vector is different. The indirect influence
remains the same as before but the direct influence is now » ieAd) Bjivj;. The trust that all

naive agents place in ¢ is weighted according to the degrees of importance.

2.4.2 Farsighted Sophisticated Agents

So far, I have examined the case where the sophisticated agents are myopic. In this section, I

attempt to extend the model to a case in which the sophisticated agents are forward-looking.
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I only consider the simplest case due to tractability considerations.

Suppose there are two sophisticated agents and one naive agent. The sophisticated agents
are stubborn, which means that they never change their minds (v;; = vy = 1). Without
loss of generality, I assume that the initial opinions of the sophisticated agents are -1 (Agent
1) and 1 (Agent 2). The sophisticated agents try to convince the naive agent to believe what
they believe. (b = —1,by = 1). I also assume that v33 = 0. Then the stage payoffs are given
by

I = —(vs12y + vy, + 1) — oy + 1)
Iy = —(va1m¢ + v3ays — 1)* — o (g — 1)2

in which z; and y, are signals sent by sophisticated agents.

I follow the method proposed by Maskin and Tirole (1987) to solve this model. I also
assume that in odd period 2t + 1, Agent 1 chooseS xg;,1, which will remain unchanged until
period 2t + 3; and in even period 2t + 2, Agent 1 chooses ¥y, 2, which will remain unchanged
until period 2t + 4. I also focus on Markov perfect equilibrium. Since w33 = 0, the state
in each period is the action of the other sophisticated agent in the last period. Denote the
pairs of dynamic reaction functions by (Ry,Rs). (R1,R2) is an MPE if and only if there exist

valuation functions {(V1, W1), (Va, Wa)} such that for any {, 7}

Vi(9) = maz {1l (2, 9) + oW1 ()}

Ra(9) € argmaz {IL (2.9) + Wa(x)}

Wi(2) = (2, Ry(2)) + 6Vi(Ra(2))
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As in Maskin and Tirole (1987), the solution should satisfy that

dR, I3, R (@) — OT1L(#, Ra())

dx (#) = STI2(&, Ry()) + 02112(Ry (R4 (%)), Ra (7))

ARy TB(R(3).5) — ST Rali). )
dy ST (R1(9), 9) + 0*T15(R1(9), Ra(R1(9)))

I also assume that R; are linear functions:

Ri(y) = a1 +ny

Ry(z) = ag + yox

Then
by = oz +1) +vs(vaw + v3a Ry N (x) + 1) + ad(x + 1) + sy (va17 + v3a Ro(z) + 1)
2 51}32(1}311' + U32R2(3§') + 1) -+ 52U32<U31R1 (Rg(iC)) —+ U32R2<£E’) —+ 1)
"= Oé(y — 1) + U32<U31R51(y) + U32Yy — 1) + CY(S(y — 1) + 51}32(v31R1(y) + V32y — 1)
1= —

dv31 (V31 R1 (y) + v32y — 1) + 02031 (v31 R1(y) + v52Ra(Ra(y)) — 1)

Then it must be true that

1
(]. —+ 5) (OC + U?2>1) + 77)311)32 + (5’[]31’032’)/2 -+ 57)317}32’)/2 + 5@32’722 —+ (521)311}32’71’7% -+ (521)52’)/% =0

1

=0%v310327175 + 0(1 + 6)v3 7173 + 20v310327172 + (1 + 6) (a0 + v3)) 1 + varv32 = 0 (8)

0*v31v327775 + 0(1 + 8)v37572 + 20vs1v327172 + (L4 6) (ar + v35)72 + v31032 =0 (9)
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and

a
— (0v39y2 +v31 + )(1 4 9) + U31U3271
1

=6031U3205 + 6 (1 + 6)v3a0y2 + 02U31032a1Y2 + 0°V31 V32027172 (10)

a
(0vg1y1 + 32 + ) (1 +6) + 031@327—2
2

=0v31032a1 + 8(1 + 0)v3 a1y + 0°v31V39a9Y1 + 67V31 V32017170 (11)

Let p = v31, then vz = 1 — p. I first prove the existence of real roots:

Lemma 2.2. Given 0 < p <1 and 0 < § < 1, there exists an o > 0, such that for any

a > o,

1. there exist real solutions to the system of equations (3.7) and (3.8), denoted by v; and

*
’727

. p(1—p) 1
T e O
P p(1—p) 1
BT e

Lemma 2.2 shows that, when « is large, there exists real solutions and the solutions are

represented by simple formulas. We can then begin to calculate a; and a,.
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Lemma 2.3. Given 0 < p <1 and 0 < § < 1, there exists an o* > 0, such that for any

a>a”, if v =17, then af = ﬁ_i and a; = ﬁ_?’ where
L 36%p*(1 — p)? 1
Al =1 (1—|—(5)2(04+p2)(04+(1—p)2)+O(O‘3)
A1 Pd-p) op(1 - pla
2 at+p’  (1+0)(a+p)(a+(1-p)?)
B op(1 —p)? 1
+ [=3p+ 1+ 4] (140)*(a+p?)(a+ (1 —p)?) i O(a3)
., p1-p) op(1 = p)a
By =147 (1=p)*  (A+06)(a+p’)(a+(1-p)?)
+[B3(1—=p)—(1+9)] LAtk * O(i)
(1+02(a+p)(a+(L-p?) ol

By lemmas 2.2 and 2.3, I can show that, when « is large, there are always real solutions

to the system of equations such that 77, 5 are both negative numbers close to 0 and

*

aj =~ —aj ~ —1. It is easy to check that II;(z,9) + 0Wi(x) is concave, so there exists

an MPE where 7, = v/, a; = a, and the strategies are

Ri(y) = aj + 71y

Ry(x) = a3+ vy

It is also easy to check that the linear system is stable.
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When « is large, the state will quickly converge to the steady state:

ai + 7105 Gy + 7301
L=y " 1=

(=%, y7) = (

)

What follows are some properties of the steady state. The steady state will be compared
with the case where the sophisticated agents are myopic. Denote the opinion of the naive

agent in a steady state and in a myopic case by z* and Z, respectively.

Proposition 2.17. There exists an o > 0, such that for any o > o*, 2* > 2 if and only if

IL—p>p

Proposition 2.17 shows that, when the sophisticated agents are forward-looking instead
of myopic, the agent who has more influence when all agents are naive gains even more
influence. The stage payoff in these two different cases can also be compared. Denote the
stage payoffs of the sophisticated agents in a steady state and in a myopic case by I} and

A

I1;, respectively.

Proposition 2.18. Given 0 < p <1 and 0 < § < 1, there exists an o* > 0, such that for

any o > o, IIF > I1,.

Proposition 2.18 shows that, when the sophisticated agents are forward-looking instead
of myopic, the stage payoffs of both sophisticated agents increase, even though one has more
influence while the other has less. This is because the cost of lying is smaller.

The last proposition discusses some comparative statics with respect to 4.

Proposition 2.19. Given 0 <p <1 and 0 < §; < d < 1, there exists an o* > 0, such that
for any a > o,
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2. 2%(02) > z*(0y) if and only if 1 —p > p

Proposition 2.19 shows that, when the sophisticated agents are more patient, the effects

I discuss in Propositions 2.17 and 2.18 become more significant.

2.5 Conclusion

This paper provides a possible explanation for the persistent disagreement among individuals
in a society and studies the relation between the extent of disagreement and the structure
of social networks. It considers a bounded rationality model of opinion formation. I show
that, when the network is strongly connected and aperiodic, and the intensity of lying cost
is sufficiently large, the opinions converge but, generically, do not converge to a consensus.
The paper further characterizes the asymptotic opinions. These are determined by the
sophisticated agents’ biases and the structure of the network and are not affected by initial
opinions. The extent of disagreement is negatively correlated with the intensity of lying
cost and the spectral gap, which represents the degree of segregation. I then study social
influence. I find that social influence can differ significantly from eigenvector centrality and
that it can be decomposed into two separate factors: direct influence and indirect influence.
Finally, I investigate two variations of this model. First, I relax the assumptions to allow
the sophisticated agents to assign different degrees of importance to various naive agents.
I show that this only changes the direct influence. Second, I investigate a case in which
the sophisticated agents are forward-looking. I only consider a very simple network and

show that, in comparison with the case of myopic agents, wherein the agent who has more

67



influence gains even more influence, the utility of both sophisticated agents is larger. I also
examine comparative statics on the discount factor. I prove that these two effects grow in
significance as the discount factor enlarges.

To ensure tractability, I focus on the case in which the sophisticated agents are myopic.
Moreover, when the sophisticated agents are forward-looking, I only analyze the simplest
network. An interesting question is whether we can extend these results to a more general
setting in which agents are forward-looking and communicate with each other through an
arbitrary network. It would also be interesting to see whether these results remain valid

when the network is endogenously formed.
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Chapter 3: Informal Lending and Entrepreneurship

3.1 Introduction

Entrepreneurship can yield a path to economic independence, boost job creation, raise in-
comes, and help consumers to make a living. Unfortunately, it is stifled by restricted access
to credit, equity, or payment services. A World Bank survey? found that most entrepreneurs
faced difficulty accessing capital from banks and ended up resorting to borrowing from
informal resources; an outcome that concerns many because it is believed to negatively cor-
relate with entrepreneurial growth and performance. For reasons such as lack of capital,
excessive red taping, and inability to perfectly monitor applicants, loans which could spur
entrepreneurial activity cannot be allocated to consumers (Field et al., 2013). While finan-
cial access is a pressing issue in many developing parts of the world, it is also a critical issue
in the United States. The Obama Administration, in a June 2016 briefing®, reported that
financial inclusion is a problem for 20% of the US population. These consumers cannot ob-
tain the approval to use reliable and affordable financial products and use alternate services,
such as same day loans, borrowing at pawn shops, and borrowing informally.*

Given the impact of financial inclusion on consumers, it is startling to find that the liter-
ature in entrepreneurship largely ignored the reasons behind lack of access. In this paper, we

address this gap by studying the impact of formal and informal borrowing opportunities on

Zhttp://www.worldbank.org/en/results/2013/04,/05/msme-finance-expanding-opportunities-and-
creating-jobs

3https://obamawhitehouse.archives.gov/blog/2016/06/10/financial-inclusion-united-states

4Consequentially, the U.S. Department of the Treasury initiated a program to improve access to financial
services for all, particularly for the low and moderate income households. Among the initiatives set up by the
Obama administration were Financial Inclusion Forum, the Financial Empowerment Innovation Fund, and
participation in the G-20’s Global Partnership for Financial Inclusion. The Administration has also proposed
in its 2017 Budget pilots for new approaches that provide shorter and longer term financial assistance and
savings tools, to help workers build up “rainy day” reserve funds.
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consumer entrepreneurship. Most consumer entrepreneurship happens in the form of invest-
ment into small and medium micro enterprises (SMEs). SMEs are particularly important for
emerging economies as they account for the largest share of employment and GDP®. They
help families to pay bills, build wealth, and attain social mobility in the long term (Dem-
triades and Hussein, 1996). We investigate how terms of borrowing alter entrepreneurial
investment in a market. Specifically, our paper answers the following research questions:
How does the availability of informal borrowing influence financial inclusion (access to credit
for all consumers) and terms of borrowing from formal resources? What is the impact of
informal lending on the volume and innovativeness of entrepreneurial output?

We build a model that considers how financial inclusion (or, the lack of it) endogenously
rises as opportunities of informal borrowing emerge in a market. We focus on those who
are in need of a loan to create an SME, and assume that borrowers are heterogeneous with
respect to their existing wealth and the lucrativeness of their entrepreneurial idea. While
the bank would like to screen for an applicant’s risk of default and prefers to fund more
innovative ideas, it can assess risk only imperfectly. To hedge its risk, it can ask consumers
for a non-cash collateral. As a result, consumers with productive ideas and enough wealth to
pledge a collateral can signal their low risk and gain access to financial products. Consumers
without wealth are either excluded of financing opportunities, or are extended a loan without
a collateral at a high interest rate. As a result, some of these consumers may have an
incentive to borrow in the informal market. Informal borrowing markets suffer less from the
information asymmetry problem that a bank faces because those lending to friends, family,

or other social contacts are usually better informed about the nonpayment risk associated

% According to World Bank statistics.
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with these individuals. Thus, they have a better assessment of each other’s risk compared
to the bank (de Meza et al., 1987).

Our model focuses on two problems that emerge in entrepreneurial markets due to im-
perfect ability to screen consumer risk of default. First, consumers with productive ideas
but no wealth are pooled with others with unproductive ideas because neither can put down
a collateral. This results in an underinvestment problem such that the creditworthy en-
trepreneurs are deprived of loans that would yield positive expected returns for them and
the bank. On the other hand, if the bank provides loans that do not require a collateral,
it assumes the risk of losses from lending to those with unproductive ideas; thus faces an
overinvestment problem.® Banks try to balance the overinvestment and underinvestment
problems in designing their loan contracts and the contract terms determine who gets to
borrow, and which entrepreneurial projects end up being realized.

We find that in a market where there are few informal borrowing opportunities, the lender
offers unsecured loans at a more attractive (lower) rate to entrepreneurs without wealth.
Therefore some informal activity can be beneficial for the entrepreneurs. But if there are
plenty of opportunities to borrow informally, this motivates banks to take advantage of the
informal activity in the market. The bank finds it more attractive to limit credit access
and increases the rates of secured loans so that it can motivate these consumers to lend
informally and earn higher profits that way. The bank is financially better off in markets
with high informal economy if it restricts access and offers only secured loans at high rates.

This results in a severe underinvestment problem where deserving productive entrepreneurs

SExistence of informal lending leads to two types of underinvestment problems. The first is exclusion of
the consumers with productive ideas but no wealth to pledge for a collateral. The second underinvestment
problem is the reduced investment by the wealthy consumers who would otherwise invest into a project but
find it more profitable to lend in the informal lending market.
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are forced to borrow informally because there are no unsecured loans offered. Moreover,
instead of borrowing and investing into their ideas, some consumers find it more attractive
to lend to contacts and some other consumers receive no access to credit and cannot realize
their entrepreneurial project. So low levels of informal borrowing opportunities catalyze
entrepreneurship, but high levels of it incentivize banks to restrict access to credit and earn
rents from the high rates charged to a small group of the wealthy who have the ability to
earn money through informal loans.

In the extensions, we first consider how introduction of joint liability contracts influences
entrepreneurial activity. Because lenders cannot perfectly assess the risk associated with a
consumer, they hedge against risk by joint loan contracts. In joint contracts, borrowers who
belong to the same group can co-sign a loan together by assuming partial liability on the
loan of a friend. When one defaults on the loan, the co-signer has to cover for his debt.”
Consumers who are friends know each others’ risk types better than the bank (Ghatak,
2000), and individuals self-select to form loan groups with low risk friends. So lender’s risk
of non-payment is reduced in joint lending contracts. We find that joint lending can miti-
gate the under and overinvestment problems while improving the volume of entrepreneurial
investment. Therefore they are desirable from managerial and policy perspectives.

Second, we extend the model to consider heterogeneity in ties, and additional motivations
for lending such as helping friends or investing in personal relationships, rather than earning
rent. Consumers may borrow from others who they have weaker ties with, who may want to

help them to succeed financially. We show that these additional factors which can increase

"The attractiveness of the joint lending programs can come from various number of factors, including
social pressure to keep up with their payments because of the consequences associated with default, whose
severity may vary from humiliation to ostracism by the group Wei et al. (2016)
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the strength of relationships and outside borrowing opportunities can limit financial access
further.

Our study makes several distinct contributions to several strands of the literature. First,
we contribute to the consumer finance literature by studying how informal borrowing oppor-
tunities influence financial inclusion and terms of borrowing for consumers. A large number
of banks, fintech startups, and consulting firms in the US are interested in developing finan-
cial products to improve the lives of the low and middle income consumers. While there is
a rich literature focusing on a variety of issues in the consumer finance domain, including
behavioral responses to the characteristics of financial products(e.g., Feinberg et al., 1986;
Soman, 2003; Soman and Cheema, 2002; Christen and Morgan, 2005; Gourville and Soman,
1998), attitudes towards saving(Benartzi and Thaler, 1999; Hershfield et al., 2011; McKen-
zie and Liersch, 2011; Karlan et al., 2016), and financial literacy (e.g., Bolton et al., 2011;
Gaurav et al., 2011; Hadar et al., 2013), to our knowledge no study analyzed the conditions
that create inequality in consumers’ access to financing.

Second, we contribute to the studies focusing on new product introduction and en-
trepreneurship. While there is a significant research body in diffusion of new products and
innovation (e.g., Mahajan et al., 1990; Mahajan and Muller, 1998; Hauser et al., 2006; Sood
and Tellis, 2009), there are very few studies on entrepreneurship of low-income consumers
who has to resort to informal borrowing. This study is the first to focus on the relationship
between borrowing opportunities and entrepreneurial outcomes. It is also the first to study
this relationship from the perspective of social ties.

Third, we make a contribution to the literature on emerging markets (e.g., Anderson-

Macdonald et al., 2015; Anderson-Macdonald and Thomson, 2015; Bollinger and Yao, 2016).
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In business and economics, there is a growing interest in emerging markets (Sancheti and
Sudhir, 2014; Sudhir and Talukdar, 2015; Sudhir et al., 2015; Anderson-Macdonald et al.,
2015; Anderson-Macdonald and Thomson, 2015; Kishore et al., 2015). Nevertheless the
number of studies focusing on lack of finance and its reasons is small. Wei et al. (2016)
list some of the reasons for the difficulty of accessing credit as lack of capital, insufficient
consumer history to demonstrate creditworthiness and imperfect screening of consumer ap-
plications by financial institutions. We contribute to this literature by showing how these
challenges may also result in informal borrowing.

Fouth, we contribute to the literature on the coexistence of formal and informal finance
(Bose, 1998; Hoff and Stiglitz, 1998; Jain, 1999; Karaivanov and Kessler, 2018; Lee and Pers-
son, 2016; Madestam, 2014, among others). While these papers have discussed the cases in
which the informal lenders are either bank competitors or channels of bank funds, to our
knowledge no study analyzed how the density of social connections affect the interaction
between formal and informal finance. Finally, the paper relates to the literature on develop-
ment and incomplete financial markets (e.g., Ahlin and Jiang 2008; Banerjee and Newman
1998; also see Buera et al., 2015 for a survey of studies on macro side), and informal transfers
in social networks (e.g., Ambrus et al., 2014; Karlan et al., 2009).

The rest of the paper is organized as follows. In Section 3.2, we develop a model to
study the financial inclusion in the context of formal and informal lending and summarize
the results. We present several extensions in Section 3.3. In Section 3.4, we discuss our

conclusions along with managerial and policy insights.

74



3.2 Model

We consider a market with a bank (also referred to as the “lender” throughout the text)
and a community with N consumers (referred to as the “borrowers”). The bank provides
individual or group loans® and assumes limited liability: It can only collect assets pledged as
collateral for a loan. Borrowers are endowed with one unit of labor® and have the opportunity
to earn a return from an investment into a risky project!?. This investment represents the
idea of developing a micro-enterprise (i.e., entrepreneurial investment).

We assume that entrepreneurs are interested in borrowing a loan and they are heteroge-
neous with respect to their risk of defaulting on a loan. Conditional on their risk level, each
applicant belongs to one of three risk segments: 21, {25, and €23. Without loss of generality,
let borrowers in €23 have high risk, and borrowers in segments 2; and (2, have low risk of
default. Let the number of consumers in §2; be N;, with Z? N; = N. For simplicity, we
denote the entrepreneurial idea consumers in €2; can invest in by project i and the likelihood
of success of the project with p;. Conditional on being successful, project ¢ generates a re-
turn of R;. We will assume that the innovativeness of ideas is correlated with their average
financial return, that is, a more innovative project yields a higher expected return (R;) on
average.!! If individuals choose not to invest into an entrepreneurial idea, they can keep an
2

outside option of earnings .

The risk of a consumer is unobservable to the lender. The inability to screen consumer

8Group lending is the practice of lending to multiple consumers through a single, joint contract where
the risks and returns of borrowers are linked. Group loans are common practice in developing economies.

9Equivalently, this implies that the investment required by each project is 1 unit of a capital resource.

10The project represents an idea or a business.

1 Otherwise there is little incentive for any entrepreneur to invest into the project.

12This income, for instance, may correspond to income from farming for an individual who is considering
opening a small store in a village. We assume that all consumers and the lender are risk neutral and care
only about the expected profit.
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risk is a defining issue in developing markets due to lack of data on the financial history of
thin-file or no-file loan applicants.!® As a screening device for high risk borrowers, the lender
can ask the consumers to pledge a collateral before giving any loans. The collateral serves
as an upfront payment and we assume the lender takes it in non-cash forms. Examples of
collateral in developed economies include household goods, or livestock and land in emerging
economies. It is lost if the borrower defaults.

The bank offers a menu of contracts with (i) a low interest loan with a collateral, or (ii)
a high interest loan with no collateral. Let the interest rates the lender sets for loans with
and without collateral be r; and ro, respectively, where ro > r; must be maintained for the
contracts to be functional in screening. Consumers with low risk ideas and wealth self-select
into loans with collateral to signal low risk. Those who lack sufficient wealth have to take
a loan without collateral even though they may be creditworthy. They borrow at a higher
interest rate since they are pooled with the high risk applicants and are at a disadvantage
in obtaining credit. We assume, without loss of generality, that only consumers in {2; have
the resources to put down a collateral, and normalize the price of the collateral to 1. To
distinguish between these consumers, we will refer to this group as the wealthy and the
remaining consumers as the unwealthy consumers. Here, the term wealth should be read as
relative wealth since in reality most of these consumers may be in need of capital.

A borrower’s risk is jointly represented by the probability of success and the rate of
return associated with their projects. First, without loss of generality, we assume that the

entrepreneurial projects of consumers in the first two segments have a higher likelihood of

13Many countries today still lack credit history or other financial transactions data on consumers either
due to limited number of non-cash financial transactions taking place or due to high cost of recording data
from consumers (Wei et al., 2016).
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Table 1: Consumer Segments

’ Segment | Description

0 Low risk segment with some wealth and productive ideas. These borrowers can
signal their low risk type by pledging a collateral and borrow at a lower rate. If
they invest in their idea, the expected return is nonnegative.

Qs Low risk segment without wealth and productive ideas. These borrowers take on
loans without collateral and at the higher rate. If they invest in their idea, the
expected return is nonnegative.

Q3 High risk consumers without wealth and with non-productive ideas. These
borrowers borrow loans without collateral and at the higher rate. If they invest in
their idea, the expected return is negative.

success compared to those in the third segment:

p1L=D2 =D > D3 = P. (A1)

Second, we assume that the ideas of each segment vary in their innovativeness and thus their
financial return. While those in segments €y, {2, have productive ideas (i.e., ideas which
yield a nonnegative expected return when invested in), the ideas of the consumers in 3 are

unproductive and yield an expected return that is lower than their outside option:

I~

pRi, pRy — 1 >

The characteristics of the three borrower segments are summarized in Table 1. The
segments allow us to study the issues relevant to financial inclusion, entrepreneurship and
social networks. Notice that a lender would like to fund productive borrowers, namely,
consumers in €2; and €25. €3 consists of borrowers who should not receive a loan, since

they have high risk and unproductive ideas. The challenge is distinguishing consumers in
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Q9 from those in €23, since none of these consumers can pledge a collateral and the lender
cannot effectively differentiate between them. When loans are extended to the high risk, non-
productive borrowers (£23), this leads to an overinvestment problem: consumers who should
not obtain loans receive loans and generate economic losses on average from their borrowing.
If the bank acts conservatively to avoid the overinvestment problem, it can run into the
opposite problem of underinvestment, where productive borrowers (in €, and under some
conditions in ;) are excluded from financing. This second outcome is equally undesirable
since it reduces the innovative output and may prevent capital-constrained consumers from
growing economically.

Faced with difficulties to access credit, borrowers in emerging economies often turn to
informal sources, friends, family, or other lenders. We will consider a market where due to
their ability to borrow at low rates, consumers in €2; lend to their contacts with productive
ideas in €25. In this scenario, the borrowers in €2; lend to friends instead of investing in their
ideas. The magnitude of this “leak” will depend on the social structure and the degree of
mixing among the segments: if the individuals who are unwealthy have more contacts in
1, they have more informal borrowing opportunities. By extending credit to the low risk
segment €)1, the lender creates a competition for itself in the informal lending market. We
will explore how the presence of this outside informal market influences the innovativeness

of ideas realized.

3.2.1 Individual Loan Contracts

First we consider lending via individual contracts without consideration of leaks (i.e., assum-

ing no monetary transfers between consumer segments). The expected payoff for borrowers
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in segment €2, from borrowing and investing in a microenterprise respectively is:

~—

Loss of other income

p(Ri—m) + ([1=p)(=1) — u (12)
———

Exp. return if successful  Exp. loss if unsuccessful

The first term in the expression is the expected payoft if the project is successful. The second
term indicates the loss of the collateral if the project fails. Additionally, investment into an
enterprise implies the loss of the outside option.

For consumers in 5, a similar expression for the expected payoff can be written by

plugging in the corresponding rate terms and expected loss of outside income:
p(Rz — 7’2> — U. (13)

The lender is profit maximizing by setting the interest rates to extract consumer surplus.

The rates for the two segments are obtained by solving the following two equations:

p(Ri—r)+ (1 —p)(-1)=u (14)
p(Ry — 1) =1
This defines the optimal interest rates:
| @
ro=R— - -~ 41, (15)
p P
U
rg =Ry — —. 16
2 =Ry~ (16)

The rates depend on the innovativeness of ideas, probability of success, and the outside
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option of the borrower. The lender incentivizes borrowers to put down a collateral if the
return on borrowing with a collateral is higher than borrowing without it. Formally, the

incentive compatibility condition should satisfy

?(Rl —r)+ (1 - p)(—ll > p(Ry —13) (17)

~
Exp. return from the secured contract Exp. return from the unsecured contract

The LHS in this expression is the expected return on borrowing a loan with and the RHS is
the expected return on borrowing a loan without a collateral. Solving the inequality yields
that for secured loans to be offered, ro —r; > %—1 must hold. Otherwise, consumers in group
Q1 would benefit from not revealing their low risk-type and would borrow the zero-collateral
loan, pooling with other borrowers. The financial firm would be worse off in this condition
since it would lose its ability to detect low-risk consumers. Proposition 3.20 formally states

the condition for the lender to effectively screen applicants, i.e., to satisfy ro —rq > ]l] — 1.

Proposition 3.20. (Condition for Screening Consumer Risk) For financial firms
to effectively screen consumer risk and offer secured contracts, the productive but unwealthy

consumers’ ideas must be more innovative than those of the wealthy. Formally,

Ry > Ry (AB)

should hold. When this condition holds, the interest rates for the secured and unsecured

contracts are r, = Ry — 117 — % +1 and ry = Ry — %, respectively.

We have a separating equilibrium when the low risk entrepreneurs can signal their type
by putting down a collateral. When R, > R; holds, consumers in 2; have an incentive to
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reveal their low-risk type. While consumers in {25 would benefit from pretending to be a
borrower in segment €2, they cannot do so without putting down a collateral. To realize
their investment, they need banks to offer unsecured loans which do not require a collateral.
To offer an unsecured loan, a bank’s expected return must be higher when offering both
contracts. Proposition 3.21 below describes the conditions under which a profit-maximizing

lender offers secured and unsecured loans.

Proposition 3.21. (Full Financial Inclusion) When the lender is offering secured loans,

it will also offer unsecured loans if ideas of the middle segment are innovative such that:

Ry> Ly (A4)

]
bR

_ No
where p = NP

N ~ . . . . . .
P+ v P Under this case, full financial inclusion can be achieved since

all the consumers in the market can find a product offering that is targeted at them.

Proposal 3.21 shows a condition that results in full financial inclusion, or the condition
for the bank to offer both types of contracts. Key insight is that financial access relies on
the innovativeness of the ideas of those in relative poverty who cannot signal their credit-
worthiness by pledging a collateral, and are indistinguishable from those with high risk. The
term p on the RHS of the condition (A4) is a weighted average of the success rates of these
two segments, p and p, where the weights are their proportion in the market. The higher the
weighted average success, the more likely a market is to reach full financial inclusion. This
is desirable from a policy maker’s perspective. If the productive segment has ideas that are

financially more attractive (higher Ry) or of lower risk (higher p), this compensates for the
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expected losses from the unproductive segment. Markets in which the ratio of productive

No
N2+N3

unwealthy is higher (higher ) or in which the productive ideas have a higher likelihood
of success (higher p) are more likely to have unsecured loans.

Full financial inclusion, as condition (A4) demonstrates, implies a loss on average from the
unproductive consumers in segment ()3 and is resulting in an overinvestment problem. The
losses associated with lending to 23 are cross-subsidized by the return from the productive
entrepreneurs. In particular, whenever the rates associated with unsecured loans are low,
this may contribute to the adverse selection problem where high risk consumers have an

incentive to borrow because

p(Rs —1m) >0 (18)

is more likely to hold (Ghatak, 2000; de Meza et al., 1987). Corollary 3.1 formalizes the

conditions that feed into the overinvestment problem with individual loan contracts.

Corollary 3.1. (Overinvestment Problem) The overinvestment problem arises when
high risk consumer’s ideas are sufficiently more innovative compared to that of the unwealthy

low risk consumers:

11
Rg—Rgza(T——). (A5)
pop

The corollary emphasizes a trade-off. On the surface, it may seem like the bank would
prefer all entrepreneurs in the market to have highly innovative ideas. But if the unpro-

ductive borrowers have innovative projects, they are incentivized to borrow and cannot be
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distinguished from those in €2;. The return from their investment increases their income
although it wastes the resources of the bank. This creates undesirable results for the lender,

although may be preferable from the perspective of a policy maker.

3.2.2 Impact of Informal Lending on Entrepreneurial Activity

When unsecured loans are not available or lending rates are very high, borrowers may use
alternate financial products. A common alternative is informal lending, where wealthy con-
sumers borrow and lend to others. The emergence of informal lending is endogenous to the
conditions of formal lending. In this section, we study what conditions motivate informal
lending and how it shapes entrepreneurial output in a market.

Consider a consumer who can borrow from a friend instead of the bank. We assume
that if two individuals are friends, they know each other’s risk type, in line with Wei et al.
(2016). Informal lending takes place when the consumers in segment €; (i.e., those who
borrow at a lower rate) lend to their friends in segment ) instead of investing in their
project. A necessary condition for exchange is that the middle segment’s projects must be
more innovative than those of the first segment (i.e, Ry > R;). In this case, consumers in
1 can expect higher returns from lending to {23 compared to that from their investment.
If Ry < Ry holds, the highest interest rate that borrowers in {25 are willing to borrow at is

Ry — %, And even if the bank offers the same interest rate (as in the case with no leaks),

hSEIN

those in segment ; will not lend to segment §2,.14

Via informal lending, consumers in 2; earn rent from the ideas of the productive un-

141n reality, the reasons for lending to friends may not be financial. For example, individuals may lend to
their friends for reasons such as altruism, desire to help a friend or a family member, or due to utility from
betterment of friendship. In the current section, we make the conservative assumption that the only reason
for lending to others is financial gains, but we consider alternate motivations in Section 3.3.2.
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wealthy. So there is some social arbitrage taking place, where consumers who know their
friends better than the bank knows them take advantage of this informational friction. For
banks, consequences of informal lending is ambiguous. On the surface, it generates losses
from to consumers borrow from friends. At the same time, it can charge the wealthy higher
rates, since they can earn higher returns by lending to friends. A consequence of informal
lending is that it results in a decline in the entrepreneurial activity of the first segment (£2;).

Recall that informal transfers can only happen if Ry > R;. So the bank (indirectly) funds
more innovative borrowers. As some of these borrowers turn to earn rents from informal
lending, the number of individuals who are investing in a microenterprise is lower. So the
average funded project is more innovative (have a higher return associated with it when
there is informal activity). This may explain why venture capital investment is flooding to
emerging economies, which typically hold informal activity (Kho, 2011).%

To model informal lending, we denote the probability that a consumer in €2 is friends
with a consumer in €y by ¢.'® This parameter also represents the degree of mixing between
the segments or the social classes according to wealth levels, and is common knowledge. We
assume that each borrower in {2y can be friends with one consumer in €2y, but this is not a
restricting assumption.!” Let’s denote the borrowers in €; (€23) who have friends in Qy (€2;)
by Qf () and their friends by Q3(Q%). Let’s represent the remaining consumers in ()
by Q7*(Q5*). Formally, Q) = QfUQ;* and Qs = Q5 UQ5*. The connections of the consumers

in 23 do not influence our analysis qualitatively. This is because if a consumer ¢ € ()3 is

15 According to a report by World Economic Forum, in 2015 the countries that made a big jump in
attracting venture capital were the emerging economies, doubling their total investment in a year (Vanham,
2015).

16 Although we use the term friend, a broader category of social ties is considered.

1"With more than one social contacts, the key results would still hold qualitatively.

84



connected to another consumer, then her friend knows that ¢ has a high default risk and an
unproductive idea, so he will not lend to her. So borrowers in {23 can only obtain loans from
the bank.

The lender can follow various strategies each of which is associated with a different
payoff: (1) offer only the secured loan, (2) offer only the unsecured loan, and (3) offer both
the secured and the unsecured loans. We will analyze each one of these strategies next. We

will compare when the lender earns higher profits after studying all strategies.

Lender Offers Only Secured Loans. If the lender chooses to offer only the secured
loan, it can only serve wealthy consumers (€2;). But it can adjust the terms to (1) serve all
consumers in §; or to (2) only serve consumers in Qf. By choosing the latter, the lender
is capitalizing on the relationships between these consumers and sets the borrowing rate
higher.

If the lender wants to serve all consumers in €2;, he can set the interest rate to r; =

Ry +1-— %. Its expected payoff is

A

H11 == Nlp(T1 — 1) = Nl(pRl —Uu— ].)

Alternatively, the lender can only lend to €2} at a higher rate, and earn rent through

informal lending. In this case, it sets the interest at 11 = Ry + 1 — Il)

borrowers in 2} find it worthwhile to take a loan. Then the expected payoft is

Iy = gNip(r1 — 1) = gN1(pRy — u — 1).
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Lender Offers Only Unsecured Loans. If the lender chooses to offer only unsecured
loans, he also has two options, (1) serve all consumers, or (2) only serve those in Q2 and 3.
(As we will show, it is not profitable to serve only €2;). If the lender chooses to serve all
consumers, it would set the interest rate low at r, = Ry — % to attract the entire market. In

this case, the expected profit is:

Iy = (N1 + No)(p(Ry — 23) — 1)+ N3(p(Ry —

N

)= 1.

U
p
If it chooses to exclude €2y, it can set the interest rate higher at ro = Ry — %. In this case, it
is not profitable for consumers in €}y to borrow because p(R; — r3) = p(R; — Ry + %) < U.

So the profit of the lender is:

My = No(p(Rs — §> 1)+ Ny(p(Rs — %) 1),

Lender Offers Both Secured and Unsecured Loans. If the lender chooses to offer
both secured and unsecured loans, he has three options: (1) serve all consumers, (2) serve
all consumers in €, or (3) to serve a portion of consumers in €. Before we can calculate
the expected profits of these three options, we analyze how the lender sets interest rates.
As long as the borrowers in {2; lend to their friends at a rate lower than the bank’s rate,
their contacts in 29 will borrow informally. To eliminate informal lending, the bank must
set its rates such that customers in €2y prefer not to lend to their friends. If the bank chooses

to offer secured and unsecured contracts together, to incentivize borrowing of both groups,
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it should ensure a nonnegative expected return:

1 _
T1§R1+1———g, (19)
p p
TQSRQ_E. (2())
p

Under these conditions, if borrowers in §2; expect lower returns from lending to their contacts
compared to that from investing, there will not be an informal market. Since the highest
rate a borrower in segment (2 can charge to a borrower in {2y is ry (otherwise the borrower
would opt for the unsecured loan offered by the bank), consumers in €2; would prefer not to

lend to friends if:

plro—m)—(1—-p)+u < p(R—r)—(1-p) (21)

'

~
Exp. return from lending to a friend Exp. return from entreprenial activity

If the inequality holds, informal lending will not exist. The left hand side of the inequality is
the expected return from lending to social contacts taking into consideration the collateral
and the ability to keep outside income. The right hand side is the expected return from
investing in the entrepreneurial idea taking into account the loss of outside income. Com-
bining the constraints in Equations (19)—(21), the interest rates which maximize the lender’s

payoff while eliminating informal lending are:

.
r=Ri+1-=——, (22)
p P
U
ro =Ry —— . 23
2= - (23)
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In this case, the expected payoff becomes

)= 1) Nalp(s =) = 1) 4+ No(p(R = —) = 1)

|

I3 = Nl(p(Rl -

If the lender does not want to compete with informal market, he can raise the interest

rate of unsecured loans to ro = Ry — 2. Then consumers in 5 will borrow from their social

contacts and the expected payoff for the lender is

U U . U
32 = Ni(p(R1 — ];) —1) 4+ (N2 = gN1)(p(R2 — =) — 1) + N3(p(R2 — 5) —1)
If the lender further does not try to serve customers in {2;*, he can raise the interest rate

of secured loans to r;, = Ro+ 1 — zlo — % so that he can get all surplus from €2]. The expected

payoff is
U U . U
33 =gN1(p(R2 — =) — 1) + (No — q¢N1)(p(Rg — ;) — 1) 4+ N3(p(R2 — ]—9) —-1)
U . U
=Ny(p(Ry — =) — 1) + N3(p(R2 — 2;) —1)
pR1—u—1 * pRl—ﬂ—1+N2+N3 ﬁ(Rl*%)*l d * — Na+N3 p(Ra—R1)
B=pR—u—1" M pRo- 51 MU= TNy )1

x _ No+N. p(Ro—2)—
Let q = 2N1 SP(RQ,g),
Then the lender’s optimal strategy can be summerized in the following proposition:

Proposition 3.22. The density of social connections determines the degree of financial

inclusion and the segments served by the lender. Specifically, when conditions (A1)-(A5)

hold, the contracts offered and the coverage in the market are laid out in Table 2.
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Proposition 3.22 shows that the density of social connections will influence informal
activity, which in turn influences financial inclusion, types of loan contracts offered, and
the rates at which individuals can borrow. In Figure 14 we demonstrate the relationship
between the innovativeness of projects, density of social connections and the lender’s optimal

strategy.

Proposition 3.23. (Informal Lending and Volume of Entrepreneurial Activity)
In a market with informal lending, the volume of entrepreneurial activity is lower compared to
that in a market without informal lending. The average innovativeness of the entrepreneurial

ideas, however, is higher.

With informal lending, the overall volume of entrepreneurial activity of the first segment
is reduced. On the upside, informal lending corrects for the inefficiencies in screening of
innovative ideas. Borrowers in ), provide loans to those in segment €2, only if the return
on their own ideas is lower than their contacts. As a consequence, the projects which are
funded are, on average, more innovative. Thus informal lending facilitates transfers from the
less innovative to the more innovative ideas. Higher innovation may result in higher quality
services and products to be offered to consumers. We next highlight the conditions for the

lender to eliminate the informal market in Proposition 3.24.

Proposition 3.24. (Preventing Informal Lending) If R, > %—l—%, Ry—R;, < (L [p(Rl -2 = 1]

N2+N3)p
and q¢; < q < g3, the lender can offer both secured and unsecured contracts at rates

u u

rm=R+1-— % - and r9 = Ry — ]—; and prevent informal lending.
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Figure 14: Lender’s Optimal Strategy vs. Density of Social Connections
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FR <Z+lorR>%+Land Ry~ R > % [p(R1 — ) 1], the relation

A
RS

a
p
between financial inclusion and the density of social ties can be summarized in the following

proposition.

Proposition 3.25. (i) If Ry < ©+1, or Ry > "+ L and Ry~ Ry > (5 [p(Rl —) 1],

financial inclusion becomes more restricted as the density of social ties, q, increases.

(i) If Ry > 24+ = and Ry — Ry < (L [p(Rl — %) — 11, the relation between financial

N2+N3)p

S|
S

inclusion and the density of social ties is ambiguous.

Part (i) of Proposition 3.25 states that as the density of social connections (¢) increases,
access to financial services from formal lenders can become more restricted in an economy.
In particular, if ¢ < ¢7,q5, only the middle class (i.e., unwealthy productive consumers) with
social connections to productive unwealthy (£2%) are not served by the formal lender. When
the density increases such that ¢ < ¢ < ¢j or ¢f < g < g3, the lender gives up on more
consumers (7%, Q3* and Qg, respectively). If ¢ > ¢} and g >¢3, only Q} obtains financial
products. So in markets with higher density of social connections, formal financial access is
granted to a smaller segment of the society. This implies a loss on entrepreneurial volume,
since a total investment of ((1 — q)N; + N3) is wasted.

Restricting access to financial services results in an underinvestment problem, for two
reasons. Firstly, some productive unwealthy consumers (23*) are deprived of loans. These
are the individuals without social connections to obtain informal loans. If the conditions in
Proposition 3.25 hold, then the lender does not want to compete with the informal market
and offers a pooling contract to €23* and 3. When ¢ is large, the number of consumers in

5" is small, so the profit from lending to 25" is not sufficient to compensate for the loss
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from lending to €23. The lender then gives up on both segments. Second, consumers in
Q7" lose their funding altogether, since the lender is fully aware that it can charge a higher
interest if it gives up on these consumers. When the density of social connections ¢ is high,
it is profitable to choose this strategy. In both cases, the volume of innovative activity goes
down, because there are fewer individuals who borrow to invest in ideas.

It is important to clarify the role of the consumers in group 23 and how they influence
the entrepreneurial investment opportunities of the other two segments. Recall that (23
represents the consumers with unproductive ideas. These are the consumers whom the
lender would want to avoid, if it could, in lending. However, the lender cannot distinguish
between the consumers in 2, and 3. When some individuals in €; lend to their contacts
in 25, the lender attains a lower profit from offering unsecured loans. As a result, it is not
willing to offer unsecured contracts when there is strong informal lending activity. A model

that omits the existence of this group would falsely conclude that the bank’s payoff from

offering unsecured loans would not change in the existence of informal lending.

Part (ii) of the Proposition 3.25 states that when R; is large but Ry — R; is small, the
relationship between financial inclusion and the density of social ties is ambiguous. If the
density is small such that ¢ < ¢} < g3 , only the productive unwealthy with social connections
(Q%) are not served by the formal lender. When ¢ is larger (¢; < g < ¢3}), the lender will
compete and prevent informal lending. When ¢ is even larger (¢; < ¢; < ¢), only 2] obtains
service.

Why is the relationship between density and financial inclusion different between parts
(i) and (ii)? It is because the subjects of comparison are different in the two corollaries.

When R; is large, serving all borrowers is more attractive than serving only €2;, even at a
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low interest rate (R; — %) When the difference between R, and R; is small, lender prefers
to serve all borrowers, charging a lower interest rate rather than giving up on N; borrowers.
Thus an increase in the density of social connections results in two effects. First, the cost
of giving up on consumers in 25 increases. Second, the profit from only serving €2} at a
higher interest increases. When ¢ is small, the first effect dominates, but when ¢ is large,
the second effect takes over. So, as ¢ increases, the bank first serves more consumers (£23)

but then serves only 2}.

3.3 Extensions

In this section, we consider other characteristics of markets in which access to credit is a
problem. First we consider the use of joint liability contracts and how it alters financial
inclusion as well as the over and underinvestment problems, compared to individualized
contracts. Second, we consider heterogeneity in the strength of ties and motivations for
lending to see how robust our qualitative findings are to these factors. To focus on markets

with challenges to credit access, we will make the following assumption:

R <-4+ - (AG)
p p

This assumption eliminates the trivial cases where the lender serves all consumers charging

a low interest rate.
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3.3.1 Joint Liability Contracts and Entrepreneurial Activity

As an alternative to individual contracts, banks may offer joint liability contracts, which are
also known as “group loans”. These contracts ask borrowers to form a group such that they
are jointly liable for each others’ loans. As such, when individuals’ borrowing risks are joined
through the terms of the loan, these contracts alleviate risk by addressing adverse selection
and moral hazard issues introduced by informal lending. With joint liability contracts, the
task of screening applicants is delegated to borrowers who have private information about
their contacts’ risk types. They screen candidates with low risk and prefer to borrow with
them. We represent a joint liability contract with (7, ¢). The term r represents the individual
liability or the interest which the borrower must pay back to the bank. The contract is
structured such that if the project of the borrower succeeds, he agrees to pay an additional
joint liability fee of ¢ per member of his group whose project has failed. If his own project
fails, then he pays nothing.

Subsequently, we study the conditions for when joint liability contracts can improve
consumers’ access to loans and can improve entrepreneurial activity.

We first consider a market in which the lender offers joint loans instead of an unsecured
loan to screen for risk, and assume no informal lending. The analysis we carry out will hold
the conditions the same with those assumed in Section 3.2.1 ((A1)-(A5)). Joint loans screen
the risk the consumer risk through friends selection of choosing to undersign the contract
with another person. Since consumers hold private information about their social contacts
and their financial health, they would rationally choose to borrow with others who have at

worst the same risk with them (Ghatak, 2000). Since a low risk consumer would not want
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to group with a high risk consumer, groups cannot be formed unless two borrowers of the
same risk come together. Otherwise, one party will not be willing to undersign the loan. So
consumers in €2y will form groups with only consumers in {2 and not with the consumers
in 3. As such, joint liability contracts lead to positive assortative matching in borrowing
groups and help the lender to indirectly sort the market in risk groups.

Similar to our benchmark model, the terms of the optimal joint liability contract is
determined such that consumers in €2y can be served while those in ()3 are driven out of
the market. We will solve the model for a group of two consumers, but the intuition and
modeling approach hold for groups of more than two people as well. For consumers in €2,
the participation constraint to undersign a joint liability contract implies that their expected

return should exceed their outside option:

p*(Ry — 73) + ?(1 —p)(Ry—19—c) > (24)

vV
exp. return when both borrowers are successful  exp. return when co-borrower fails

{=

outside option

To reduce the overinvestment problem, the lender sets the rates such that the unproduc-
tive borrowers are discouraged. For the entrepreneurs in (23, the expected return falls short

of outside option if:

P*(Rs —12) +p(1 —p)(Rs — 19 — ¢) < 1. (25)

Moreover, limited-liability constraints require return from an investment to be nonnegative:

RQ_TQ_CZO,

Rs—ry—c>0.
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When (A5) holds, R3 > Rs and the constraint R3—ro—c > 0 is satisfied anytime Ry —ro—c >
0 is satisfied.

Compared to individual liability contracts, joint liability contracts work in two additional
ways for the lender to screen out those with high risk. First, a borrower’s expected return
from borrowing under joint liability depends not only on his, but also on his peer’s success
(i.e., jointly p? or p?). Altogether, the probability of success is lower. Second, if the project of
the co-borrower is not successful, a borrower incurs a cost of c. These increase the lender’s
ability to screen applicants since only those with sufficiently high return and probability
of success choose to borrow. Thus joint lending is more stringent compared to individual
liability contracts. With joint lending, the conditions to resolve overinvestment problem is

given in the following proposition.

Proposition 3.26. (i) Joint liability contracts prevent overinvestment problem iff

11
2 )

Rs — Ry <]§Z_L(
p

(A7)

(ii) Joint liability contracts are more effective than individual liability contracts in preventing

the overinvestment problem if

11
PP

Rg—f‘ﬁﬂ( )>R32R2+ﬁ( —

| =
| =

Proposition 3.26 sets a condition comparable to Corollary 3.1 about preventing the over-
investment problem. Similar to the condition defined for individual contracts, the difference
in the returns of the ideas of the productive and unproductive unwealthy applicants should
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be sufficiently small. Suppose conditions (A1)-(A4) hold and that all parameters, except
for R3, are given. Even though the risky borrowers’ projects are unproductive, they can be

sufficiently innovative, implying that Rz can still be high. When Rj is small (i.e., when it is

smaller than Ry + ﬂ(% — 1)), these projects are unattractive, and individual or joint liabil-

)), contracts are not useful for the bank

1

ity contracts are not useful for the individuals in €23 because neither contract is profitable.
2

3
o

When Rj3 is greater than or equal to (Rg + pu( -
to prevent overinvestment problem, because neither joint nor individual contracts can drive

the consumers in 3 out of market. When the return Rj is intermediate (i.e., in the range

) and Ry + pu( — %)), joint liability contracts are more efficient than the

1
p p

—1
Ry +u(z — 5
individual liability contracts in preventing the overinvestment problem due to the additional

benefits in screening.
How does joint liability change the borrowing rates, compared to individual liability

contracts? When there are no leaks, for borrowers in €2;, the rates remain identical in

SIS

joint and individual contracts. But for borrowers in {25 and ()3, the rates may vary. When

), the bank cannot prevent the overinvestment problem and therefore

L

Rs > Ry ‘Hﬁﬂ(# — =
these consumers borrow at the same rate they did with individual contracts, ro = Ry —

bS]

— 1), the bank can drive the applicants in 3 out of the market with a

If R3 < Ry +ﬁﬂ(}% .
joint liability contract with the following terms:

U
T2 :R2 G Y)
U
C =—:.
2
p

So when R3 < Ro+ ﬁﬂ(# — z%)’ the borrowing rate ry for the unwealthy consumers is lower
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The bank can still extract all of the surplus of {25, and they do not need to compensate for

those in 3.

3.3.2 Strength of Ties and Other Motivations for Lending

In our benchmark model, we assumed that all informal lenders are identical, independent
of the type of social relationship with the borrower. In reality, the strength of ties of social
connections may matter and change the formal and informal lending environment. Our main
model focuses on the density of social connections (the degree of mixing between classes)
when studying informal loans. It is natural to consider that informal borrowing ability
is determined not only by the proportion of other segment consumers, but also how one
knows these consumers. For instance, close family and friends may extend loans with zero
interest. Alternatively, some may lend for reasons like altruism or investing into a personal
relationship. In this section, we explore how the strength of ties influences informal lending.
We also formulate individuals’ additional utility from social capital when their friends and
family gain wealth.

For formal lending only the strength of ties between the consumers in €2; and €2y matter.
Suppose ¢ € € is linked to 7 € 5. Let the returns from lending be joint for these two
individuals, that is, ¢ cares not only about his personal payoff but also about the expected
payoff of his friend, j. We denote the strength of tie ij by t;; € {0,1}, where ¢;; = 1 implies
that the tie between 7 and j is strong and otherwise the tie is weak. Consequently, connected
consumer subsegments can be separated into two groups conditional on the strength of their
tie. Q7 is divided into Q2 and Q3; and Q3 is divided into € and % where borrowers

(Q%) have strong (weak) ties with friends in % (€3). Let a be the probability that a tie is
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strong. Then, the probability that a consumer in €); is strongly (weakly) linked to another
consumer in €y is ag ((1 — a)q).

We assume that borrowers with weak ties still only care about the expected return and
we represent the utility of borrower ¢ from lending to a friend j at rate 7 with strong ties as
a composite term of the expected return from lending to his friend (£;) and the return of

his friend on her investment f(£}):

Ui(F) = Ei + f(E;).

Similar to our benchmark model, the individual return of customer ¢ depends on the proba-

bility of success of the friend’s investment, keeping the outside option:

E,=p(f—r)—(1-p+ua

or,

Ei:p(f—TQ)—i‘l_L

This expression represents the case in which customer ¢ borrows the unsecured loans and
then lends to his friend. p(7 —r3) is the expected return if the project of his friend succeeds.

The return of j from her entrepreneurial investment is:

Ej = p(Rg — f’)

dU; (7)
dr

For simplicity, we assume that < 0 and f(E}) is large enough, so the borrowers with
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strong ties are always willing to lend to their friends with the lowest interest rate. It is easy
to check that the lowest interest rate is r; — @ or r9 — @ because customer ¢ can use other
income # to help his friend pay interest.

The lender still has three different kinds of strategies: (1) to offer only the secured loan,
(2) to offer only the unsecured loan, and (3) to offer both the secured and the unsecured

loans. We discuss the lender’s optimal strategy in Proposition 3.27.

_pRi—u=1
pu+pRo—tu—p’

pRo—u—1

_ prio—u—1 pR1—u—1
pu+pRe—u—p

pu+1—p

« _ pRy—u—1

Proposition 3.27. Let o] = and o = EE=—.

b ;O
When conditions (A1)-(A7) hold and consumers with strong ties are willing to offer the lowest

interest rate, the optimal strategies of the lender and the resulting financial inclusion outcomes

are summarized in Table 3.

Table 3: Density of Social Connections and Financial Inclusion with non-financial Utility

\ Density of Social Connections \ Segments Served ‘

a > o andazéqf Q“{

120,920 | a>a andoz<%qf,ora<oz§ andaZ(l—%qf)ag QF, Q/Q% and Q3
a<ayand a < (1—%q{)a§ Q.
o > %q’{ and o > %a’{ Q7

q24q9<q aZéoﬁ{ andoz<%qf, ora<%a}‘ andaZéaj(l—qf) QF, Qy/€Q% and Q3
a < éoﬁ and a < %ai(l—q{), 0

¢ <q a> %ag—aj QF, Qy/€Q% and Q3

! a < iog — ) Qq, Q5 and Q3

We can see that when the proportion of consumers with strong ties (QT) are large enough
(g > ¢ and aqg > af = ¢5ad ), the lender will choose to give up on all other consumers and
only serve Q’{ When the density of social connections decreases (through either « or ¢), the
lender will choose to lend to more consumers. Eventually, when o < %o{r‘; —aj and ¢ < ¢f,
the lender will only give up on €23.
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So how do alternative motives influence financial inclusion? Motives such as helping
a friend create additional competition for the lender, creating the pressure at first to cut
down on rates, and thereby helps consumers to access credit. If the utility from other
motives increases further, it reduces the attractiveness of investing into income-constrained
consumers, resulting in the bank pulling out of these markets and an overall limitation in the
access to financial products. As a consequence, the entrepreneurial opportunities decrease
in this market. Strength of ties, on the other hand, creates an additional condition which
influences the availability of funds. For the same level of mixing between the segments, if
individuals generally hold stronger ties, financial access will be more limited with the same

intuition.

3.4 Conclusions and Key Insights

Few sectors serve as vital a purpose as financial services do for the well-being of consumers;
enabling their everyday transactions as well as life-long investments. Unfortunately, a sig-
nificant number of consumers around the world lack access to financial services to realize
any significant investments into their future. The World Bank estimates this number to be
around 2 billion'®. These consumers lack the ability to obtain loans for an entrepreneurial
investment, even though some of them are perfectly creditworthy. Among top reasons for
the lack of credit is imperfect information of lenders about consumers risk and inability to
screen applicants. As these consumers cannot borrow from banks, they end up borrowing in-
formally from other resources, and it is not how it influences access to financing from formal

sources and entrepreneurial output. Informal credit is easy to access since it can be provided

8Source: http://www.worldbank.org/en/topic/financialinclusion/overview
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by anyone without any formal screening process, or having to comply with any regulations.
There is often no legal process to be a loan provider. Moreover informal loans do not require
a collateral.

In this paper, we study how the availability of informal opportunities influences the type
of contracts offered in a market as well as the borrowing terms for consumers. Studying
the reasons behind the success of entrepreneurial investment is particularly important when
consumers face stagnant poverty. As the available contracts change, the volume and innova-
tiveness of the entrepreneurial activity also change in a market. A number of earlier studies
pointed out to the problems resulting from the existence of informal markets (Aleem, 1990;
Karlan and Zinman, 2008; Ayyagari et al., 2010). Our findings show that while informal
borrowing can reduce the volume of entrepreneurial activity, it also increases the quality
of funded ideas. This is because informal lending takes place only when the wealthier con-
sumers find it worthwhile to lend to others if they find arbitrage opportunities. As a result,
surviving and funded ideas are more innovative and are associated with higher returns.

To study how financial inclusion changes with informal lending opportunities, our model
uses a parameter indicating the density of connections in a society, or the degree of mix-
ing between the (relatively) wealthy and the unwealthy consumers. When formal lending
fuels informal exchanges as opposed to investment in microentreprises, the volume of en-
trepreneurial activity by the wealthy is reduced, but indirectly, these informal funds support
the entrepreneurial activity of those with lesser wealth. Through informal lending, con-
sumers with productive ideas can obtain loans. So banks indirectly fund the entrepreneurial
ideas associated with higher returns. When the volume of informal lending is small to mod-

erate, it helps to reduce the cost of entrepreneurship since lenders are in competition with
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the informal market. As the informal borrowing opportunities increase further, however,
the lender pulls out of the unsecured lending market and restricts credit access. This is
because it can earn higher profits if it lends to the wealthy at a higher rate. By restricting
the credit access of the unwealthy, the bank creates opportunities for the wealthy to lend
to these consumers. So some of the wealthy low risk consumers choose not to invest in an
SME and only a portion of the unwealthy who can borrow informally can pursue their ideas.
Entrepreneurial activity is reduced. Despite the low volume of entrepreneurial activity, in
this case, the average investment is more innovative and is associated with a higher return.

To our knowledge, our paper is the first to study financial inclusion and the impact of
informal lending. Our results in part explain the low financial inclusion observed in emerging
countries with collectivist cultures where informal lending is common practice. It predicts
that a more active informal market will discourage banks from extending loans to the overall
population. As a result, small business investment in these countries remain low and many

individuals face permanent poverty.

Policy Relevance. Expansion of financial inclusion is a priority for many NGOs. The
Obama White House also declared that access to safe and affordable financial instruments is
a high priority. Governments such as the one in India battles through their Central Bank to
prevent informal money lending to spread access to the formal banking system (Parussini,
2015).

One important consequence of lack of credit access in both United States and around
the world is the reduced investment into activities which can help low income consumers to

move permanently out of poverty, such as investment into a small family owned business.

104



While there has been some improvement in the past decades, financial inclusion is still low
in many countries. We show that the underlying reasons behind low financial access have
to do with the outside borrowing options. In a tight community, the informal opportunities
created can incentivize firms to pull out of markets.

Surveys from developing countries show that informal lenders generally charge interest
rates that are higher than the interest rates charged by institutional lenders. This difference
raised interest from the managers and policy makers. Our study explains precisely why it is
rational to expect such a gap in the interest rates. It is because the banks close their doors
to those who cannot borrow without a collateral, and further increase the interest rates on
the wealthy who can. As some of the wealthy choose to lend to others at a higher interest
rate (than their borrowing rate), interest rates are elevated for all consumers.

One consideration for managers and policy makers to reduce informal lending activity is
to improve the ability of the banks to screen candidates, and thereby reduce the information
asymmetry problem. Alternate contracts (such as group borrowing opportunities) and use
of new and big data methods to evaluate consumer risk more precisely (Wei et al., 2016
can reduce the adverse consequences of information asymmetry. We saw in the analysis that
because of the imperfections in screening, the lender did not always have an incentive to cut
interest rates even though it could increase its market share. But if the lender could increase
its screening power, it could try to serve a larger portion of the market and can cut down
on the interest rates without having to worry about the overinvestment problem.

Moreover, on the demand side, borrowers are generally not well-informed about the
problems about screening applicants. By voluntarily providing more information about

themselves - through opening of savings accounts, borrowing and repaying small amounts
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- consumers can help to resolve some of the information asymmetry problems and improve

their chance of attaining credit when they need it.

Future Research. Since they have such wide consequences for a consumer’s quality of
living, issues related to access to finance are at the heart of entrepreneurship. Considering
the importance of both consumer finance and innovation, it is surprising that in literature,
the studies focusing on these topics, particularly the relationship between them are relatively
rare (Hauser et al., 2006). Recent studies are focusing on expanding credit access and its
outcomes (Wei et al., 2016), but given the importance of improving financial access, there
is a need for additional analytical and empirical studies which can expand the scope of
the literature. Future studies can focus on other key aspects of the developing economies
and their challenges, focusing on stagnant gender or racial discrimination issues. Difficulty
in accessing credit could well be the reason for the lower innovative output observed in
developing economies. There is a need for future research which can address these additional
problems. Moreover, while our study captures the benefits of joint lending about overcoming
information asymmetry, the literature (e.g., Ghatak, 2000) argued that there are some other
benefits such as monitoring or enforcement of repayment. We do not study these issues in

this study and future studies may also consider these benefits.

106



References

1]

Abeler, J., Becker, A., and Falk, A. (2014). Representative evidence on lying costs.

Journal of Public Economics, 113, 96-104.

Acemoglu, D., Ozdaglar, A., and ParandehGheibi, A. (2010). Spread of (mis) informa-

tion in social networks. Games and Economic Behavior, 70(2), 194-227.

Acemoglu, D., Como, G., Fagnani, F., and Ozdaglar, A. (2013). Opinion fluctuations

and disagreement in social networks. Mathematics of Operations Research, 38(1), 1-27.

Ahlin, C. and Jiang, N. (2008). Can micro-credit bring development? Journal of

Develop- ment Economics, 86(1):1-21.

Aleem, I. (1990). Imperfect information, screening, and the costs of informal lending: a
study of a rural credit market in pakistan. The World Bank Economic Review, 4(3):329-

349.

Allcott, H., and Gentzkow, M. (2017). Social Media and Fake News in the 2016 Election.

Journal of Economic Perspectives, 31(2), 211-236.g

Ambrus, A., Mobius, M., and Szeidl, A. (2014). Consumption risk-sharing in social

networks. American Economic Review, 104(1):149-82.

Anderson-Macdonald and Thomson, S. M. (2015). Overcoming skepticism: The effect
of mental construal and message concreteness on credibility and persuasion. Stanford

Uni- versity working paper.

107



[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Anderson-Macdonald, S., Boyd, E., and Chandy, R. (2015). (when) should marketing
and sales report to one top manager? an executive job demands perspective. Stanford

Univer- sity working paper.

Ayyagari, M., Demirgiic-Kunt, A., and Maksimovic, V. (2010). Formal versus informal

finance: Evidence from china. Review of Financial Studies, 23(8):3048-3097.

Banerjee, A. V. and Newman, A. F. (1998). Information, the dual economy, and devel-

opment. The Review of Economic Studies, 65(4):631-653.

Benartzi, S. and Thaler, R. H. (1999). Risk aversion or myopia? choices in repeated

gambles and retirement investments. Management science, 45(3):364-381.

Bindel, D., Kleinberg, J., and Oren, S. (2015). How bad is forming your own opinion?.

Games and Economic Behavior, 92, 248-265.

Bollinger, B. K. and Yao, S. (2016). Risk transfer versus cost reduction on two-sided

micro- finance platforms.

Bolton, L. E., Bloom, P. N.; and Cohen, J. B. (2011). Using loan plus lender literacy
infor- mation to combat one-sided marketing of debt consolidation loans. Journal of

Marketing Research, 48(SPL):S51-S59.

Bose, P. (1998). Formal-informal sector interaction in rural credit markets. Journal of

Development Economics, 56(2):265-280.

Buechel, B., Hellmann, T., and Kl ner, S. (2015). Opinion dynamics and wisdom under

conformity. Journal of Economic Dynamics and Control, 52, 240-257.

108



[18]

[19]

[20]

[21]

[22]

[24]

Buera, F. J., Kaboski, J. P., and Shin, Y. (2015). Entrepreneurship and financial fric-

tions: A macrodevelopment perspective. Annu. Rev. Econ, 7:409-36.

Christen, M. and Morgan, R. M. (2005). Keeping up with the joneses: Analyzing the
effect of income inequality on consumer borrowing. Quantitative Marketing and Eco-

nomics, 3(2):145-173.

Deb, J., and Ishii, Y. (2018) Reputation Building Under Uncertain Mon-
itoring. Cowles Foundation Discussion Paper No. 2042. Available at SSRN:

https://ssrn.com/abstract=2787997

DeGroot, M. H. (1974). Reaching a consensus. Journal of the American Statistical

Association, 69(345), 118-121.

DeMarzo, P. M., Zwiebel, J., and Vayanos, D. (2003). Persuasion Bias, Social Influence,

and Unidimensional Opinions. Quarterly Journal of Economics, 118(3): 909-68.

de Meza, D., Webb, D. C., et al. (1987). Too much investment: A problem of asymmetric

information. The Quarterly Journal of Economics, 102(2):281-292.

Demetriades, P. O. and Hussein, K. A. (1996). Does financial development cause eco-
nomic growth? time-series evidence from 16 countries. Journal of Development Eco-

nomics, 51(2):387-411.

Dugan, A, (2015, April  22).  Conservative  Republicans  Alone on
Global ~ Warming’s Timing. Retrieved January 15, 2018, from
http://news.gallup.com/poll /182807 /conservative-republicans-alone-global-warming-
timing.aspx

109



[26]

[27]

28]

[29]

[30]

[31]

[32]

[33]

Ekmekci, M., Gossner, O., and Wilson, A. (2012). Impermanent types and permanent

reputations. Journal of Economic Theory, 147(1), 162-178.

Feinberg, R. A. et al. (1986). Credit cards as spending facilitating stimuli: A condition-

ing interpretation. Journal of Consumer Research, 13(3):348-56.

Field, E., Pande, R., Papp, J., and Rigol, N. (2013). Does the classic microfinance model
discourage entrepreneurship among the poor? experimental evidence from india. The

American Economic Review, 103(6):2196-2226.

Friedkin, N. E., and Johnsen, E. C. (1990). Social influence and opinions. Journal of

Mathematical Sociology, 15(3-4), 193-206.

Fudenberg, D., and Levine, D. (1989). Reputation and Equilibrium Selection in Games

with a Patient Player. Econometrica, 57(4), 759-78.

Fudenberg, D., and Levine, D. K. (1992). Maintaining a Reputation when Strategies

are Imperfectly Observed. Review of Economic Studies, 59(3), 561-81.

Gaurav, S., Cole, S., and Tobacman, J. (2011). Marketing complex financial products
in emerging markets: Evidence from rainfall insurance in india. Journal of Marketing

Re- search, 48(SPL):S150-S162.

Ghatak, M. (2000). Screening by the company you keep: Joint liability lending and the

peer selection effect. The Economic Journal, 110(465):601-631.

Golub, B., & Jackson, M. O. (2010). Naive learning in social networks and the wisdom

of crowds. American Economic Journal: Microeconomics, 112-149.

110



[35]

[36]

[38]

[39]

[40]

[41]

Golub, B., & Sadler, E. (2016). Learning in social networks. In The Oxford Handbook

of the Economics of Networks.

Gossner, O. (2011). Simple bounds on the value of a reputation. Econometrica, 79(5),

1627-1641.

Gourville, J. T. and Soman, D. (1998). Payment depreciation: The behavioral effects
of tem- porally separating payments from consumption. Journal of Consumer Research,

25(2):160 174.

Hadar, L., Sood, S., and Fox, C. R. (2013). Subjective knowledge in consumer financial

decisions. Journal of Marketing Research, 50(3):303-316.

Hauser, J., Tellis, G. J., and Griffin, A. (2006). Research on innovation: A review and

agenda for marketing science. Marketing Science, 25(6):687-717.

Hershfield, H. E., Goldstein, D. G., Sharpe, W. F.; Fox, J., Yeykelis, L., Carstensen,
L. L., and Bailenson, J. N. (2011). Increasing saving behavior through age-progressed

renderings of the future self. Journal of Marketing Research, 48(SPL):S23-S37.

Hoff, K. and Stiglitz, J. E. (1998). Moneylenders and bankers: price-increasing sub-
sidies in a monopolistically competitive market. Journal of Development Economics,

55(2):485-518.

Jackson, M. O. (2008). Social and economic networks. Princeton university press.

Jain, S. (1999). Symbiosis vs. crowding-out: the interaction of formal and informal credit

markets in developing countries. Journal of Development Economics, 59(2):419-444.

111



[44]

[45]

[46]

[49]

[50]

[51]

[52]

Jehiel, P.; and Samuelson, L. (2012). Reputation with analogical reasoning. The Quar-

terly Journal of Economics, 127(4), 1927-1969.

Karaivanov, A. and Kessler, A. (2018). (dis) advantages of informal loans—theory and

evi- dence. European Economic Review, 102:100-128.

Karlan, D., McConnell, M., Mullainathan, S., and Zinman, J. (2016). Getting to the

top of mind: How reminders increase saving. Management Science, 62(12):3393-3411.

Karlan, D., Mobius, M., Rosenblat, T., and Szeidl, A. (2009). Trust and social collateral.

The Quarterly Journal of Economics, 124(3):1307-1361.

Karlan, D. S. and Zinman, J. (2008). Credit elasticities in less-developed economies:

Impli- cations for microfinance. The American Economic Review, 98(3):1040-1068.

Kho, J. (March 28, 2011). Following the money: Venture capital flocks to emerging

markets. aol.com.

Kishore, S., Ebert, J., Anderson-Macdonald, S., Sorescu, A., Chandy, R., and
Narasimhan, O. (2015). The role of marketing ceos in overcoming financial distress.

Stanford University working paper.

Kreps, D. M., and Wilson, R. (1982). Reputation and imperfect information. Journal

of Economic Theory, 27(2), 253-279.

Lee, S. and Persson, P. (2016). Financing from family and friends. The Review of

Financial Studies, 29(9):2341-2386.

112



[53]

[54]

[58]

[59]

[60]

[61]

Levin, D. A., Peres, Y., and Wilmer, E. L. (2009). Markov chains and mixing times.

American Mathematical Soc..

Liu, Q. (2011). Information acquisition and reputation dynamics. The Review of Eco-

nomic Studies, 78(4), 1400-1425.

Liu, Q., and Skrzypacz, A. (2014). Limited records and reputation bubbles. Journal of

Economic Theory, 151, 2-29.

Lorenz, J. (2007). Continuous opinion dynamics under bounded confidence: A survey.

International Journal of Modern Physics C, 18(12), 1819-1838.

Luca, M., and Zervas, G. (2016). Fake it till you make it: Reputation, competition, and

Yelp review fraud. Management Science, 62(12), 3412-3427.

Madestam, A. (2014). Informal finance: A theory of moneylenders. Journal of Develop-

ment Economics, 107:157-174.

Mahajan, V. and Muller, E. (1998). When is it worthwhile targeting the majority instead
of the innovators in a new product launch? Journal of Marketing Research, 35(4):488—

495.

Mahajan, V., Muller, E., and Srivastava, R. K. (1990). Determination of adopter cate-

gories by using innovation dif. Journal of Marketing Research, 27(1):37-50.

Mailath, G. J., and Samuelson, L. (2001). Who wants a good reputation?. The Review

of Economic Studies, 68(2), 415-441.

113



[62]

[63]

[65]

[66]

[67]

[68]

[69]

[70]

Maskin, E., and Tirole, J. (1987). A theory of dynamic oligopoly, III: Cournot compe-

tition. European Economic Review, 31(4), 947-968.

Mayzlin, D., Dover, Y., and Chevalier, J. (2014). Promotional reviews: An empirical
investigation of online review manipulation. The American Economic Review, 104(8),

2421-2455.

McKenzie, C. R. and Liersch, M. J. (2011). Misunderstanding savings growth: Implica-

tions for retirement savings behavior. Journal of Marketing Research, 48(SPL):S1-S13.

Milgrom, P. R., and Roberts, D. J. (1982). Predation, Reputation, and Entry Deter-

rence. Journal of Economic Theory, 27(2), 280-312.

Parussini, G. (March 25, 2015). India’s illicit moneylenders aren’t going away. wsj.com

(accessed August 21, 2016).

Pei, D. (2018). Reputation Effects Under Interdependent Values. Available at SSRN:

https://ssrn.com/abstract=3064949 or http://dx.doi.org/10.2139 /ssrn.3064949

Sancheti, S. and Sudhir, K. (2014). Education consumption in an emerging market:

Evidence from india. Customer Needs and Solutions, 1(4):298-316.

Soman, D. (2003). The effect of payment transparency on consumption: Quasi-

experiments from the field. Marketing Letters, 14(3):173-183.

Soman, D. and Cheema, A. (2002). The effect of credit on spending decisions: The role

of the credit limit and credibility. Marketing Science, 21(1):32-53.

114



[71]

[72]

[73]

[74]

[75]

[76]

Sood, A. and Tellis, G. J. (2009). Do innovations really pay off? total stock market

returns to innovation. Marketing Science, 28(3):442-456.

Sudhir, K., Priester, J., Shum, M., Atkin, D., Foster, A., Iyer, G., Jin, G., Keniston, D.,
Kitayama, S., Mobarak, M., et al. (2015). Research opportunities in emerging markets:
an inter-disciplinary perspective from marketing, economics, and psychology. Customer

Needs and Solutions, pages 1-13.

Sudhir, K. and Talukdar, D. (2015). The “Peter Pan Syndrome” in emerging markets:
The productivity-transparency trade-off in it adoption. Marketing Science, 34(4):500—

521.

Vanham, P. (July 28, 2015). Which countries have the most venture capital investments?

World Economic Forum.

Wei, Y., Yildirim, P., Van den Bulte, C., and Dellarocas, C. (2016). Credit scoring with

social network data. Marketing Science, 35(2):234-258.

Wiseman, T. (2008). Reputation and impermanent types. Games and Economic Behav-

ior, 62(1), 190-210.

Wiseman, T. (2009). Reputation and exogenous private learning. Journal of Economic

Theory, 144(3), 1352-1357.

115



Appendix

5.1 Chapter 1
5.1.1 Proof of Theorem 1.1.

The proof follows the classical argument of Fudenberg and Levine (1992) and Sorin (1999).

I start with several lemmas.

Lemma 5.4. Fiz 0 and 7°. For any ¢, v > 0 and 0 € O, there exists a positive integer K,

such that

Qo ([{t>1: d'(P,Qy) > ¢} | > K) <e

where

d'(P,Qq) = sup |P(C.F,)(w) — Qo(C|.71) (w)]

Ceyt+1

Lemma 5.5. Fiz o and ©°. For anyn > 0,0 € 0O and K > 1,

P{t=1:Viznp[2K) < 45

where Vi = Ep(|nt*1(0) — 7'(0).74) (w)

Lemma 5.6. For any 6 € ©, V} > 7*(0)d"(P, Q).

These three lemmas are very similar to Lemma 15.4.3-15.4.5 in Mailath and Samuelson
(2006) so I omit the proofs here.
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Let G_4(w) = {t € N; 30 s.t. 7(0)d"(Qp, Qg)(w) > €}

Lemma 5.7. Foranye > 0, and anyé € O, there exists M > 0 such that Q) ({’Gg,é

£

Proof. Let

d'(Qg, Qo) = sup |Q4(C|-F 121)(w) = Qo(C|F121) ()|

CeZy
According to Lemma 5.4, for any € > 0, there exists a positive integer K*, such that for
any K > K*,

%(HUN&JWQQZZHZK)S

DO ™

According to Lemma 5.5 and Lemma 5.6, for any 7 > 0 and 6 € ©,
Pﬂﬁzlwﬂ@ﬂRsznszjSPuﬁzlzwEnHszsgﬁ

Since |©| = 2N,

{w: {t>1: 3 s.t.7'(0)d'(P,Qg) > n}| >2NK}

Clw: st |{t>1: 7'(0)d"(P,Qs) >n}| > K}
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SO

P({t>1:30st.7"(0)d"(P,Qp) > n}| > 2NK)

<P([{t=1:a(0)d'(P,Qp) >n}|>K)

S
Since P = 3", 7(0)Qy > 7°(0)Q;,

Qp ({t = 1: 30st.7(0)d' (P, Qo) = n}| = 2NK)

< Ol(é)P ({t > 1: 3054 70)d'(P.Qs) > n}| > 2NK)

1

~

<
Km0 (0)

For any t, 7'(0)d'(Qg, Qo) < ' (0)d" (P, Qg) + m*(0)d' (P, Qp), so

T (0)d'(Qg, Qo) =

DO ™

—'(O)d (P, Qg) > S or a (0)d'(P.Qs) = -

—d'(P,Q;) > Z or 7 (0)d'(P, Qy) >

] o
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<Q, ({ 210 d(PQy) = ) ‘ >K})

’ {t >1: d(P,Q;) < Zandﬂ@s.t.ﬁt(e)dt(@;, Qy)(w) > f} ' > M — K})

<Q; ({ t>1:d(PQ) = ‘ > K})

+Q; ‘{t>1 EIHstw()dt(P,Qg)ZZ}’ZZNK})
€ 16

<S4+ .
2 Ke2n0(h)

<e

I can now prove this Proposition.

Proof. Fix 0 = (&(An),d). Talso try to provide a lower bound on the payoff to Player 1 of
normal type mimicking commitment type. Since the true monitoring structure is d, the true

distribution is @)4. The payoff of Player 1 of normal type mimicking commitment type is

(1— Zét ! al,a2)

119



According to Lemma 5.7,

a({o])) 2+

which means when the true monitoring structure is d and Player 1 mimics commitment

type, with probability greater than or equal to 1 — 5, the number of periods that 36 s.t.

7 (0)d'(Qg, Q)(w) > 5 isat most M. For the rest of the time, for any 0, 7*(0)d" (Qg, Q4)(w) <

N[

The next thing I want to prove is that, if for any 0, 7*(0)d"(Qs, Qg)(w) < 5, then Player

2’s strategy is a d-weak-e-confirming best response to &;. For any d;,

' (d;) = 7' ((&o, di)) + 7 ((£(Gn), d;))

dt(Q(foadi)’ Qé) = ||pdi,o¢t1 - pd,éc1||oo

and

d"(Qe(an)dn)> Qo) = Pdiar — Paanlloo
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Then

R Ty

T ((€os diDPay,at = Pa.aa oo + 7 ((E(01), di))|pas, a0 — Pa. o oo

so Player 2’s strategy is a d-weak-e-confirming best response to &;. Therefore,

Eq, ((1 —9) Zét_lul(ai a%))

(o] <)
(1= au({es
2 (o] <)
~(r-an({fes

Since v (e) > min uy (o, o),
(a1,02

o0

Eq, ((1 —9) Z(Stflul(atl, ab)

@
t=1
<M}))EQ§<1— Z(stl (at, ab)

(#¥azte) + (=) min (e, )

(a1,02)

< M})) (min)ul(al, as)

(a1,02)

<1— Z(St Yuy (at, db ) > (1—¢e) M%) + (1 — (1 —e)6™) min ui (o, az)
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5.1.2 Proof of Proposition 1.1 part 1.

Proof. Let A¥(41) = {ay € A(Ay): 3d € Ds.t. pa, 4, = P, }- Then

D C [)il < foranya; € A‘fi(@l), BRy(a1) = BRy(dn)

It is easy to check that BRy(A41) € B 4(&;). 1 only need to show that there exists e*,
such that for any e < &*, B 4(41) C BRy(dy).
Fix any as §é BRQ(dl), and &2 < BRQ(d]_) Let ﬂ = an [UQ(OQ,&Q) — u2(a1,a2)] .
a1 €AY (61)
Since Afi(4;) is compact, 3 > 0. For any (a1, 0 y) and (7'(dy), ..., 7' (dn)) satisfying
the conditions in the definition of d;-weak-e-confirming best response and any k, , if ||pg, o

Pd;.anlloe > VE , then 7'(d) < \/e. According to the definition of A% (d;), when ¢ is small

enough,

104,01, = Pas,anlloo < VE == Ty € AT (G1) 5.t || 4 — Grglloe = O(VE)

Let D\ﬁ = {dk eD: ||pd’a/1,k - pdz’,@lHOO S \/E} Since &2 c BRQ(OA[L]{;) = BRQ(dl) and
ay ¢ BRy(a1) = BRy(G1k), uz(du,a2) > up(Gn,az) , and, for any k such that d, € Dz,

Uz(@l,kydz) > Uz(@l,kyaz)- Edkepﬁ ' (dy) [U2(d1,k,d2) - Uz(@l,k,%)] > 5(1—deepﬁﬂ(dk)) >
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0. Since us is continuous, deeDf 7 (di) [ua(al y, d2) — ug(af 4, a2)] > B+ O(/€) . Then

up( Y 7 (di)ads ., a2)

dxeD

= E "(dr)ua(a) , az)

dreD

- Z 7T/(d/’f)u2(0/1,/rgaCl2)—1—0(\/5)

deD\/g

< Z dk UQ CYlk,G/Q)—FB‘i‘O(\/_)

dkED\f

_Z dk UQ Oélk,a2)+5+0<\/_)

dpeD

=us( Y w(d)aly, 42) + 6+ O(VE)

dxeD
A does not depend on the choice of (o y,...,e4 y) and (7'(dy), ..., '(dy)). Therefore, there
exists £*, such that for any € < ¢*, ay ¢ B%(a;). Then B % (41) C BRo(dy). O
5.1.3 Proof of Proposition 1.1 part 2.

Let 7;(0, €)(w) = inf{t > 0 : % > e}, ClO,¢e) = {w: 1(0,¢e) < t}, CP(e) = {w :

thereexists® € O, andt, suchthat ﬂtt((g))((]]é)) > ¢} and C®(e) = {w : thereexistsd €
wt(0;)(h}

O, andt, suchthat () > ¢} . I start with several lemmas.

Lemma 5.8. Qéi((jf’o(é)) <D geor =

—i 67r0 )

m (0) (h3)

H1
Proof. For any 6 € ©_ T (0,) (hY)

using the observation that is a martingale under the

7

probability measure @ , accourding to the Optional Stopping Theorem,
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min{r;(0,¢),t} min{Ti(0,¢),t}
o (7 (6)(h3 )

- Qéi (Wmin{‘ri (6,¢),t} (é) (hm”l{ﬂ (0,¢), t}) )

7Tmm{TZ(G € t} mzn{n (0,¢),t}
>3, (€40, <))o, ( AL )

CHo, e
o)

amin{r;(0,¢) t}(é )( mm{n (0,),t}

T OB ) | g
a1 ¢

=Q4,(C}(0, €)) Eq, (

>2Q;,(CL(6, 2))

Since G} (0, ) € Ci7(0, €), Q,(Ci*(6, ¢)) < = ( ) Then

Q4,(C(e)) £ Qp,(C(e)) < D @4 (C(0,2)) < Y WO@

9cOe! fcol

Lemma 5.9. Fiz any d; € D. There exists €* > 0 such that for any t, if for any 6 € (:)172-,

T (0) < €*, and for any 0 € ©, 7(0)d"(Qp, Q5,) < €*, then ay € BRy(c).

Proof. In period t, Player 2’s utility is

Ep (U2(Gti7 ajy) | h2,t)

=" P({6}|hos) Ep (us(al, ab) | hay,6)

o€

_Zﬂ' Ep (us(al, ab) | hoy,0)
9eo
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For any 6 € ©, 7'(0)d"(Qs, Q5,) < ¢, so either () < /g or d"(Qp, Q5,) < Ve . Let

Qiﬁ ={0 €0 :7'(0) <} Then

Ep (UQ(Cltp ag) ’ hz,t)

= > 7 O)Ep (ua(al, ab) [ hay,0) + Y 7(0)Ep (uz(af, ab) | hay,0)

Geetﬁ 96@\@\/E

For any # € O, 7'(A) < e < /€, so O, C @f/g. For any 6 € ©\©'_, either 0 € O or
§ c Ol If 0 € O, then Ep(al | hyy,0) = é&. According to the definition of D!, if d € D}
and pg, 4, = Pd.ay, then BRy(ay) = BRy(dy). Therefore, if € ©} and d*(Q,, Qs,) < Ve,
when ¢ is small enough, there exists ay € A(A;) such that ||Ep(af | hay, 0) — sl = O(VE),
Pdi, 61 = Pd, oy a0d BRy(ovg) = BRo(dn).
Fix any as ¢ BRy(4y), and ay € BRy(&q). Let 5 = inf [ug (a1, G2) — ug(a,
a1€{a1€A(AL): 3dEDY, 5.t. pa,, 4y =Pd, oy }

Since {ay € A(Ay) : 3d € D}, s.t.pg.a, = pPaa )} is compact, § > 0. Thus, for any
§ € ©\O' ., there exists oy € A(Ay) such that [[Ep(af | hoy,0) — aglls = O(y/€) and

ug (v, Go) > ua(ag, az) + B .
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Therefore,

Ep (U2(a§, dQ) | h27t) — Ep (UQ(GL C~l2) | hz,t)

- Z 7' (0)Ep (ua(al, a2) | hoy,0) + Z T (0)Ep (u2(al, a2) | hay,0)

t
96@\@\/5

— Z EP U2 a17 CL2) ’ h2t7‘9) - Z 7Tlﬁ(Q)EP (U2(at17 &2> | h27t=9)

t t
Gee 0ee\eﬁ

=0(ye) + Z T(0)Ep (ua(al, a2) — ua(al, az) | hoy,0)

t
bee\0" .

=0(VE)+ > 7(0) (ua(Ep(al | hay,0), d2) — us(Ep(af | hay,0), d2))
peo\0"

=0(WE) + Y 7(0) (us(w, 42) — us(, @)

t
fee\0’ .

>0(Ve)+ Y w(0)8

t
feo\e" .

so there exists € > 0, such that ,
Ep (Uz(ai ap) | h2,t) > Ep (Uz(ai, as) | h2,t)

then aé < BR2(OACI) O

Proof. Now I can prove the proposition.
Fix a monitoring structure d; and an € > 0. According to Lemma 5.7, for any ; > 0,

G

€1,0;

there exists M > 0 such that @)y, ({

> M}) < 2¢7. According to Lemma 5.8, for
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w06
any €o, Q@ ( (62)) < Z@E@li 527|'0((0)1) Then,

o ({e.

Therefore,

Qeo ( (1- Z(St ! ala a2 )
Z Qé (1— Z(Stl &1,@2)
(s

*EQé, ( 1— Z(St ! éél, a2

7(0)
> |1—2e — E >
N [ ) 96! EZWO(Gi)]

€1

0l < M} N [Q\C*;O(EQ)D

-

0l < M} N [Q\éf(gg)D

 Eq, <<1 5)2& w1 (G, ab) {‘Gehéi < M} N [Q\CAQ’O(@)D

Fix any d; € D. There exists £* > 0 such that for any ¢, if for any € O, 7*() < ¢, and
for any 0 € ©, 7'(0)d'(Qo, Qy,) < ¢, then ay € BRy(G).

According to Lemma 5.9, there exist €] > 0 such that for any ¢; < €7,

EQé_<1— Zét (G, ab) {

>6Mug, + (1 — 5M) (mm uq (g, ag)
aq,02

G

€1

il < M} n [Q\Cﬂe’{)})
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If 7(6) < n, then

Eqy, ((1 — )3 6 Ml >)
! t=1

70(6) § {51\4“&1 + (1= 6™ min ul(al,cm)}

v
—
|
[\
£
|
m
i\

9ol e1m0(0;) (a1,02)
U M M .
> |11—=2e — ~ *{6 Ug, + (1 =0 mznulal,%]
gé; ermin{m0(6,)} L ( ) [min ( )
Since
) n M M .
lim |1—2e — Z . ~ * [5 U, + (1 -0 ) min ul(al,az)] = Ug,
6157:—1>0 9eb! . 8ijzn{ﬂo(9j)} (a1,02)

there exists 6*and 7* such that if for any 6 € O, 7°(8) < n*, and § > 6*, then normal type
of Player 1’s payoff in any BNE under monitoring structure d; is greater than or equal to

Ug, — €. ]
5.1.4 Proof of Proposition 1.2.
Let G(e, 0) = {t € N; 7'(f) < £}. I start with several lemmas.

Lemma 5.10. For any~y € (0,1] and 6 € O, Qp(U>1 {7 (0) < 47°(0)}) < vP (U1 {7'(0) < v7°(0)})

This lemma is very similar to Lemma 15.4.6 in Mailath and Samuelson (2006) so I omit

the proofs here.

Lemma 5.11. For any 0,0 € O, and any t,

Qs ({wt(é) > ey and 7t(0) > gl}) > 2,04 ({H(é) > eo and 7t(0) > gl})
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Proof. Let %A”; = {ht, : 7(0)(hL) > ey and ' (0)(hL) > e1}. For any hl € 2% | by definition,

! (6)(hy)Qa(hy) = ' (6) () Qg (h5)

then

> wO)(B5)Qu(hs) = Y 7 (0)(hh)Qs(hh)

oot oot
hest, hbe’y

SO

Qs ({7'(0) = ez and '(8) > 21})
= ) Qu(hh)

hbeHy

> > 7(0)(hh)Qs(hh)

ht 6%2

= 3 7(0)(hh)Qo(hb)

ot
htesy

>E9 Z Qo(hY)

hLe Ay

=5Qp ({71 (0 ) > ey and ' (0) > 51})

Now I can prove the proposition.

Proof. The proof can be seperated into two parts.

Part 1

Suppose, for the sake of contradiction, that this proposition is false. And let i* be the
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smallest ¢ that the statement is false. Then there exists ¢ > 0 and an increasing sequence
{6} }oo such that lim ¢}, = 1 and given any §7,, there exists a BNE such that normal type of
m—00

Player 1’s payoff in this equilibrium under monitoring structure d;- is strictly smaller than

*

Uasy — €

EQGQ* ((1 —9) Zét’lul(aﬁ, aé)) < ug, —€"

t=1

Consider the deviation in which Player 1 always plays a;. Then

e <ua, — Eq, ((1 —9) Z 6 uy (G, aé))
t=1

~Eo, ((1 =) D8 [, (i, aéﬂ)

t=1

Then for any €1, g5 > 0

t=1

:EQ@*

e" <Hq, ((1 —0) Y6 Jua, —w(an, d;)])

(1—6) Z(Stfl [uéa — up (G, &g)] 1@(51,éi*)<t)>

t=1

-1 St
+ Eq, ((1 — ) ;5 [ua, — u1(a, ajy)] 1(N\é(51,éi*))m<m9€éli*é(ag,6)> (t>>
1 ot
+Eq, | <(1 — ) ; 07" [ua, —w(én, a5)] 1(N\é<sl,ém)ﬂ[N\ (Nocer . Ge2.0))] (t)>
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According to Lemma 5.10, Q5 _ (Ur>1 {Wt(él) < wro(él-*)}) < AP(Up> {ﬂ't(él) < ’yﬂo(éi*)}) <
v, 50

Eg, . ((1 —6) Z 87 [uay — wr (G, ab)] 1(;(61791_*)(15))
t=1

7

SUJ@I EQéz‘* ((1 — 5) Z 5t_11@(51,9¢*)(t)>

t=1

g, Qs (Ut {'(0) < &1 )

The second term:

t—1 A t
EQ@* ((1 —9) 25 [an —uy(an, az)] 1(N\@(sl,éﬁ))m<m0€ég*é(sz,a)) (t))

t=1
gEQéZ_* ((1 —9) Z gt [Ual — uy(Gy, atQﬂ 1(”&;6@1_.*@(5279)) (ﬂ)

t=1

According to Lemma 5.7, for any €5 > 0 there exists M such that

o ({2 =2
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SO

Fa (-0 E " b men o 0)

(

- _ t—1 0, A t
=Eq, ((1-9) ;(5 [ual uy (G, %)] 1(ﬂgeél_i*é(a%e))mc’vszvéi* (t)>

%

+ EQéi* ((1 — (5) ; (5t_1 [Uéq — U1 (dly aé)} 1(ﬂ 6(5279))0(N\G52’éi*>(t)>

9eé!

<2e9uqs, + (1 - 5M)u5¢1

+ EQéi* ((1 — (5) Z(St_l [U@l — U,l(d1, CL;)} 1 (t))

t=1 (mQEél—i* G(gz’e))m(N\G”‘éi*)

in which

. =1

—foranyf € ©' .., 7(0) < 3, and for any 6 € O w'(0)d*(Qy. Qp.) <e2
According to Lemma 5.9 there exists €5 > 0 such that for any e; < €3,

1 =1
(meeéii* Glez, 9)) n (N\G527éi* )

—>aj, € BRy(&).
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then

Eq

- <(1 —6) Y 0" [ua, —w(dn, ab)] 1(096@1 L Glex0) (t)>

t=1

<2e9u4, + (1 — 0M)ug,
Then

t—1 A, al
Ea,. ((1 — %) ;(5 [ug, — (G, aj)] 1<N\é(617éi*))m{m(mgeéli*é(ez,e))} (t)>

u,\
e — Oil g1 — 252ud1 — (1 — (5M)U&1
m0(6;)
. ~ * 000, ~ . * -
There exists &; = % > 0, &y = min{e}, Sz—al} > 0, such that for any e, < £;,and any

g9 < &9, %51 +2e5us, < %. There also exists § such that for any 0 > 5, (1—=M)ug, < %.

Then

Since

/N
Z,
/
(Y

(€1, éz’*)) N [N\ <ﬂé)eé£i*é(527 9))]

=N\ (é(el, f;:) U (meeél_i*é(@’ 9)>>
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Since D_; C D! and D; C D! U D?, D', C D?. Therefore there exists 7 < i* such that

d; € D2 and

oS - ) o
EQéi* ((1 - (S) Zdt 1 [u&l - ul(ala Gg)} 1N\[é(€1,éi*)Ué(€2,9g)] (t)) > 2N

t=1

SO
(1=0) Y8 Qp. ({7'(69) = 2 and 7' (01r) = 21})
t=1
=(1-9) Z 5t71EQgi* <1N\[G’(51,éi*)ué(ag,0?)] <t))
t=1
=Eq,, <(1 —02 ‘5t11N\[é<el»é¢*>u@<ezﬁ?>]m)
t=1
> 2
2Nud1
in which

N\ [é(€1, 0;+) U G(eo, 9?) ={teN; ﬂt(G?) > eyandt (0;) > e}

To summarize, in part 1, I have shown that, if ¢* is the smallest ¢ that the statement
is false, then there exists * > 0, 5 > 0, and an increasing sequence {0;,}~, such that

lim 6}, =1 and given any ¢, > 5, there exists &, > 0, & > 0, ¢ < ¢*, and a BNE, such that

m— 00

d: € D? and in equilibrium for any &; < £1,and g5 < &5,

*

9
2Nud1

(1=107) Zé;t_lQéi* ({ﬂt(ﬁg) > ey and it (0;) > 51}> >
=1
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Part 2

Eq, | (1—46 Z(Stl al,az)

+Eq, (1-9¢ Z(;t tuy (ag, a) 1{7rt(90)>€2and77t(0 )>61}*1N\GE3 go@))

+ EQy ( (1-9 Z‘St Fun(ah, a3) % L i (00) 2y and et (5,0 221 ) 1N\Ggg,e9(t))

According to Lemma 5.7, for any €3 > 0 there exists M such that

Qo ({‘Ge;;ﬁ? > M}) < 2e3

Then

EQgg ((1 - 5) Zétil (alv CL2) * 106 00 (t)>

t=1

§[253+(1—5M)]a

- [253 T(1- 5%] ey
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According to Lemma 5.11,

(1=0) Y 671Qp ({#'(8) > 2y and 7' (6) > e1})

=1
>e9 (1 —0) Z 5t_1Qéi* <{7rt(0g) > gy andﬂt(éi*) > 51}>
=1

g9c*
>
2Nu@1

1,
( (1- Z 0" tuy (af, ap) * 1{7rt(00)>82 andwt (B )>e1} * 1N\GE3 40 (t)>

Let’s consider all the periods such that

1{7rt(9g)za2 andwt(B;x)>e1} ¥ 1N\GE3,99(t) =1
<:>7rt(9g) > gy, m(0;+) > &1, and for any 0 € © 7(0)d"(Qy, Q) < €3
Then d'(Qg,, Q) < 2. According to the definition of D2, for any d € D? and any
ar € AAy), if pa..ar = pd e, then for any as € Ay, us, > ui(aq,az). When i—i’ is small

enough,

d'(Qy . Q) < ? — Jag s.t. || Eq,, (agy{wt(eg) > eyand '(0) > e} NN\G,, 99)—a99\\00 = 0(2) and
% 2 1 7 ; s 7

€1

Since {a; € A(A;) : 3d € Df, 8.t.Pdye 61 = Pd,ar} is compact and A, is finite, f =
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inf [ug, — ui(aq, az)] > 0 and B < ug, does

ar €{ay € A(A): 3d € D?, s.t.pa..ay = Pd.on }

Qg € A (Ag)

not depend on the choice of ¢. Therefore, there exists an &4 > 0 such that for any z—i’ < &y, if

4(Qj,., Quo) < 2, then Eq, (wi(al, ag)|{m'(89) > e2andw'(0ir) > e1} NN\GL, g0 ) < s, —

[

EQgQ <(1 - 5) Z 5t71u1 (ai7 a;) 1{7rt(90)>z-:2 andwt(0;«)>e1} * 1N\G€3 00 (t)>

t=1

=(1-9¢ 81 Qp ({7(67) > ey and ! 91 > e} NN\G,, g0 ) E up(al, ab)|{m'(6Y) > g5 and nt HAZ
; ; 3,0; Qg0 1 %2 i

t=1

Z ({w (%) > ey and 7' (6;) > 51}> (% _ g)

The last term is

EQGQ ((1 - 5) Z &t (a17 CL2> * 1N\{7rt(00)>€2 andt(;x)>e1} 1N\G6 00 (t>>

t=1

<Eq, ((1 —6)> 6"y« Ly g 69) > andwf(éi*)zm}>

t=1

(1- Z5t i o [~ Ltyzepamirieyzen (9]
t=1
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Then

EQeg ((1 —9) Z 6wy (al, ag)>

t=1
< [263 + (1 - 5M)] Ug,

+(1=0)> 67 Qp ({wt(e)g) > ey and 7t (0;) > 51}) (udl _ g)
t=1
+ (]. — 6) Z 6t_1Ud1EQ9g [1 — 1{ﬂt(0?)282 a"dﬂ't(éi*)zefl}(t)]

t=1

< [263 + (1 - 5M)] Ug,

B -
+ua — 5 (]' - 5) Z ¢ 1EQ99 <1{7rt(é)252 andﬂt(O*)Zal}(t)>
t=1 ‘
P | (1= 5M)u,

Let &1 = &, &9 = 2, g3 = min
1 29 <2 29 <3 2 732N[ud1]

To summarize, I have shown that, if 7* is the smallest 7 that the statement is false, then
there exists e* > 0, 6 > 0, and an increasing sequence {07, } o0, such that lim &%, = 1 and
m—00

given any 0} > 5, there exists &, # > 0, i < i*, and a BNE, such that d; € Df and in
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equilibrium

in which &, 8, 6 do not depend on the choice of BNE and i.
However, i* is the smallest 7 that the statement is false, so there exists § such that for

any ¢ < i* and any § > 0,

EQeg ((1 —9) Z 6ty (at, ag))

t=1
> 5*526
UA S —
- 32Nud1

a contradiction. Therefore, this proposition is true. O

5.1.5 Proof of Example 1.3.

Proof. Without loss of generality, suppose that, for any ¢ > 7, pclli < pcllj. It is easy to
verify that the stage game payoff satisfies ug, = @;. I only need to check that for any <,
{d;,....dy} € D} and {di,...,d;_,} € D!} U D2,

Fix an i*, for any j < i*, pi" < p¥. For any oy = (o1 (H),1— ay(H)) € A(Ay), if
Pave i = Pa,ars then pf™ = pi? % g (H) + py’ + (1 — aa(H)). Since pi’ > py’ and g’ > pi",
either p¥ = pi" and ay(H) = 1, or p¥ > pi" and ay(H) < 1. It is also possible that for
any oq € A(A1), pa. un # Pd;, o~ In all cases, d; € Dzl* U D?*, so {dy,...;di=_1} C Dzl* U Ef*

For any j > i*, p;" > pcllj. If p;lj < pfj < py", then for any a; € A(A,), Pdie, H 7 Pd;, -
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If pgj < p‘lij = pfi*, then for any oy € A(A;) such that py,. .z = pd; e, @1 = H. In both
cases , d; € Dk, so {d-,...,dy} € DL. O
5.1.6 Proof of Proposition 1.3.

Proof. Player 2’s posterior belief in period ¢ that Player 1 is normal type is

(&) = Y PO} F)

§=¢o

Let

L e PUOL RS D, T (0) P(R5]{0})
25:5(&) P({0},h5) Zg:g(a) m0(0)P(h5|{0})

Lt

Then given any history of Player 2 hl, € J#%,

(&) (h3)
=Y P({6}|ns)

=%
 Doemg, PUOY )
> P({0},h))
Lt
Lt

Since Y is a finite set, given any 6, P(h4|{6}) is a probability mass function of a multi-
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nomial distribution. Denote these functions by f(hS, pa o). Then

Lt

> (&0, d) f(hY, pa,a)
Zdﬂo( §(a),d) f(hs, pa,a)
> Ddep, o T (&0, d)f (RS, p)

pEla,

Y Yo ( (6n), d) f (R, p)

ps a1
pEla,

Since I's, C 'y,

Z z:deD,M~xl WO(&% d)f(hgv P)
" Sen, . T(E@n), AT p)

> {mm s, 1w0<§o,d>] 185, p)

w°<s<a1>,d>} F(ht, p)

min ZdeD 70(&, d)

Since ug (&g, ag) > uz(dy,as) for all ag # as, there exists a 0 < € < 1 such that if 7*(&y)(h%) >

¢ Player 2 has no incentive to deviate. Let L= . Then

min Y ,cp 70 (&, d)

PEF p, &1 N
j > L = 7'(&)(hy) > &, Vhy €
g?ellgx ZdeDP & m0(&(dr),d) (€0)(Rhgy) >
&

so Player 2 does not deviate from equlibrium strategy. Player 1 also has no incentive to

deviate. O]
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5.1.7 Proof of Propositoin 1.4.

Proof. Since &;,; € BRy(Gs), Player 1 has no incentive to deviate.

Given Player 1’s strategy, in any period ¢, Player 2 play a best response to

> 7(0)E(01]6, hb)

Since pa, .41, = Pd;. a1, for any t, P(R5|{6;}) = P(h5{0);)}). Therefore,

(i)
PG
P({0}:)}h3)
PG )
P<{92(i)}’ htz)
7(0;) P(R1{6;}) )

_770(92(1')) P(htzl{@g(i)}) a WO(Qﬁ(i))
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Then

0
= ™ (é,L)dl +7Tt(02(i))0511
. [ t(h.)a 7t (6°
S [0y +ri )] | T) ]
- S (0) + 70 ,)  TH0:) + THE)
. [ 0(0.)& 70(6°,
— 7' (6;) +7Tt(92(¢)) 5 = (6. ?10 v ( “(8)) 5 ~1z]
i LT (6:) +7 (eu(i)) m0(0:) + (eu(i))
=> 7' (0:) + 7 (Ona)) | (eadin + (1= er)éin)
=a

Since (a1, @s) is a Nash equilibrium of the complete information stage game, Player 2 has

no incentive to deviate. ]

5.1.8 Proof of Example 1.5 part 1.

Proof. ((3H, L), (3¢, 3s)) is the mixed strategy NE of the complete information stage

game. According to Proposition 1.4, I need to find &;,; € A(A;) and e; € [0,1], such that
Pd,yiy a1 = Pdi, i and (%H, }LL) =eH + (1 —e;)a,.

3 _

Y2~ 5 7
Pds, s = Pdy, i = Q1,1 = ( i 4 L)
Y2 — N Y2 — M

- 1 3
Pdy,a15 = Pdy, H = Q12 = ((2% - 5) H, (5 - 2%) L)
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then

e :3—72—371
' 3—dm
5—38n
€y —
6 —8n

3
In order to make e; € (0,1), ~722—741 €[0,1] and (2v; — 3) € [0,1], it must be true that

5.1.9 Proof of Example 1.5 part 2.

Proof. Follow the same steps as in Example 1.2, I can show that
D;

3
{(t0t) ot < Fandsgt + gt <3

3
U {(pi‘mg) P > and3p] + p > 3}
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and

D;
={(pl, ) : p} < y1and3pf + p§ < 471}

U{(pf.p3) : P4 >vand3pf + p§ > 4y}

Since @ = ui(ai, as) if and only if (a1, as) = (H,c), (p?, p? D! U D? if and only if
1) P2 1 1

(0f,08) = (3, %), (o, p3) ¢ D3 U D3 if and only if (pf, p3) = (11, 7)-

Then
di € D%, dy € D%
ds GDi
3
< (72-1) (3’}/1+’}/2—3) >0
and

dlebé
1 3 1
—(-- 3k 4 —4 0
— L 0 > 0
ga! 1 Al 3
vy € O1 U 51
4! 74 8’
If 1 5 hen {d;,d»} C D} and d; € D!. Si doe D'UD2 T
716(0,4)U(8,1),t en {di,ds} C D; and dy € D;. Since v1 # 72, dy € D{ U D7. T can
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apply Proposition 1.2. If v, € [1, g} and 7 € (0,3), then 3y +7, —3 < 0, s0 {dy,ds} C D}l

Since d; € [?% U [)% and dy € [D%, I can still apply Proposition 1.2. Il

5.1.10 Proof of Lemma 1.5.

Proof. Since for any ¢ # j I's,, N T4, ; = , there exists a constant ¢ such that for any i # j

,any k, [ and any ¢

d'(Qg, ,» Qg,,) = €

Then

T(050) > e = 7' (0;)d'(Qy,, Q) > éc

According to Lemma 5.7, for any € > 0, and any ézk € O, there exists M > 0 such that

Qéik ({ Gés,éik > M}) < 2é¢
Then
N\G(e, 6;1) € Gy,
and
{lN\é(E, éj,l)‘ > M} - { Géavéi,k > M}
SO
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Let e = é.

5.1.11 Proof of Proposition 1.6.

Proof. Suppose in the first M + N periods, there are M g and N y. Then

m(§(H)PRE(H) Y, 1)
m(E(H))P({E(H)}, hy) + 70(&o) P({€0}, h2)

! (E(H)) =
in which
P({E(H)}. 1) = / /D (1= p)Nn(o1, pe)dprdps

and

P({€}. 1) = / /D L = o)V (o, p2)dprddps

¢H(M7N) < 7((1) (p)

. . . 0 0
It is sufficient to show that if supp(ny) € supp(ms) then % aryy < sszpﬂg(p).

It is easy to calculate that

// pt' (1= p1)N7°(p1, p2)dp1dps

D

= [ p) o)
supp(n?)

-/ VAR Y
supp(m]
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and

// Py’ (1= p2)™7°(p1, pa)dprdps

D

=/ pa' (1= p2)V73(p2)dps
supp(m9)

= [ M=) e
supp(m)

When supp(7) C supp(n9),

¢u (M, N)

¢r(M,N)
Sy P (L= p) M7 (p)dp
ooy PV (L= )V (p)dp
- Souppimty PP (L= p)V 70 (p)dp
B fsupp(w?) pM (1 — p)N7(p)dp

fsupp(wg) pM (1 — p)Nm3(p)dp

()

~Ssup
p Wg (p)

5.1.12 Proof of Proposition 1.7.

Proof. Fix a monitoring structure d € D. For any £; > 0, according to the definition of
Dy, de D ﬂDp%gl . Let Q?gfd), P> be the marginal distribution of Q,q), P on Player

2’s histories hy; € 5, respectively. Under P , Player 2’s beliefs on the next stage’s signals

are given by po.(y) = P(y|.#,) and if Player 2 knew that Player 1 is of type H, and the
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true monitoring structure is d, Player 2’s beliefs on the next stage’s signals are given by

5 (y) = Qe (v F0) -

Then

Q% ) olIP*)

02!
Z Qz it (&(H) d)
Zg ffD g an™ 0(&)m0(d")dpf dpg
Qﬂ))
S QQ?tH d l E .4 / /
Z (§(H),d) ffDQ ) ) 7T0 )dpl dpt
ta
< Z QQ,t lOg (é(H)rd)
- (S(H)ud) 2t 70(d’ ’ /
ﬂ-o(g(H))EQ ffDﬂDpcli,sl Q(g(HLd/)%dp[li dpg
0%
7d)
oy 6] + 302 dima
’ m (d/) / /
ffDnL>d Q.= aP1 dps
Since relative entropy is jointly convex,
2.t 2,
d(Q(g(H),d)HP "
) .,z
_MW%WM+M5”( @ ) ot g
p{e1
Since d € DD, for any d' € DD, Ip¢ — p¥'| < e1. Apply the chain rule to
( d)HQ (e(H), d/)

£
min{p{,1— pd'}

2, 2, ’ U
d(Q(gt(H),d)HQ(gt(H),d')) = td((p{,1 = p))|l(p{, 1 = p{)) <
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SO

Qe I P*)

62 Wo(d/) ' 7
—log [7°(€(H))e —|—// t— . ; dpi dp
[ (€)= DDy, min{p{,1—pd} e L

2
te]

min{p{ —e1,1 - p{ —e1}

—log [7°(§(H))e:] +

Conditional on hay, Player 2 chooses a best response to [ [, 7'(d')Ep(o1|hay, d')dpf dpd

which is a d-weak- d(th ?||pa.4)-entropy-confirming best response to H, so given (p?, pb),

(1—19) Z 0" Eq,

t>1
>(1-9) Z 0" EQueim ™
t>1
2(1 - 5) Z 5t71EQ(§(H),d) (d(q2 t Hp2 t))
t>1
>(1- 25t 1EQ(g(H) ) Awd<d(q2t Hp2 t)
t>1
>wzd 1 - 25t 1EQ(§(H d)d( Hth))
t>1

Awd n—
_wH Z ot Z EQ(g(H) ) q2t Hp2 t))

n>1

52D 6 Qo IP™)

n>1

Z@Z’d< 25"1[ log [7°(&(H))ea] + ——— = pil—&}])

e min{p{ —e1,1 —

— <_(1 —)log [7°(§(H))ez] + — | )

min{p{ —e1,1—p{ —e1}
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5.1.13 Proof of Proposition 1.8.

Proof. According to Proposition 1.7, for any €; > 0, normal type of Player 1’s payoff in any

BNE under monitoring structure d is greater than or equal to

2

iy (‘(1_5>zog [FO(E(H))ea] + —— )

min{p{ —e1,1—pf —e1}

Since for any € > 0, there exists 6 > 0 and &1 > 0, such that for any § > 6",

et
<e

—(1=0)log [P(€(H)ea] + oAy <

Then it is sufficient to show that there is a & > 0 such that for any ¢ < &, B»4(H) = {c}.

d (pd,HH // pd//7all(d//)ﬂ'/(d/)dpcll/dp;)
D
=p?log i T
ffD ) + P O‘l(d/)(L)]W/(d,)dpil dps
1—pf
L= [fplpf i (d)(H) + p§ o4 (d) (L)) (d')dpf dp§

+( pl)log
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[ e + ot @ @i @iot dog
=[] ey anr@rastas + [[ ei@ynm @i

<aj(d)(H )W’(d’)dpi"dpg'jugp?' + (1 —pf oy (d)(H )ﬂ’(d’)dp‘i"dpz')jugpg'
= e

1 1
Ssuppi + s suppy
2d’eD 2¢¢p
Since pllogp1 +(1—- pl)log — pl is monotonically decreasing when x < p¢ and p?¢ > —suppl +
d’eD
3supps
d'eD
(pd Hl| / / Par, ey @ (d)dpy dpf )
1—p¢
>p1loglsupp  Toupid (1 - pi)log :
zep - 2aep ] 1- (%supp”f + %SUpPS)
d'eD d'eD
>0
Let € = pflog+ =+ (1 — pd)log 1= . According to the defini-
SUPP + sup p3 L < >
2ae sup p§ +2 sup pg
d’eD d'eD

tion of d-weak-e-entropy-confirming best response, B*4(H) = {c}.
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5.2 Chapter 2
5.2.1 Proof of Proposition 2.9

Proof. There exists a unique NE if and only if aly + VJI'V3 is invertible. For every non-zero

21

)
column vector z of d real numbers, denoted by 2 (ady + ViVe)z = a2tz 4+ 2TV Va2

. It is easy to check that:

d
azlz = a(z 22)

and
N 4
FVIVaz = Y (Y vyz)

i=d+1 j=1

Since z is non-zero, (3%, 22) > 0 and Zi]idH(Zj:l v;;2;)% > 0. Then 27 (aly+ Vi'V3)z =

azTz + 2TV]'V32 > 0. By definition, al; + Vi'V; is positive definite, thus invertible O

5.2.2 Proof of Lemma 2.1

Proof. Denote of n elements by 1,,, then: O
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Since

—bly+0Uly =D

Then

i —b )
b —b rht—b
t t—1
-U =X"-UX"" —b0ly+0bUly
xh —b it —b

V' is row stochastic, V114 + Voly_g = 15 and V3l 4+ Vily_g = 1n_qg

0

—In_a+aVs(aly+ ViIVa) g+ (Inca — Va(ady + ViV VI Viln g

—In_g+aVi(aly+ V&Va) ™ g+ (In_g — Va(aly + Vi Va) 'V Vil 4

—In—a+ aVs(ady + V5 Va) g+ (In—g — Va(odg + Vi V) V) (Iv—g — Vala)
aVs(adg + V5'Va) g+ Vi(ada + V5T Va) TV Valy — Va(ody + Vi V) WVl 1y g — Vily
Va(adg + V3 Va) " (ady + V5 Va)1a — Vilg — Vi(ada + V' Va) "' Vil 1y _q

—Va(adg + V5 Va) 'V Iy

by +bULy = b ' —_B
0

—Va(ady + Vi)Vl Iy g
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SO

i —b o=t — b

xé—b xg_l_b t t—1 t t—1 »
-U =X'—-UX"7" —bIy+0Uly=X"-UX"=-B=0

zh —b it —b

5.2.3 Proof of proposition 2.10

Proof.
Vi Va
U p—
aVs(adg+ ViVa) ™t (In—a — Va(aly + VETV3) 7'V Y,
SO
0 0
Uu-v =
Va((Ia+ 3V5'Ve) ™" = L) (=Va(ala+ V5TVa) V)V,
0 0
— Va(Ia+ SVTVa) V) = MVa(a + LViTVe) TV,
0 0
—_1 4
0 Va(la+ LViFVa)~tvil
Then
(o 0
U = [N - V
(6]

0 Va(lu+ LIV W
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Since V' is strongly connected and aperiodic, there exists a M such that for any m > M —1

0 0
every element of matrix V'™ is positive. Denote é by P. Then

0 Vs(ly+ V5 V)7V

UM =V -pPVIM =vM _vM-lpy 4 ... (—PV)M

Since M is finite and lim P = 0, there exists a a; > 0 such that for any a > a4, every
a—r 00

element of matrix UM is positive.

Now let me prove that ||[UM || < 1.

1
UMy =V =PV 1y =1y =V ' Ply+- - +(-PV)M1y = 1y - VY ' P1y + O(1x)
(6%

in which
a a
0 Vs(lqg+ éVEgT%)_lng Va(1q+ ingVES)_lngled
Then
M Loova 0 1 1 M-1 0 1
UMy = Iy——V +O(S1x) = In—— |V +O(~1y)
o a a a
VsV 1n_g ViVl ln_g

Since V is strongly connected, V3 # 0, then all elements of matrix V3V, are non-negative

0
and at least one of them is positive. Then all elements of vector are also non-

ViVl iy g

negative and that at least one of them is positive. As proved above, every element of V1
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0

is positive, thus every element of V-1 is positive. Let r be the minimum
ViVl iy g
0
of elements of VM1 . Then there exists a as > 0, such that for any a > am
VsV 1y _q
0
, every element of matrix VM1 + O(%1y) is larger than 4. Then for any

VsVl ln g

o > & =max{}, a1, a}, every element of U is positive and every element of UM1y is no

larger than 1 — 3=, so ||UM||, = mZ@ij lug| <1— L.
For any initial opinion vector X°

[ < I 0] < o= ol

o0 o0

Thus, lim UM* X% = (. Since M is a finite constant, for any 1 < k; < M —1, lim UM#k+k X0 —

k—o0 k—o0
Uk lim UM+ X9 = 0, therefore limU'X° = 0. O
l—00 t—o00

5.2.4 Proof of proposition 2.11

Proof. Since V is strongly connected and aperiodic, then, as I proved in proposition 2.10,
there exist a & > 0 and M € NV such that for any o > &, [|UM ||, < 1. Then the Neumann

series Y.°_, U* converge and (I —U)™! = k{im S°%  U'. By proposition 2.10, 1tlimUth =0,
—00 —00
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so lim X! exists and
t—o0

t—1

LimX! =limU' X%+ lim > U'B

t—o00 t—o00 t—o00
=0

=(I-U)"'B

5.2.5 Proof of proposition 2.12

Proof. Since rank(Vs) = d, I can rearrange the code name of naive agents such that V3 can

be partitioned into 2 blocks as follows:

in which V3 is a square matrix (d * d) and rank(V3;) = d. This will not change the network

structure, thus does not affect the result of proposition 2.11.
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Suppose that there is consensus, denoted by c. Then it must be true that

B = (I-U)lyc

¢ -

1 (0 0

0 Va(lay+ V5 V)7V

1 (0 0

0 Va(ly+ 3V5'Vs) 1V

| o
o
=¥

Va(lq+ 2V V) 'V 1y g

Since

Oq

—_

Va(Iy+ 2 Vi'Va) ™' B

the equation above is equivalent to
1 1
Vala+ ~ViVa) Vi oae = Va(la + = Vi'Ve) ' B
1
= V(1. + E%T%)—l(vsﬁjv_dc —B)=0

Var(Ia + 2VV3) "1 (Vi 1y_qc — B)
<— =0

Via(1y + é‘/éTVé)*l(VéTlN—dC — B)

Then it must be true that

1
Var(Ig + aVSTvg,)—l(lN_dc —B)=0
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Since Vi and (I; + 2V5'V3)~™! are both invertible, (Vi'1y_qc — B) = 0.

ZjeA(d) Uj1

> jeA U2
‘/3T1N—dcz JEA(d) I c

ZjeA(d) Yjd

and

> jeaq) Uith

ZjeA(d) Vjabs

ZjeA(d) Vjaba

Since rank(V3) = d, for any 1 <i < d, ZjeA(d) vj; > 0, then

(‘/3T1N7dc - B) =0

= bi=by=...=bj=c

Contradiction.

5.2.6 Proof of Proposition 2.13

Proof. According to the proof of Lemma 2.1,

Oq
In=(I-0U)"

Va(aly + Vi Va) " Willy
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SO

(I —U)"'B = bpinly

Oq
ZjeA(d) vj1 (b1 —
=1 -U)" S v Vo (bo —
V},(CYId i VE;TV},)_I jEA() I
ZjeA(d) vja(ba —
ZjeA(d) Uj1
() Odxa 0
Va(adg + Vi'Vs) ™
0

djeAwy V2 T 0 by — bmin
0 e ZjeA(d) Ujd ba — bmin

then every element of (I — U )_13 — byinly is a linear combination of b; — b,,;,. Let

. Odxd
W= (I-U)

Va(aly + Vi'Vs) ™!

ZjEA(d) Uj1 0
0 ZjeA(d) Uj2
0 0
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then

bl - bmin

1A b2 - bmm
(I=U)"'B = bpinly =W

bd - bmin

SO

maz;| (I —U) ' B); — byin]

= =U)"'B = bpinly ||

o0

SHW ||maxi’bi — binin|
o

:||W||(bmaz _bm'm)
Let ¢ = 2||W||,., then,

mazx ((I — U)’IB) — miz'n ((I — U)’1B’>

)

(2

<2maxs| (I = U) "' B); — by

Scl (bma:r: - bmzn)
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5.2.7 Proof of Proposition 2.14

Proof.
G'(I-U)G
1 0 0
=G 'I-V)G+ =G 45
Q
0 Va(ly+2vihve) vl
0 0 0
0 1—X 0 1 1 - 1
_ —H— —H+0(—
| | | | + 5 o2 + O(oz3)
0 0 1—An
0 0 1 - 1
_ +—H = —H+0(—)
0 [N71 - A22
0 0 0 0 ; ’ !
in which h;; = ; Viry = N\l; rj and hy; = Ajl; "
0 VaVi 0 VY 0 VRV VsV
then
1 éhu - ﬁﬁll + O($> éHU N élﬁhz + O(é)
G(I-U)G =

éHQI - éﬁm + O(%) In—y— Ay + §H22 - ﬁﬁﬂ + O(%)

Since hy; > 0 and for any k # 1, 1 — Ay # 0, there exists a & > 0 such that for any a > @&,
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—h11 + O(%) > 0 and

1 1 - 1
Y=In1— N+ —Hoy — — Hor + O(—)
a a a

1 1 1~ 1 1 1 - 1
(= Hp-—H ) (=Hy — =1 —
i o (a1 0G)) (=t +0155)
1

1
=In_1 — Ao + — H22 — Hy Hyo + O(@)

hll

is invertible. Then

1 1 !
S(I—-U) =—G (G - )G) G
~(I-U)" =G (G- U)G)
in which
1 (G a-v)a)™
[0
—1
1| A= Hhu+0(F) sHhe = 2t + O(35)
Ta

LHy — L Hy +O(L) Ino1 — Aoy + LHyy — L Hoy + O()

_ o T (ahuiﬁn)szE*lHQl + 0(%) —ahn —HpX™ '+ 0(%)
ahnl huz Mo+ O(Lz) éE_l
| e ey e a4 0G) —a e+ 0
—aron s Ha+0(5) Iyt
Since
1 1 1h 1
hir — éiln N h_ll ah—%i O(?)

164



and
1 2hny 1 )

1
<h11 - éﬁ11>2 L 2
| ~1
— (G (I — U)G)
Q
ﬁ 0 1 % + h%HmZ_le _ﬁHHZ_l 1
_ + = 11 11 + O<_2)
o o) ° L1 ! !
—no 21
Since
1 -1 1
Y = (Inoy — Ag) + O(a)
Lieu-ve)™
Q
_ 0 4 1 Z_i + hL’ngU (In-1 — Az) ™' Hy — 7y e (Iv-1 = )™
o _ _
0 0 — 5 Un—1— Az2) " Hy (Iv1 = Ao2) ™
1
+ O(?)
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f% + h%HHm (Inoi — Ago) ' Hay — My (In—1 — Agy) ™!

G—l
_hLll (IN—I - AQQ)_l H21 (IN—I - A22)_1

Since

G:<1N 9 o rN>

there exists a vector ¢, such that

Z—i + thle ([NA - /122)_1 Hy, —,%HHH (IN71 - /122)_1

G
0 0

=Inc
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SO

0 0 . 1
G +O(@)

(IN—I - A22)_1 H21 (IN—I - A22)_1

_ 1

0 0
G—l

L (Ino1 — Asp) " Hoy 0

~ hu

In

0 0 ly
=G
—h%l (In-1 — /122)_1 Hy O :

ha
ly
—— — e rn : rily
h 1-X 1-X '
11 2 N 0 ‘/3‘/3T
In
1 N Til' 0 0
= — h_ Z 1=\ Tl
11 T -\ T
=2 0 ‘/3‘/23




and

0
G Gt
0 (IN—l_A22)_1
L=\
1=2
SO
1
—(I-U)"!
a( )
Ix 1
= T QNC
hi1 * (07 Ne
0 0
+ =G
« _ _
— L (Iny — Agg) " Hyy (Inoq — Agy) ™"
vl 1 1L il 1 [0 0
= 4 NG+ — ) ——
hii  « Ne Z 11—\ hi
=2 0 ‘/3‘/3
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then

X=I-U)'B
N
Il 1 1 L 1 [0 0 1
11 i—2 7 11 0 VéVE;T
0g 1 0g
-= +0()
VsB VsV Vs B
N
1 ril 1 [0 0 Od 1
=cl — L - — 1x1 O(—
CN+04,21—)\1 I . N +O(—)
i=2 0 ngg V3B

5.2.8 Proof of proposition 2.15

Proof. First let me prove that when « is large enough, all limiting opinions are close to each
other. I have proved that

X=IlimX'=(I-U)"'B

t—o00

Then as I proved in proposition 2.10 there exists a & > 0 such that for any a > &, there

exists M > 0, such that UM is a positive matrix and |[|UM || < 1, then

) 1
=UMX + 0(51N)
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According to Lemma 2.1, without loss of generality, I can assume that b; > 0. then

04 0 0 .
[ =1 VX
Va(Ia+ S V5'Vs) ™' B 0 Va(la+ 3V5"Va) 'Vl
0 0
Denote [ V by w = (wy, ..., wy). Since

0 Vs(Ig+ V5 Va) "1V

Od Od
liml = > ()
a—r00
Va(Iy+ 2ViVv3)~'B V4B
and
N 0 0 04
lim » w; = liml Viy =1 Iy >0
a—00 £ a—00
i=1 0 Vg(Id+ évz))TVé)—l%T V3V3T
N Od
so there exists a @ > 0 such that for any a > &, Zi:l w; > 0and ! >

Va(la+ S Vi'Va) ™' B

0. Let & = maxz; {#;} and z = min; {Z;}, then for any a > &

N 0
Zw@ Z l ‘
i=1

Vi(ly+ VIV 'B

and

N 0
Z wiz <1 !
=1

Va(ly+ S Vi'Va)~'B

so Z > 0 and there exists a constant e > 0 such that z < e. Let UM = (uf\f) and VM = (vfy)
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, then 7 = 37wl #; + O(2) so

. X
O(a) = — Zuf\f:ﬁ]
J
= (1—21#‘]4) T+ Y ull (T - 1))
J J

>Zu;‘f@—@) => [vi‘f—i—O(é)] (Z — i) >0

J

Then it must be true that forany 1 <k < N, 2; =7 + O(i) Since z is bounded above, all

Z; are bounded. Then

04 1 0 0 1
l +0(—) =1 V1N£+O(a>

(0%
ViB 0 VAV

Take limits of both sides of this equation, then lim X exist and can be denoted by 1x¢ in

a—r 00
which

[ i
A VsB Zies(d) bi [(ZjeA(d) Uji) <ZjeA(d) Ujil(j))]
c = =

0 Zkes(d) [(ZjeA(d) Ujk) (ZjeA(d) Ujkl(j)ﬂ
[
VaVil'ly g
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5.2.9 Proof of proposition 2.16

Proof. The proof is almost the same as the proof of proposition 2.15. The only two differences

are
N 1 (0 0
U = |Iy— o \%
0 Va(Ia+ 2Vi'Va) 'V
and
_ O
B, =
Va(aly + ‘N/gTVg)_lé
SO
04 0 0 .
[ =1 VX
Vs(Ia+ V3 Va)™' B 0 Va(la+ gV5Va) ™'V
Oa 1 0 0 1
VsB 0 ViV

Take limits of both sides of this equation, then lim X exist and can be denoted by 1x¢ in
a—r00

which
_ <ZjeA(d) ﬁjivji) (EjeA(d) Uj,-l(j))
Zkes(d) <ZJEA(d) Bjk’vjk> (ZjeA(d) vjkl(j)>

1(4)

Oq

Va3 _ ZieS(d) bs <ZjeA(d) 53‘2‘%‘) <ZjeA(d) ”jil(j)>
0 Zkes(d) <Zj€A(d) Bjkvjk> (ZjeA(d) Ujkl(j))

™
I

VeVl Iy
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5.2.10 Proof of lemma 2.2

Proof. T will first prove that there exist a*, ¢ > 0, such that for any a > «*, there always
exist real roots of the system of equations above and 0 > 7{,v; > —=

Denote v3; by p, then vso =1 — p. Then

6*v310397775 + 0(1 + 8)v3 7772 + 20v31v397172 + (14 6) (a + v35)72 + V31032 = 0

<=0p(1 — p)vivs + 6(1+ 8)p*vive + 26p(1 — p)yvaive + (L +8)(a+ (1 — p)*)v2 +p(1 —p) =0

Suppose this equation is a quadratic function of 75, then the roots are

.~k —80%p2(1 — p)*y?
E 20%p(1 — p)7?
B 2p(1 —p)
T /7 = 8% (1 - p)*y

where

p=08(1+8)p*v} +20p(1 — p)yi + (L +6)(a+ (1 —p)?)

let f(v1) = \/uff(slagﬁ;a—p)?yf’ substitute -y, for f(7;) in the other equation:

8°p(1=p)7; f2 (1) +0(1+0) (1—p)* 1 f2 (1) +20p(L—p)y1 f (1) + (1+6) (a+p* ) +p(1—p) = 0

If there exists a real root of this equation, then there also exists real roots of the system of
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these two equations. Denote the left-hand side by g(v1). It is easy to check that

g9(0) >0

Then the only thing that I need to check is that there exist €, a* > 0 such that for any

a>a*, g(=) <0. When « is large enough,

H5) = 2p(1 —p)

O (4ot (1-p?)+ 0L — (L + D)+ (1 —p?)+OL) - O(H)
- p(1 —p) 1
=TTy O

Then
—€ 1 —€
—) =0(= 146 H— 1—
9(—) =0(—5) + (1 +d)(e+p")— +p(1 — p)
1
:O(a) —e(140)+p(1—p)
let € = %, then g(==) < 0. Since g(-) is a continuous function, there exists a real root
0>y > =
: * —& * * _ 2p(1_P) — p(l—p) 1
Since 0 > Y1 > o 2 = f("}/l) = —u—\/u2—852p2(1—p)2’7f = T (ar(1p?) + O(@)

Following the same logic, I can also prove that
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5.2.11 Proof of lemma 2.3

Proof. By lemma 2.2

. pl-p) 1
L (s T R e

and

(1+6) (e +p*)m :o(é) —p(1—p) —25p(1 — )1y

op*(1 —p)?
(1+06)2(a+p?)(a+ (1 -p)?)

ZO(é) —p(l—p)—2

a
- ((57}3272 + v31 + OZ)(l + 5) + U311}327—1
1

=6U31032a5 + O (1 + 6)vayan2 + 07U31 3201 Y2 + 07V31U320271 Y2
= =701 =p)p+p+a)(l+9d)
= [0p(1 = p)y1 + (1 +6)(1 — p)*1172 + 6°p(1 — P)7i2] a2 — (1 — 8*1172)p(1 — p)as

= —0(1+8)1—pmrye— 1+0)pl—pyn — (1 +0)(a+p)n

_ op*(1 —p)*a i
{ T+ (atatrl—pD O(

)| az

p*(1 —p)?
(1+6)2(a+p*)(a+(1—p)?)

-la-# (1~ p) +O( )] o
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op(1 —p)? 1
(1+0)*(a+p?)(a+(1-p)?)

| 2 p2(1_p)2 i a
‘[ Lo <1+5>2<a+p2><a+<1—p)2>*O(a?’)} 1

p(1—p)
a + p?

=1+ +[2p— (1+9)]

B op(1 —p)a
i { (14 6)(e+p*) (e + (1 —p)?)

+0(5)] o

Follow the same steps as above, equation 4.7 is equivalent to

op*(1 —p) 1
(1+0)*(a+p?)(a+(1—p)?)

" 0(%)] o

p(l—p)
—1—m—[2(1—p)—(1+5ﬂ

_ [_ op(1 —p)a
(14 6)(a +p*) (e + (1 = p)?)

2 p2(1—p)2 i a
! [‘”5 T ot Pt 1 —pp O >] :

Ay
Ay

Az

It is a system of linear equations. It is easy to calculate that a} = and aj = A

5.2.12 Proof of proposition 2.17

Proof. By lemma 2.2 and 2.3

p*(1—p)? 1
L+0)*(a+p*)(a+(1-p)?)
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aj +71a;
1 .

“A. [A2 + 77 As]

R ROy p(1 — p)a

Ay atp? (140 (a+p*)(a+ (1 -p)?)

i sp(1 — p)?
. p-p) P —p)”

T+0)@td)  0roatdat @ p?
op*(1 — p)’a 1

150 at PPt (1 p)) *O(ﬁ)]

1 . 2p(1 — p)a

A (a+p?)(a+(1—p)?)

p(1 —p)*(p(1 —0)* —2(1 +9)) 1
R T P Yy 3 +O<a3>}

and

a3 + 34
_1 2p(1 —p)a
Al (at+p)(a+(1-p)?)
p*(1 —p)((1 —p)(1 —6)* —2(1 +9)) 1

A+ opa+ @+ a-p )
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then

* * ok
« Q] T 710

1y

S 1 IR (G L p(L=p)Pp( =62 =201+6) 1

Tz ol Rl e o e A T ot e R
1

(0P [0 1 (7 + (L~ pP)a] + 25(1~ D)P(L— )7 + O(2)
(1 0P )+ (L) = 204 0Pp(1 = plact p(1 = P01 = 8~ 2(1+9) + O ;)]

—(1+6)*(a®+a) —45p*(1 —p)? = 2(1 +6)p(1 —p)®2 + O
(1+0)2[a2+ (p?+ (1 —p)?)a] +26(1 —0)p*(1 —p)2+ O

and

. 05750

Sl

(14 6)%(a® + a) +40p*(1 — p)* + 2(1 + 6)p*(1 — p) + O(2)
(1+0)? [0+ (p* + (1 = p)?)a] +20(1 = 0)p*(1 — p)* + O(;)

the opinion of naive agent in steady state is

pr* + (1 —p)y*

(1—2p)
(140)2[0?+ (p* + (1 — p)?)a] +26(1 — 6)p*(1 — p)> + O(2)

«

(14 0)2(a? + a) + 46p2(1 — p)? + o%)

When the sophisticated agents are myopic, the opinion of the naive agent in steady state is

(1—2p)(a?®+a)

Z4(1—p)j=
Pe (=Pl = T - 1= pa
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then

pr* + (1 —=p)y" >p2+ (1 —p)y

(1=2p) |(1+6)*(a® +a) +40p°(1 = p)* + O(3) (1—2)(a + a)

(146)%[a®+ (p* + (1 — p)?)a] +20(1 — §)p*(1 — p)2 + O(%) - + (P*+ (1 —-p)?)a

it is easy to check that, when « is large enough

5.2.13 Proof of proposition 2.18

Proof. In steady state, the stage payoff for agent 1 is

I} = —(pz* + (1 = p)y* +1)> — a(z* + 1)°

Since

pr* + (1 —p)y*

(1—2p)
(1+6)2 [0+ (P + (1 — p)2)a] +20(1 — 6)p*(1 — p)? + O(2)

«

(14 0)2(a2 + ) + 4652(1 — p)? + 0(&)
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and

—(1+8)*(a? + a) —46p*(1 — p)? = 2(1 + §)p(1 — p)? + O(
(1+0)?[a?+ (p* + (1 = p)?)a] +20(1 = 6)p*(1 — p)* + O(

QI=[Q =
N~—

I — I,
=—(pz*+ (1 =py +1)° —a(@* +1)* + (pt + (1 — p)§ + 1)* + a(d + 1)°

="+ 24+2)2-2)+alz"+2+2) (2 —2")
Let
I'=[a+ "+ (1 -p)2a] [(1+6)?[e®+ @+ (1 —p)*)a] +26(1—§)p*(1 —p)*+ O(é)

then

. _ —25(1 +6)p(1 — p)3a?® + O(a)
r

T —x

z2—2z2"=

—25(1+6)(1 — 2p)p*(1 — p)?a® + O(«)
r

4+ Z+2

401+ 61— pla* + 0(a?)
r
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o4+ T+ 2

:—4(1 +0)?p(1 — p)ad + O(a?)

r
then
I — 11,
_4d+ 0)3(1 —p)at + O(a®) =26(1 +6)(1 — 2p)p*(1 — p)?a® + O(«)
r r
a_4(1 +0)?p(1 —p)a® + O(a?) =26(1 + §)p(1 — p)*a? + O(«)
r r

_=80(1+0)°(1 = 2p)p*(1 = p)°a® + 85(1 + 6)°p*(1 — p)*a® + O(a”)
2

_8(1+0)°p*(1 —p)*a® + 0(a”) _

I‘Z

On the other hand,

~ —4(149)*pa* 4+ O(a®)
N r

. 25(14+0)p*(1 —p)a* + O(a)
y—vy = T
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y+g—2

_4(1+0)*p(1 —p)a® + O(a?)
T

then

I — 11,

_ —4(149)*pa* 4+ O(a®) =26(1 + 0)(1 — 2p)p*(1 — p)?a® + O(a)
r r
a4(1 +0)?p(1 —p)a® + O(a?) 26(1 + 8)p*(1 — p)a? + O(«)
r r
C80(1+6)*(1 = 2p)p*(1 = p)*a® +86(1 4 0)*p*(1 — p)*a® 4+ O(a”)

_ =
80(1 +6)°p*(1 — p)*’a’ + O(a”)
_ = >0

5.2.14 Proof of proposition 2.19

Proof.
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2"(01) — 2% (da)

(1—2p) [(1 +61)%(0® + ) + 461p*(1 — p)* + O(é)}
(L+61)2 [a? + (p? + (L = p)*)a] + 261 (1 = 61)p*(1 = p)* + O(;)
(1—2p) {(1 + 82)2(a® + @) + 469p*(1 — p)* + O(é)}
(14 82)2 [@? + (p? + (1 = p)*)a] + 20(1 — 02)p*(1 — p)? + O(3)
1—2p

~00)5) [2<1 PO el

+ 461 (1 + 62)*p*(1 — p)2a? — 26,(1 — 6,)(1 4 65)%*p?(1 — p)?a?
—4(1 4 6,)%6:p*(1 — p)2a® + O(a)
1—-2p

=) L+ )L+ 80— dp*(1 = pa’ + O(a)]

Since d; < dg, 2*(d1) < 2*(d2) if and only if 1 —2p > 0
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[T (1) — 117 (d2)

C801(1+61)°p*(1 = p)°a® +0(a”)  80x(1+ 62)°p*(1 — p)°a’® + O(a”)
a I2(6y) - I2(6y)

:m{ [80:(1 +61)*p* (1 — p)2a® + O(a®)] T2(62)

= [80:(1+62)°*(1 = p)*a’ + O(a”)] FW}

1

:m {851(1 4+ 61)3(1 + 02)*p*(1 — p)3at

—8(1 4 61)*62(1 4 65)%p* (1 — p)*at* + O(a13)]

:8(1 + 01)*(1 4 62)%p*(1 — p)* (01 — 02)™ + O(a'?)

T2(5,)T2(5,) <0

5.3 Chapter 3
5.3.1 Proof of Proposition 3.20

The condition

7’2—7’1>——1
p

simply follows from solving the inequality (17). Then plugging into this condition the rates

expressed in Equation 14 yields:

7 1 1
(Ro— =)= (Ri————+1)>-—1
P p oD p
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which implies that Ry > R; must hold for the condition to be satisfied. QED.

5.3.2 Proof of Proposition 3.21

If the lender extends credit to entrepreneurs in {21, then for each dollar lent, it can earn a

return of p(r; — 1). So it is willing to offer secured loans iff

7”121<:>pR121—|—ﬂ

which is satisfied due to condition (A2). Since the lender cannot distinguish between con-
sumers in {25 and (3, it is willing to offer unsecured loans iff its overall return from offering

the contract is non-negative. Formally, the condition is:

Ng(p’f’g — ].) + Ng(ﬁ?“g — 1) 2 O,

implying that Ry > % + % must hold, where p = N;Yng p+ szigNs p. QED.

5.3.3 Proof of Corollary 3.1

Consumers in the high risk segment invest in their ideas only when p(R3 — 1) > @. Substi-
tuting ro = Ry —u/p into this expression yields the necessary conditionR3 — Ry > 4 (lA — l) .

QED.

5.3.4 Proof of Proposition 3.22

We can derive the lender’s optimal strategy by comparing the seven payoffs laid out in the

document. Notice that II3; = Ily; and Il33 = Iy, Calculating the differences between the
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profit functions gives:

u R u _
II33 — 1115 = II30 — 1111 = NQ(p(RQ — 5) — 1) —+ Ng(p(RQ — ;) — 1) — qu(pRg —Uu— 1)
My — e = 32 — 33 = Ni(pR1 —u — 1) — gN1(pRa —u — 1)

u . u
31 — 1 = Na(p(Ry — ;) —1) + N3(p(R1 — ;) -1)

31 — Iy =Ny (p(Ry — Z) — 1) + Na(p(R1 — Z) —1)

+ N3(p(R1 — Z) —1) —gNi(pRy —u — 1)

N u
31 — 32 = —Nop(R2 — R1) — N3p(R2 — R1) + qN1(p(R2 — 5) —-1)

My — Tha = Ny (p(R1 = ) = 1) + (N2 = 20N)(p(R2 = %) = 1)+ Na((z = ) = 1)

u N
I3 — II33 = Ni(p(Ry — 5) —1) — Nop(R2 — R1) — N3p(Ra — Ry)

IM—memwr5>n+mwm—§—n

|

When we compare the expressions

1. If Ry < 2+ 1, then II3; < II;; holds. And

H33>H12<:>H32>H11<:>q<q1‘
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(a) When ¢ < ¢f and q < g5, I3 > Ij; > I3y, 12 and II3p > Tl33. Lender’s optimal
strategy is not to compete with informal market and serve all consumers in €27, and the

interest rates are

Consumers in 25 borrow through their social contacts. So segments with access to

financing are €y, 25" and Q3.

(b) When ¢ < ¢} and ¢ > ¢3, II33 = Iy > I3p > IIj; > I3y and II33 > II15. Lender’s
optimal strategy is either to only offer an unsecured loan and set 1o = Ro — % or to
offer both secured and unsecured loans and set r1 = Rog+1 — % — %, 9 = Ro — %. In the
first case, consumers in §2; do not borrow from the lender, so segments with access to
financing are €2 and 23. In the latter case, only consumers in 2] with social contacts
find it profitable to borrow from the lender, and consumers in 25 borrow from social

contacts. So segments with access to financing are QF, Q5* and 3.

(C) When ¢ > ¢f and ¢ < ¢35, 1111 > II1o > 133 and 1Iy; > 1l39, 1I3;. Lender’s optimal

strategy is to only offer secured loans and set 7 = Ry + 1 — 1 — &, Only Q is served

» T p
by the bank.

(d) When ¢ > ¢f and ¢ > g3, II1o > II;; > II321I3; and ITjo > II33. Lender’s optimal

strategy is to only serve secured loans and set r1 = Ra + 1 — % — %. Only Q7 is served
by the bank.
2. IRy > 2+ Land Ry — Ry > e [p(R1 — ) 1|, then I3 > Iz > 1. We only
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need to compare Ils3, II32 and II;2. Notice that

" _Ng—l—ng(RQ_%)_l
TN p(Ry— ) —1

_ No+ N3 p(Re—Ri)  No+ N3D(Ri—

~—
|
—_

SIS

N1 p(Ry—3)—1 N1 p(Rp—%)—-1
ZpiRl_?_lqu
pRy —u—1

Then the results are the same as the case where Ry < % + %, with the only difference being

that ¢5 > ¢ > ¢7 can not hold.

3. IRy > %+ 1and Ry— Ry <m p(Ri — %) — 1|, then IT3; > TI;; and Iz > 3. We

compare Il3q, II39 and IIy2. Notice

i _No+ N3 p(Ry — Ri)
! Ny p(Ry—7)—1

pRi—u—1 <
pRy —u—1 1

(a) If ¢ > ¢ > g}, then I3 > II3; > II35. Lender’s optimal strategy is to only offer secured

loans and set 1 = Ry + 1 — % — %. Only 27 is served by the bank.

(b) If ¢f < q < ¢, then I3 > I3, II12. Lender’s optimal strategy is to compete with

the informal market and serve all consumers. It either only serves unsecured loans, or

serves both secured and unsecured loans. The interest rates are 11 = R + 1 — 119 - %,

ro = R1 — %
(c) If ¢ < ¢ < ¢, then 3o > II3; > 1. Lender’s optimal strategy is not to compete

with informal market and serve all consumers in €2q, and the interest rates are r; =

5

Ri+1- % — %, ro = Ry —%. Consumers in 25 borrow from social contacts, so segments

IR
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with access to financing are €2y, 25" and (23.

5.3.5 Proof of Proposition 3.23

When (A1)-(A5) hold and there is no informal market, all borrowers are served by the bank
and all entrepreneurial activity is funded. The average innovativeness of entrepreneurial

ideas is

Ny (pR1 — 1) + Ny (pRy — 1) + Ny (pR3 — 1)
Ny + Ny + N3 '

When there is an informal market, as shown in Proposition 3.22, some borrowers can’t access
to credit. For instance, when R; < % + }D and g > qf, ¢;, the bank only lends to Q27 and only
the activity of €25 is funded. The average innovativeness of entrepreneurial ideas is pRy — 1.

Due to (A2) and (A3):

pRy —1
Ny + Ny + N3
>N1 (pRy — 1)+ Ny (pRy — 1) + Ny (pR3 — 1)
Ny + No+ N3

The average innovativeness of entrepreneurial ideas in the latter case is higher.

5.3.6 Proof of Proposition 3.24 and 3.25

The proofs follow from the Proof of Proposition 3.22.
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5.3.7 Proof of Proposition 3.26

Part (i): First let’s prove sufficiency. Suppose that

1 1
Rs — Ry < ﬁﬂ(f — 7)7
p* p?

and let the bank set the joint liability contract terms to

U U
T9 = R2 — 5 C= —.
p? p?
It is easy to check that
Ry —1r9—c=0

pP*(Ry—r2) +p(1—p)(Ry—ry—c) =1

and

. o U

=p(R3 — R2 + —) — p(1 —p)ﬁ
U U
<p|pu(= — =)+ 5| —p(1-D)—
(2 2) pg ( )p2

Both equations (24) and (25) are satisfied. The bank gets all surplus of consumers in 2. So the
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problem is to find the largest 79 and c satisfying:

Ry—19—¢c>0 (3)

Notice that either condition (1) or condition (3) should be binding, otherwise the bank can always
increase 7o to charge more from consumers in s. If condition (3) is binding, then Ry — ry = ¢,
substituting this expression into the other two conditions yields:
Rs — R U u )
u——+R2<r2§R2—P$R3—R2<p(

p P?

U
)
P2

| =

This gives the condition in the proof.

Part(ii): Recall that the overinvestment problem is prevented with individual contracts if R —
Ry < (% — %) . From Part (i), the condition for joint liability is R3— R < ﬁﬁ(zé — 1), Comparing

p

these two regions, u <% - %) < R3— Ry < 1312(;% - ]%) QED.
5.3.8 Proof of Proposition 3.27
We solve for the lender payoff under each strategy and compare the payoffs.

e Lender Offers Only Secured Loans. If the lender chooses to offer only the secured loan,
besides the strategies we discuss in Section 2, it can also choose to forego Q. As we write in
the main text, for simplicity we assume that the the borrowers with strong ties are always

willing to lend to their friends with the lowest interest rate. Besides investments, the only
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income of the consumers in this model is the outside option u, so the lowest interest rate the
the borrower can offer to his friend is 71 — %. Then their friends are willing to borrow from

them if and only if 11 —u < Ry — %, because otherwise their friend will prefer outside option

. The lender can raise the interest rate to u + Ry — % and the expected payoff is

R B U _ _
15 = agNip(a + Ry — ' 1) = agNi(pu + pRy — 4 — p)

Lender Offers Both Secured and Unsecured Loans. If the lender chooses to offer both
secured and unsecured loans, the strategies are different from those in Section 2. We first

show that the lender can no longer serve all consumers. Suppose that the lender is trying to

serve all consumers, then it must be true that

F=r —U>r9=—>11>"0.
However, if 71 > ro holds, consumers in €)1 are always willing to pretend to be consumers in

9, and we have a contradiction. The bank then has to give up on Q; If the bank chooses

to serve all other consumers then the interest rates are ry = Ry +1 — % — % and ro = Ry — %

and the expected payoff is

131 = Ni(p(R1 — Z) — 1) + (N2 — agN1)(p(R1 — 5) 1) + N3(p(R1 — %) —1).

N

If the bank does not want to compete with the informal market, it can raise the interest

rate of unsecured loans to r9 = Ry — %. Then consumers in €25 will also borrow from their

social contacts and the expected payoff for the lender is II3p = Il30. If the lender further
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7%, he can raise the interest rate of secured loans to

does not even try to serve customers in
. The expected payoff is II33 = II35. The lender now can even give up on

_ _1_a
= p P
Q{ and rise the interest rate of secured loans even higher to r1 = u + Ry — %, the expected

payoff then is
u
) + (N2 — agN1)(p(R2 — };) -1)

. a
34 =agN1p(t + Ry — b 1
U N

Ry — —) — 1) 4+ N3(p(R2 —

:an1<pﬂ +1 —p) + Ng(p(

Lender Offers Only Unsecured Loans. It is easy to check that if the lender chooses to

offer only the unsecured loans, he will get either the same or lower expected payoff comparing

with other strategies, so, for simplicity, we assume that the lender always prefers not to offer

only unsecured loans. Since (A6) holds, II;; > I3 > [I3;. It can also be show that

ﬂ34 > ﬂgg, so we only need to compare Ily1, I1;9, ﬂlg, II35 and ﬂ34. Notice that

H11>H12<:>q<q’2k

H11>f[12<:>a<fa’{
q
H11>H32<:>q>q1‘

M > 134 <= a < 50471(1 —q7)

H12>12112C>a<a§

1
IIip > I3y =g < i(qi‘ +q3)
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- 1 * *
o > 1l <= a < (1 - 6%)0‘3

*
. 1
H12>H32<:>Oé>(q;1— )aZ—}—&aT

. N 1
I > I3y <= a > 5q’1“

Comparing these expressions:
1. If ¢ > ¢f, ¢ > ¢35, then Il > II;; > Il30.

(a) In this case, if &« > of anda > %q’f, II5 < f[m and ﬁlg > ﬂ34. The optimal strategy is

only offering secured loans to 7.

(b) If @ > o5 anda < %qi‘, ora<ayand o> (1— %q{)ag, then I1j5 < Il34 and Iy < Ils4,
the optimal strategy is serving Q’{, QQ/Q§ and Q3. f o < ab and a < (1— %q’f)ozg, then

115 > f[34 and Il;jo > ﬂlg, the optimal strategy is only offering secured loans to 27.
2. If ¢ > qf, q < g3, then II1; > II13 and IIy; > Il3o.

(a) In this case, if a > %q{ anda > %oﬁ, Iy, < Il; and IIy5 > Tl34. The optimal strategy
is only offering secured loans to Q{

1

50/{ and o > Laj(1 — ¢f), then I} < I, and

1 1
(b) If = Lof and a < .¢f, or a < 2

q
I1;5 < II54, the optimal strategy is serving Q’{, QQ/Q§ and Q3.
(c) fa< %af and o < %aZ(l —q7f), then II1; > ;5 and TT;; > f[34, the optimal strategy

is only offering secured loans to €21.

3. If q < q{, then 1 — %q{ < O, so Il15 < ﬂ34, ﬂlg < ﬂ34 and IIi; < H32.

(a) In this case, if a > %0{5} — aj, then I3y < Il54, the optimal strategy is the optimal
strategy is serving Q{, Qg/Qé and 3.
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) . . . ok -
(b) If a < %ag — aj, then I3y > Il34, the optimal strategy is serving 2y, 25* and Q3.
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