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Abstract

This thesis aims to compare loan repayment decisions under individual and joint
liability lending schemes using game theoretical models and laboratory experiments.
We find that even under the most unfavourable circumstances joint liability still gains

significantly higher repayment rates than individual liability.

We also examine an alternate joint liability scheme that reduces transaction costs
We find that there are potential benefits from adopting this scheme, as it does not

undermine the high repayment rates achieved under the traditional scheme.

Lastly, we find that reducing the cost of repayment, allowing for communication and

monitoring can improve the repayment rates.
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Chapter 1

Introduction

Moral hazard is a problem that plagues lending businesses. The problem is more
intense when lending to the poor than when lending to large companies. This is
because the amount lent is often very small but the transaction costs are large
compared to the size of the loans. Additionally, it is often hard to require collateral
from the poor to safeguard against defaults. These are the main reasons why the

formal lending sector often neglects the poor.

In recent years, many microfinance institutions have been using joint liability lending
schemes to reduce the transaction costs and default rates. A general feature of joint
liability lending schemes is that a bank lends to a group and all members of that
group are responsible for their partners’ loan repayment. This means that if one
group member defaults, the other members will be cut off from future access to

funding for their businesses. Joint liability creates an incentive for partners to help



each other repay the loans. If a group is well coordinated and is able to overcome a

free-riding incentive, then joint liability schemes can improve social welfare.

It is often claimed that joint liability lending schemes thrive in a society with well-
endowed social capital (Stiglitz (1990); Besley and Coate (1995); Wydick (1999)).
This does not mean, however, that joint liability lending schemes cannot improve
social welfare when borrowers do not have any social connection. The advantage
of group members acting as mutual guarantors still exists and this is called an
“insurance effect”. An insurance effect always exists; if members are willing to help
each other, a group will only default on their loan when all members of the group

have no income.

Unlike previous studies by others, our research does not assume any form of social
capital. We mainly focus on whether humans are able to coordinate with their peers
and benefit from an insurance effect under joint liability lending schemes. In this
thesis, we examine the following questions: (i) Can joint liability lending outperform
an individual liability lending under the most unfavourable circumstances?; (ii) Is
there an alternate joint liability lending scheme that can further improve social
surplus?; (iii) How is a group repayment decision affected by changes in cost of loan

repayment, monitoring, and level of communication?

In Chapter two, we compare welfare under joint liability lending with welfare un-
der an individual lending scheme. We use a simple game theoretical framework to
model the strategic repayment decision. Initially, we assume that each group mem-

ber can monitor their partner’s ability to repay. In other words, we implicitly assume



that borrowers had informational advantage over the bank. Our initial theoretical
results show that the joint liability lending scheme suffered from a free-riding incen-
tive, however it still benefits from an insurance effect and can potentially improve
borrowers’ social surplus. We then relax the assumption on borrowers’ informational
advantage. We find that once the information on their partner’s income become pri-
vate, the incentive to free-ride vanishes. This is because there is a risk that once a

borrower defaults on her loan, her partner may not be able to repay the loan.

We then design an experiment to answer our first research question. There are
only a few experiments that compare joint liability to an individual lending scheme
and focus on borrower’s decision to repay. In Abbink et al. (2006), the individual
liability lending repayment rates used to compare with their joint liability lending
scheme were hypothetical. They also had an ex ante limited number of rounds in
which group members contributed. Our experiment includes an individual liability
lending treatment and has an ex ante infinite number of rounds in which group
members contributed. We improve upon Kono (2006)’s experiment by developing
a clear theoretical framework and predictions for our experiment and only allowing

each subject to participate in one treatment.

We set up our joint liability treatment within an environment that makes it difficult
for subjects to coordinate their loan repayments. Specifically, we set our parameters
such that our theoretical framework predicts an immediate default, while it predicts a
unique repayment equilibrium for individual liability lending. Our results contradict
the theoretical predictions and show that the joint liability treatment outperformed

individual liability. Subjects were able to take advantage of an insurance effect.



Consequently, the results give strong support for using joint liability lending schemes

to improve loan repayment rates and social welfare.

In Chapter three, we explore if we can further improve a traditional joint liability
lending scheme. In practice, one of the main concerns in microlending is the high
transaction costs. Even if a bank is able to sustain high repayment rates, it may
still struggle to stay profitable due to the high transaction costs per borrower. A
common joint liability lending practice where if a group member fails to repay the
loan a borrower is asked to cover for her partner not only encourages free-riding but
can potentially be costly when group members live far apart. This is because when
a group member knows that her partner is able and willing to cover for her, it is
in her best interest to strategically default. The bank then incurs an extra cost of
collecting the repayments. We propose an alternate scheme where group members
are only allowed to contribute once and if there is overpayment, the overpayment is
redistributed equally within the group. The loan only continues if the contribution
is sufficient. By removing a second chance to cover for their partner, this alternate
scheme reduces the free-riding incentive. We show this in our theoretical framework.
Unlike Tedeschi et al. (2006), Rai and Sjostrém (2004) or Bhole and Ogden (2010),
we do not aim to find an optimal lending scheme. We clearly show that our alternate
joint liability lending scheme can either improve or worsen borrowers’ surplus. Our
main focus is on how humans react to the alternate scheme and if there is any gain

from using it.

Our experimental design in the third Chapter closely follows the design in Chapter

two. We leave all parameters and the communication environment unchanged. This



allows us to investigate if there is any significant difference to subjects’ repayment
decisions. The results show that there is no significant difference in the performance

of the two joint liability lending schemes.

Lastly, we explore how changes in cost of loan repayment, monitoring, and level
of communication affect repayment decisions. Changes in these factors may have a
great impact on borrowers’ ability to coordinate and therefore on their social welfare.
It is of great interest to find out how these changes can improve or deteriorate the

repayment rates.

Knowing how borrowers react to changes in cost of loan repayment is important for
a bank to determine an appropriate interest rate which in turn can greatly affect
borrower’s welfare. We show in the third Chapter that as cost of loan repayments
increase, borrowers have stronger incentives to strategically default. In the forth
Chapter, we decrease the cost of loan repayment. Our theoretical framework pre-
dicts that as the cost of loan repayment decreases, repayment rates increase. Our

experimental results confirm this prediction.

Most literature identifies social capital as the main reason for the success of joint
liability lending (Stiglitz (1990); Besley and Coate (1995)). In our theoretical frame-
work, we inherently assume a form of social capital among group members when
they could monitor their partner’s income. Our theoretical results show that having
knowledge of their partner’s income may resolve the coordination problem within a
group. We vary the ability for each member to monitor their partner’s income in our

experiment. The results show that changes in information among group members



only significantly affect the repayment rates when the cost of loan repayment is high
while there is no significant advantage when the cost is low. These results suggest
that changes in the monitoring environment can improve the repayment rates under

certain environment.

Although communication does not affect the final outcome in our theoretical predic-
tion, there are a number of experiments that show that pre-play communication can
improve cooperation within a group (Cooper et al. (1992); Charness and Grosskopf
(2004); Ben-Ner and Putterman (2009)). We vary the way group members com-
municate from a free-form communication to no communication. We expect that
pre-play communication will help group members to coordinate their repayment
and thus increase repayment rates. Our experimental results show that pre-play
communication is only effective in improving loan repayment when there is lack of
information on their partner’s income. This may be because communication is used

as a substitute for monitoring as suggested by Ben-Ner and Putterman (2009).

Chapter five summarises the findings of this thesis and concludes.



Chapter 2

A Comparison of the Performance
of Joint and Individual Liability

Lending Schemes

2.1 Introduction

The business of lending is subjected to moral hazard. The problem is more critical
in developing countries where it is costly to enforce loan repayments. Formal lending
institutions often find it hard to make profits from lending to the poor. This is due
to the high monitoring costs as well as the the inherent moral hazard and adverse
selection problems involved. With these costs, it is difficult for low income borrowers
to obtain a loan from a formal lending sector. Usury seems the inevitable option for

poor people who need start-up capital for a small business. For the poor who want



to start a business, there seems to be no other option but to pay exorbitant rates of

interest on their loans.

In the past, governments in developing countries attempted to intervene by providing
cheap loans through government sponsored credit programs. However, Braverman
and Guasch (1986) reported that the rate of defaults in these programs in Africa,
the Middle East, and Latin America were high - ranging from 40 to 95 percent.
Moreover, most of the money ended up in the hands of the local elite instead of
poor borrowers in need (Banerjee et al. (2011)). These failures are perhaps due
to the inefficiency of market intervention and hidden political motives that drive
the lending program. Armendariz de Aghion and Morduch (2007) and Banerjee
et al. (2011) suggested that other reasons might include informal credit providers
having extra information or more effective means of enforcing the contract than the

state-owned bank.

Lenders often ask for collateral to protect themselves against the misuse of funds
and strategic default. For example, it is hard to get a loan if you do not own land.
Unfortunately, the very poor often do not have any marketable assets to use as
collateral (Armendariz de Aghion and Morduch (2007)). Lenders might therefore use
a borrower’s reputation as collateral. Stiglitz and Weiss (1983) showed that lenders
do not need collateral and can induce borrowers to commit to their investment by
promising a new loan if they are able to repay the current loan. This can cause
problems when borrowers are unable to repay the loan due to misfortunes and not

because of moral hazard. Indiscriminately punishing borrowers who defaulted in



the past may lead to inefficiency since a potentially profitable project might not be

funded.

Joint liability is useful in reducing transaction costs as well as the rate of defaults.
Borrowers will form a group and the loan will be distributed to individuals under
this scheme. Members in the same group are jointly liable for their partners’ re-
payment. If a member fails to repay, the other group members are considered as
defaulting and will lose access to future loans. By taking advantage of lending in
bulk and an insurance effect where borrowers act as mutual guarantors, joint liability
lending schemes can potentially improve the welfare of the society. The Grameen
Bank and its founder, Muhammad Yunus, have demonstrated that lending to the
poor can be self-sustainable and can also change lives. For example, the Grameen
Bank has repayment rates of 98 percent! with some branches achieving 100 percent
repayment rates in 20082. However, many lenders that use joint liability lending
schemes fail to replicate Grameen Bank’s success. Kenya’s Jehudi scheme and the
Good Faith Fund in Arkansas were among some of the failures (Ghatak and Guin-
nane (1999)). The obvious main causes of failure are coordination problems and, in
many circumstances, a free-riding incentive inherent within the joint liability lending

scheme.

Literature supporting the virtue of joint liability lending schemes often focus on

social capital within the community that the formal lending sector lacks. Ghatak

Thttp://www.grameen-info.org/index.php?option=com_content&task=view&id=665&Itemid=685
[28 November 2009].

2http:/ /www.grameen-info.org/index.php?option=com_content&task=view&id=669&Itemid=671[28
November 2009]



10

(1999) showed that joint liability lending is a solution to the adverse selection prob-
lem if borrowers have more information about each other than the lenders. The
result is that through assortative matching, borrowers of the same type will be in
the same group. This is because everyone prefers to be matched with borrowers who
are more likely to succeed rather than with borrowers who are more likely to fail.
The effect is that, although lenders charge the same interest rates for each borrowing
group, the effective interest rates for each type of borrower will be different. This
is the case as in equilibrium, borrowers with less risky projects will be less likely to

have to bail out their partners than borrowers with risky projects.

A bank can also use joint liability lending to create an incentive for borrowers to
monitor each other in cases where the partners can costlessly observe each other’s ac-
tivities (Stiglitz (1990)). Joint liability causes the expected utility of the borrowers
to depend on the ability of their partners to repay which leads to more monitor-
ing among partners. Besley and Coate (1995) and Armendariz de Aghion (1999)
allowed for social penalties and demonstrated that if the social penalties are high
enough, these penalties will lead to improvement in loan repayment rates compared

to individual liability lending.

Rai and Sjostrom (2004) suggested that the best outcome can be achieved by using
cross-reporting. They assumed that the bank cannot observe borrowers’ income,
while borrowers can observe each other’s income. The bank can ask borrowers to
report on the income of any borrower in the partnership and only punish borrowers

who falsely under-report their income. This will induce mutual insurance among
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borrowers whereby a more successful borrower has an incentive to help out their

partners.

The success of the Grameen Bank has shown that joint liability can outperform in-
dividual liability lending under specific settings. Unlike the papers cited above, we
do not assume any kind of social capital among borrowers since we intend to focus
on the insurance effect. The insurance effect is always present whenever there is
more than one party who is responsible for the loan. This is because the probability
that all group members’ projects fail, p’ (where p is the probability that the project
is successful and i is the number of people in a group), is always lower than the
probability that one individual project fails, p. When there is at least one successful
project in a group, the more fortunate group members can help out their unlucky
partners and ensure that all members obtain loans for their future projects. Joint
liability lending automatically creates the insurance effect and can potentially im-
prove the repayment rates. Our aim is to examine under which circumstances using

joint liability lending can lead to higher social welfare.

In traditional joint liability lending, the bank lends to group members simultane-
ously. If the loans are repaid on time, then the lending process continues. When
group members fail to repay, loan officers may pressure the other group members
to repay on behalf of the defaulted members (Armendariz de Aghion and Morduch

(2007)).

Our theoretical results show that a joint liability lending scheme can potentially

improve social welfare even when group members do not have information about each
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other’s income. However, it is unclear whether it actually improves social welfare
since there are multiple equilibria, some of which are less efficient than individual
lending. If group members fail to coordinate on a good equilibrium the social welfare

can be lower than under an individual liability lending scheme.

We use experiments to test if humans can coordinate in such a way that the joint
liability scheme improves social welfare. Our results show that even under circum-
stances least favourable for joint liability to be successful, welfare is much higher

under the joint liability lending scheme.

The organisation of this Chapter is as follows. We first set up a simple game theo-
retical model capturing the main features of a lending situation without collateral.
We then compare the equilibrium resulting from an individual liability lending with
the equilibria under a joint liability lending scheme. With a particular focus on the
differences in predicting social welfare, we design our experiments to test if joint li-
ability lending actually improves welfare. Lastly, we report our experimental results

and discuss their implications.

2.2 Setting

Before we begin to describe our model, we will state our assumptions and the role

of lender and borrowers in our environment.
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Lender: There is only one benevolent lender, the bank, who issues loans under both
an individual and a joint liability lending scheme. The objective of the bank is to

recover the opportunity cost of the funds.

We assume that the cost of funds is constant and equal to ¢ per borrower. Therefore,
to recover the cost of lending, the bank requires an individual borrower to repay at

least c.

Borrowers under joint liability lending: There are two ex ante identical borrow-
ers who both have a project with the same probability of success, capital requirement
and earnings potential. The income from a project is denoted by 6;. For a successful
project, 6; = 7 and for an unsuccessful project, #; = 0. In order to demonstrate the
insurance effect we will also assume that if only one investment is successful, the

resulting return will be sufficient to cover for their partner if needed (i.e. m > 2c¢).

We assume that the probability of success is independent across projects and that
borrowers are risk neutral. To focus on the strategic default problem, we also assume
that borrowers use all income at the end of each period such that they do not
accumulate assets over time. Borrowers have no source of income other than the

return of their investment.

The bank and borrower interaction
We analyse the interaction between bank and borrowers using a repeated game

framework. The timing is as follows.

1. The bank lends to the borrowers.
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2. Borrowers invest in projects with success probability p.

3. Nature independently draws the project outcomes. The borrowers observe the

project outcome.
4. Borrowers then make their repayment decision.

5. If the repayment is sufficient to cover the bank’s cost of funds, then the bank
continues to lend and the process returns to (1). If only one partner has repaid,
then the bank asks this borrower to cover for the other borrower. If the amount
repaid is still insufficient to cover the debt, lending ceases for all members in

the group and the game ends.

Welfare

The expected surplus per borrower for period ¢ is vyp(6; — d;) where v; is the prob-
ability that period t is reached and d; is the amount a borrower decides to repay.
If under a regime, the probabilities of progressing from ¢ to t + 1 are constant (v),

then the ex ante total expected surplus is ). v'(6 — d;) which increases in v.

Definition 1. Other things being equal, a regime is more efficient if and only if the

probability of reaching a new period (v) is higher for all periods.
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2.3 Individual liability versus joint liability lend-

ing: a theoretical comparison

2.3.1 Individual liability lending as a benchmark

As our objective is to determine if joint liability lending can increase social surplus,
we compare joint liability lending to the conventional individual liability lending.
Under an individual laibility lending scheme each individual borrower is responsible
for her own repayment. The bank continues to fund the loans only if the borrower
repays at least c. The bank deters delinquent borrowers from strategically default
by denying credit to those who have defaulted previously. While this reputation
mechanism reduces moral hazard problem, it is inefficient because it also punishes

borrowers when they defaulted due to bad luck.

Suppose a borrower ¢ reached a period ¢t and observed the outcome of her own project
f; but has not yet decided on the amount to repay d;, then her expected future profit

is given by

0; — d; + ¢V
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where V' is the continuation value representing the expected future profits from

repaying the loan, d; € [0, ¢| is the amount repaid by borrowers, and

1 ifd >c

0 otherwise

Proposition 1. Under individual liability the uniquely optimal plan of action is d; = ¢

whenever 6; = m and d; = 0 otherwise iff = <p

This means that an individual borrower will always repay the loan whenever possible

if the loan repayment costs less than the expected income.

Proof. In the case of #; = 0, the borrower has no means to repay and will default.
It remains to check 6; = w. For a strategy to be an equilibrium, we require that a
subject has no incentive to deviate from it. The best deviation for a borrower in this
case is to “take the money and run”. Defaulting on the loan would yield a payoff of

7. A borrower’s payoff from repaying the loan whenever possible is,
T—c+V

where

V=pr—c)> 1

t=0

Note that a borrower who decides not to repay in the future will never repay today.

For this reason, the continuation value is based on repaying whenever possible. Thus,
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d;(m) = ¢ requires

T—c+V >

Therefore, a borrower will have no incentive to deviate if £ < p. O

Because a borrower will repay whenever possible, the probability of reaching a new
period is p (the probability of her project being successful). Therefore, joint liability
is more efficient than individual lending if it can generate a probability of reaching

a new period that is greater than p and less efficient otherwise.

Next we examine if joint liability can improve the efficiency of loan repayment com-
pared to individual liability lending. We show that for a certain subspace of the
parameter space, the efficiency achieved under joint liability either improves on or is
worse than the efficiency achieved with individual liability lending. We first analyse
the case where borrowers know each other’s income, i.e. the complete information
case. We subsequently examine the incomplete information case where borrowers

are only able to observe their own income.

2.3.2 Joint liability under complete information

Under the joint liability lending scheme, the bank lends to each individual member
in a group. However, now group members are not only responsible for their own

repayment but also for their partners’ repayments. If group members are willing to
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cover for each other when they are unable to repay then the joint liability lending
scheme can improve social welfare. Recall that under individual liability the prob-
ability of reaching the new period is p. If the members of a group of two cover for
each other, then joint liability only stops if both are unsuccessful. The probability
of reaching a new period is 2p — p? > p. In a group of two, the bank will continue to
lend to each group member only if the group repays at least 2¢, otherwise all group

members will lose access to future loans.

Under complete information, group members can costlessly observe each other’s
project outcome. Thus we implicitly assume that they have some social connection
with each other where the bank does not (Stiglitz and Weiss (1983)). We will relax
this assumption in the next Section where we analyse the incomplete information

case.

In a standard joint liability lending scheme, when some group members fail to repay
the loan, the bank asks the remaining group members who have repaid their share
to cover for their partners (Armendariz de Aghion and Morduch (2007)). On the
one hand, this can potentially improve social welfare, as now group members are
acting as each other’s guarantors. The group utilises an insurance effect. On the
other hand, there is an incentive to free-ride and strategically default on the loan if

group members believe that their partners will always cover for them.

Although borrowers can in principle choose to repay any amount from 0 to m, for
simplicity we assume that borrowers either default or repay the full amount c¢. That

is, we assume d;(.) € {0,c} Vr where r refers to a repayment round in a given
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period. This assumption does not undermine our objective since the purpose of this
Section is only to show that there can be multiple equilibria for certain parameters.

So restricting the strategy space makes our job harder rather than easier.

The timing for the traditional joint liability lending scheme is as follows.

1. Borrowers observe all §; where 6; € {0, 7}Vi € {i,7}
2. Borrowers take their repayment decisions, d} where i € {4, j} and d} € {0, c}.

3. If d} + d} > 2c¢, loans are renewed and the process returns to (1). However,
if d} 4+ d; < 2c, borrower 7 whose dj = ¢ will be asked to contribute for her

partner. In that case, there is a second loan repayment decision that is,
4. Borrower i with d} = ¢ takes a second repayment decision, d? where d? € {0, c}
5. If Y (d}+d?) > 2c, loans are renewed and the process returns to (1). Otherwise,

the game ends.

Borrower i’s expected payoff is 6; — d} — ad? + ¢V where V' is the continuation value

and

1 if dj +dj < 2c
o =
0 otherwise
\
(
1 ifdj +d; +dj + d5 > 2c
¢ =
0 otherwise




20

A borrower’s expected payoff depends on 1) her income from her investment, 2)
her repayment decision d}, 3) her decision to cover for her partner d?, and 4) her

expected future income from reinvestment if the loan is renewed.

Formally, we consider the strategic game G =< N, (S;),(w;) > in which N €
{i7j}7 8 € SZ where S = {d%(eitaeﬁv Ht7t)?d?(eit;ejt7Htvtadzl(')7djl'<'>>}

Of the potentially many equilibria we exemplarily establish three of particular in-
terest. These three equilibria are labelled: free-ride, default, and cover with trigger
strategy. There is a combination of the parameters where all three equilibria can

occur.

A free-ride equilibrium is the equilibrium where one borrower always covers for
her partner whenever her project is successful while her partner (the free-rider)

only repays when the project of the other player fails.

A default equilibrium is the equilibrium where both borrowers never repay the

loans.

A cover equilibrium with trigger strategy is the equilibrium where initially
both borrowers always repay whenever they can. Once either partner devi-
ates from repaying the loan whenever possible, they will choose to indefinitely

play a default equilibrium.
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A default equilibrium is less efficient than individual liability, while the others are
more efficient by providing maximum insurance. In the case of the latter, one equi-
librium is symmetric (cover with trigger strategy), where the borrowers share the
expected surplus equally, while the other (free-ride) leads to a very unequal distri-

bution of surplus.

Since there are welfare increasing and welfare decreasing equilibria, the question
of whether joint liability theoretically improves welfare for the parameter space dis-
cussed is one of equilibrium selection. This question is answered empirically by using

experiments.

Since a group necessarily defaults if both their projects are unsuccessful, we only
need to focus on the critical states of the world. These states of the world are when

either both or at least one of the projects are successful.

One of the problematic characteristics of joint liability lending is the potential for
moral hazard within a group. When both group members observe that both projects
are successful, they may be tempted to default. This is the case if one of the
borrowers anticipates that her partner will cover for her since the punishment of
never getting a loan again is too strong. In what follows, we will formalise this
idea and show that it is a severe problem. This preliminary step will be helpful for

deriving the above mentioned equilibria later on.

We concentrate on strategies that depend only on the current period’s type drawn

but are independent from history. Thus, we can simplify our notation and drop
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time indexes and history. So denote the repayment decision of player ¢ in round r
for given types 6;,0; as d}(0;,0;) € {0,c} with 0;,6; € {0, 7}.

Proposition 2. There is no stationary equilibrium where d; (m;, 7;) = ¢ Vi.

Proof. First note that d} (m,0) = ¢ always implies the subgame-perfect continuation
d?(m,0) = ¢, since otherwise the game ends with certainty and the initial payment
is lost. Secondly, any strategy that contains d?(m, m) = ¢ for any ¢ cannot be part of
an equilibrium where d} (7, 7) = ¢ Vi. To see this, observe that d?(m,7) = ¢ implies
that the game will continue regardless of djl-(7r, 7) which makes it optimal for player
j to free-ride and choose d} (m,m) = 0. So there are only two strategies remaining

that are candidates: a cover strategy s¢ and a default strategy s¢.3

)

st = (d}(m,7) = ¢, d}(m,7) = 0,d}(7,0) = 0,d?(7,0) = 0, -)

We first will rule out any player using the cover strategy. Observe that d}(m,7) = ¢

requires

T—2c+ Ve >mor

Ve >2c

3We omit i’s actions for the case that her project was unsuccessful since the repayment is
trivially zero.
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where V¢ is the expected continuation payoff for player ¢ playing the cover strategy.*

This is incompatible with the condition for d?(w, ) = 0, which requires

The remaining potential equilibrium entails both players playing s¢. In what follows
we will show that d}(m,7) = ¢ and d?(m,7) = 0 are not compatible in a potential

defection equilibrium. The condition for d}(m, ) = ¢ to be optimal is

T—c+Vixm,

where V¢ is the expected continuation payoff. Observe that d?(w,7) = 0 requires

that

T—2c+ Vi< —c.

Combining the two conditions we find that an equilibrium with d} (7, 7) = ¢ can

only non-generically exist for

4Note that V¢ also depends on the strategy player j plays. The argument holds regardless of if

; . d
J plays s§ or s7.
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Vi =c.

Observe that when both players play s¢ then

V=Y pp*(r — )+ p(1 = p)r]

p(m —cp)
1—p?

and

V-d:c—>c:p7r

7

which is ruled out by assumption.

Our proof shows that once the borrower decides to repay in the first repayment round
and the expected income is higher than the cost of repayment, then she will always
cover for her partner if asked to. Due to this, there is always an incentive to free-ride
for the other group member. This free-riding incentive makes it difficult for partners
to collaborate and to secure the benefits from insuring each other. Despite this, the
joint liability lending scheme can still perform better than individual liability lending

through an insurance effect.
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The following Proposition shows that there is a stationary equilibrium where one
borrower free rides while the other borrower covers. The “free rider” only contributes

if the “sucker’s” project is unsuccessful in order to prevent defaulting.

Proposition 3. There exist an equilibrium with the strategy profile s¥ = (s;,s;)
where

st =(d\(m, ) =c,d(m, ) =c,")

3 (2

s = (d;(.,m) =0,d>(.,m) = 0,d}(m,0) = ¢,d}(,0) = ¢, )

P
g < 2(1—p+p2) -

Proof. We first consider player i. We will show the condition where s} is optimal
when player j plays s;. Note that given that player j plays s;, d}(m,.) = ¢ always
implies the subgame-perfect continuation d?(r,.) = ¢ since otherwise the game ends

with certainty.

The condition for d}(r,.) = ¢ to be optimal requires

5The - represents the remaining part of the strategy, which is trivial.
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where V; is the expected continuation payoff for player ¢ when s; and s; are played

by player ¢ and j.

Observe that when s; and s; are played

Vi=) (1-@
=0
p(m — 2¢)

T 12

1

—~

p)

Thus player ¢ will play d}(7,.) = c iff <

™

then

—p)*) (p(m — 2¢))

__ Db
< 2(1-p+p?)°

Now consider player j. Note that if s} is played, it is optimal for j to play d}(w, ) =

0, since the game will continue regardless of her action. Also, d; (7,0) = ¢ always

implies the subgame-perfect continuation d?(’/T, 0) = ¢. We will show the condition

required for player j to play dj(m,0) = c.

Observe that dj(m,0) = ¢ requires

When s; and s; are played then
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c _p
=k

Thus the condition required for s} to be optimal is

Since the condition for s} to be optimal is always stricter, the free-ride equilibrium

ist iff & __p
exist iff = < P

This equilibrium is more efficient than that under individual liability lending. The
probability of reaching a new period in the free-ride equilibrium is 1 — (1 —p)? while
it is only p under individual liability lending. The efficiency gain comes from an
insurance effect. In the free-riding equilibrium, the loan can be repaid even if the
project of one of the group members fails. However, the free-riding equilibrium is
disadvantageous for one of the borrowers since the surplus is not shared equally.
The free-rider ex-ante expected surplus for the next period is p*7 + p(1 — p)(7 — 2¢)

in each period, while her partner’s surplus is only p(m — 2¢).

Unfortunately, for some parameter values, a socially harmful equilibrium exists. We
call this equilibrium the default equilibrium where borrowers never repay any loan

and the probability to get to a second period of loans is zero.
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Proposition 4. There exist an equilibrium with the strategy profile sf = (d} (6;,6;) =

d2(dM6,,0;)) = 0) Vi, 0;}Vi iff £ > L.

Proof. Note that the best deviation from this default strategy is to always repay,
di(m,m) = c. Also, note that d}(r,7) = ¢ implies the subgame-perfect continuation
of d?(m,m) = ¢, since otherwise the initial repayment is lost. Thus the condition

required for (d}(6;,0;) = d2(d;(6;,6;)) = 0) to be optimal is

> 7r—20+2ptp(7r—20)
=0

=

3o
N3

In this equilibrium, the probability of reaching a new period is zero. We have multi-
ple equilibria and thus a coordination problem whenever £ < £ < m. Whether
joint or individual liability is more efficient depends on the equilibrium selected by
the players. If they can resist the free-riding incentive and coordinate, then they
will be able to reach a higher total surplus than they would have achieved under
individual liability lending. Only when the cost of repayment per unit of income

(£) is low enough, then the traditional joint liability lending scheme is undoubtedly

welfare improving.
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We have seen so far that joint liability has a potential to improve the total surplus in
an equilibrium where the division of surplus is very skewed (a free-ride equilibrium).
Next, we show that there exists a symmetric equilibrium in trigger strategies that
both improves welfare and also leads to an equitable surplus distribution. We will
show that by threatening to default, the trigger strategy can induce higher levels of

cooperation among group members.

First we define a stage game strategy which represents covering for the other player
if possible. Player k plays covering in the stage game if s§ = (di.(7,7) = ¢, di (7, 7) =

¢, di(m,0) = ¢,di(m,0) = c,-).

Proposition 5. There exist an equilibrium with

s; A Sj—n) =38; Yn>0

Sit = vV oiedij}
di(0;,0;) =0 V6,,0; otherwise

ift

[0S

< £ <p*(2-p).

Proof. Note that from Proposition 4 we know that the trigger action after a deviation
from s is a subgame-perfect continuation iff £ > £. It remains to show that action

sy, is optimal when s} is played by the other player.

Observe that when all players follow a cover equilibrium with defaulting as trigger
strategy, d} (m, ) = c always implies the subgame-perfect continuation of d?(m, 7) =
c. Also, note that dj(m,0) = ¢ always implies the subgame-perfect continuation of

di(m,0) = c since otherwise, the game ends immediately and the initial payment is
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lost. In what follows we will show the conditions under which playing d}(m,7) = ¢

and d}(m,0) = ¢ is optimal for all players i € {4, j}.

For d}(m,m) = ¢ to be optimal we require

T—c+Vi>nm+pr

Vi > pr+c (2.1)

while for d}(m,0) = ¢ to be optimal requires

T—2c+Viz>m

Vi > 2

where Vii = >72 (1 — (1 = p)*)'(p*(7 — ¢) + p(1 — p)(7 — 2c)).

Our assumption implies ¢ > pr. Therefore, the condition for d} (m, 7) = c is stricter.

It follows that s is optimal iff Equation 2.1 holds, which requires £ < p*(2 —p).

Note that this equilibrium is not only more efficient than that under individual

liability lending but also gives players an equitable income. The probability of
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reaching a new period under this trigger strategy is 1 — (1 — p)? which is higher than
p in individual liability lending. Also, note that the parameter space where this
cover equilibrium with trigger strategies exists is larger than that where the free-
riding equilibrium can be supported. Trigger strategies increase the space where

joint liability is more efficient than an individual liability lending scheme.

C
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FI1GURE 2.1: Joint liability under complete information

Figure 2.1 summarises the equilibria we have shown so far. We show £ (the cost of
repayment per unit of income) on the vertical axis and p (the probability that the

project is successful) on the horizontal axis. The cost of loan repayment is equal to
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the expected income on the 45° line. Assuming that borrowers are rational, they
will not be willing to repay the loan in the space above the line. We only select
three possible equilibria as an example. There can be many more equilibria that can
achieve full efficiency. However, our main interest is to show that there can be many
equilibria with different welfare consequences for the same parameters. In the green
and orange areas, the free-ride equilibrium exists. The default equilibrium exists in
the space above the green area. Note that the default equilibrium can also exist
in an area below the 45° line. This means that for some parameters, a joint liabil-
ity lending scheme might lead to immediate default where individual lending does
not. In the magenta area, we have a cover equilibrium with trigger strategies. Note
that when the probability of success is very low, the threat is ineffective since the
player would rather deviate in the current period. Thus, there is a space where the
free-riding equilibrium exists but the cover equilibrium does not exist. The Figure
also shows an overlapping area(dark brown area) where all the equilibria described
above can occur. In this overlapping area, the resulting social welfare depends on

the borrower’s equilibrium selection.

2.3.3 Joint liability under incomplete information

We relax the assumption that group members can costlessly observe each other’s
project outcome, such that the results in this Section do not rely on social capital
in the lending community. In this Section, 6; is known to only borrower ¢ but

not to others. After observing their own returns, borrowers then simultaneously
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send a message about their project’s outcome, m;(6;), to their partner. We assume
that messages are restricted to either “my project is successful”’ or “my project is
unsuccessful”, denoted by 7 and 0 respectively. Borrowers then form a belief about
their partner’s income from the project and simultaneously decide on the amount
to be repaid. Borrowers can either reveal their true type or lie when they send out

their messages.

We have shown in the previous Section that the structure of joint liability lending
encourages free-riding, so it cannot necessarily take advantage of the insurance effect.

Without any information, it will be even harder for group members to cooperate.

The lending scheme is the same as described in the previous Section. However, since
borrowers do not have information on each other’s income, the timing of the game
is changed. For this game, the timing is:

1. Borrowers observe only 6; where 6; € {0, 7}Vi.

2. Borrowers simultaneously send a message m;(6;) where m;(6;) € {0, 7}Vi.

3. Borrowers then make a repayment decision, d.

4. If dj + dj > 2c, loans are renewed and the process returns to (1). However,
if d} 4+ d; < 2c, borrower 7 whose dj = ¢ will be asked to contribute for her

partner. In that case, there is a second loan repayment decision that is,
5. Borrower i with d} = c¢ takes a second repayment decision, d?

6. If > (d}+d?) > 2c, loans are renewed and the process returns to (1). Otherwise,

the game ends.
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The borrower’s payoff is identical to the case of complete information.

Formally, we consider the strategic game G =< N, (S;),(uw;) > in which N €
{i, 7}, 8i € S where s; = {m (i), dz‘l(eita m;e(0j¢), Hy, t), d?(eitymjt(ejt)a

Ht, t, dll(), djl()} Vt, Ht7 Qit, Gjt and EUZ’(SZ'7 Sj) = 91 — dzl — Oédz2 + QbV

We will concentrate on the socially best and worst equilibria, a cover and a default
equilibrium. We will also show that in the case of private information, a param-
eter space exists where both equilibria can be sustained. The default equilibrium
is less efficient than the unique equilibrium under an individual liability lending
scheme, while the cover equilibrium is more efficient as partners take advantage of

an insurance effect.

The main problem with the case where borrowers cannot monitor each other’s
project outcome is that both group members have an incentive to lie when they
are successful. This might prevent group members from taking advantage of an in-
surance effect. When a borrower anticipates that her partner will cover for her, she
always has an incentive to lie and free-ride. In what follows, we will formalise this

idea and show that it is a severe problem.®
Separating equilibrium

Because we are interested in determining if joint liability can improve social welfare
compared to individual liability lending, we first consider the case where a separating
equilibrium can potentially improve social welfare. In what follows we show that

borrowers have an incentive to lie to their partner when their project is successful.

6We ignore the case where players lie when their project is unsuccessful since in that case,
players cannot repay and will immediately default.
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Proposition 6. There is no stationary equilibrium where m;(7) # m;(0) Vi and the

probability of reaching a new period is greater than p.

Proof. First note that under complete information, Proposition 2 has shown that
there is no stationary equilibrium where d}(7,7) = ¢ Vi. Thus any strategy that
contains d} (m,m) = ¢ Vi cannot be part of an equilibrium where m;(7) # m;(0) Vi.
Recall that in any separating equilibrium, the messages lead to certainty about the

state of the world (the returns from the projects).

Note that Proposition 4 shows that the default equilibrium exists whenever £ < £

regardless of the realised type profile. So there is a stationary equilibrium where
m;(m) # m;(0) Vi. However, under the default equilibrium, the probability of

reaching a new period is 0 < p.

The remaining potential non-stationary separating equilibrium is the equilibrium
containing the actions outlined in Proposition 3 where one player is a “sucker” and

the other is a “free-rider”. In what follows we will show this set of strategies:

S: = (dzl(ﬂv ) =6 d?(?‘[‘, ) =6 )

* 1 2 1 2
Sj = (dj(ﬂ-v ) = O7dj(7r7 ) = Ovdj(oaﬂ—) =G dj(()?ﬂ—) =G )

is not compatible with sending a truthful message when the project is profitable.
Consider the case where both players would send a truthful message. Observe that

for player i to send m;(mw) = 7 requires
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T—2c+V>2r—(1-p2c+V

(1 —p)2c > 2c

Since (1 — p)2c is always smaller than 2¢, player i always has an incentive to lie.

Proposition 6 shows that borrowers have an incentive to lie and free-ride on their
partner when their project is profitable. Because their partner cannot verify the
message, coordinating to mutually improve their welfare is harder with incomplete

information.
Next, we consider the case where borrowers do not send a truthful message.
Pooling equilibrium

In this case, the belief after observing a message is equal to the prior belief, p(m|m;) =
p Vm; since updating is not possible. Although there is no separating equilibrium
that is more efficient than the individual liability lending scheme, we will show that
for a certain parameter space there exists a pooling equilibrium that is more efficient

than the individual liability lending.

Proposition 7. There exist an equilibrium with the strategy profile sf = (d}(r,.) =

¢ di(m,d; =0) =c,d;(m,d; =c)=0,-) Viiff

< b
7r<2—p



Proof. First note that d;(w,d; = 0) = 7 is subgame-perfect following dj(r) = ¢
since otherwise the game ends with certainty and player ¢ loses her initial repayment.
Secondly, when djl» = 7, it is always in player 7’s best interest to take d?(m, d} =) =

0. It remains to show the condition required for d}(r,.) = ¢, which is

pr—c)+ (1 —p)(r—2¢)+V; =7+ pV;

(2—p)c

Vi >
1—-p

where V; is the expected continuation value for player ¢. When both players play s;

then

Vi=> (1= (1=p»)'@*(r — ) +p(1 —p)(r - 2¢))
p*(m —c) +p(1 — p) (7 — 2c)
(1-p)? '

Thus, d}(,.) = ¢ is optimal when
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This equilibrium generates higher surplus per borrower than the individual liability
lending. The probability of reaching a new period is 1 — (1 — p?) which is greater
than p. Note that the incomplete information does not have a free-riding problem
found when borrowers have complete information. Since it is now uncertain whether
the potential “sucker” will be able to repay, there is less incentive for borrowers to
deviate from repaying ¢ whenever they can. This is because lending only ceases when
both borrower’s projects are unsuccessful. Thus they benefit from the insurance
effect. Despite this positive point, there exists a coordination problem since a default

equilibrium exists. This is established in the following Proposition.

Proposition 8. There exist an equilibrium with the strategy profile sf = (d} (6;,6,) =

d3(d(0;,0;) = 0) V0, 0;}Vi iff £ > L.

Proof. As the borrowers never repay independent of the realised type profile, the

proof is analogous to that of Proposition 4. m
In this case, lending immediately ends after the first round. Therefore, if borrowers

select to play this equilibrium, they will obtain the lowest possible surplus.

Figure 2.2 shows the parameter spaces where the two equilibria exist. Of the many

possible equilibria, we concentrate on the cover and the default equilibrium. The
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FIGURE 2.2: Joint liability under incomplete information

cover equilibrium exists in the light blue area. In the red area, the default equilib-

rium exists. Both equilibria exist in the overlapping area (purple area).

2.4 Welfare comparison

The main objective of this Chapter is to compare the maximum expected total

surplus between different lending schemes. Specifically, we want to know under
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which circumstances we can potentially benefit from an insurance effect using a
joint liability lending scheme. In this Section, we compare the individual lending

scheme and the joint liability lending scheme under both information structures.

Proposition 9. Under complete information, joint liability lending can improve the

maximum expected total surplus if § < £ < p?(2 —p).

Proof. Definition 1 states that a regime is more efficient if and only if the probability
of reaching a new period is greater. If the condition above is satisfied, the most
efficient equilibrium yields a probability of reaching a new period of 1 — (1 —p)? > p
which is the probability of reaching a new period under an individual liability lending

equilibrium.
O

Proposition 10. Under incomplete information, joint liability lending can improve

the maximum expected total surplus when £ < £ < 52,

p

<
T

Proof. The proof is analogous to Proposition 9.
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2.5 An experimental comparison of joint liability

and individual liability lending scheme

For the past few years, many microcredit institutions have moved from joint to in-
dividual liability lending. While there are suggestions that this means joint liability
is less efficient than individual liability (Armendariz de Aghion and Morduch (2007)
and Kono (2006)), it may only mean that institutions and their clients have now
matured such that standard debt contracts are able to prevent adverse selection and
moral hazard. As shown in the previous Section, joint liability may improve loan
repayment rates and efficiency but also has limitations. One limitation of the joint
liability lending schemes is that the amount of loans that lenders can distribute de-
pend on the amount that the group members are able and willing to mutually insure
for one another. Banks normally only cater for small loans which may not be ade-
quate for a growing business. Madajewicz (2004) showed that individuals with fast
growing businesses may prefer individual liability contracts over joint liability. The
move from joint to individual lending in some cases may be a result of many clients
wanting to break free from their lower income partners. An alternative reason could
be that joint liability actually does not increase efficiency. As shown in the previous
Section, besides the efficiency increasing equilibria, there are also equilibria that
lead to immediate default with a lower surplus. In what follows, we use an experi-
ment to compare welfare of a joint liability lending scheme to that under individual
lending. Our results reveal that joint liability lending does have significantly higher

repayment rates than individual liability lending schemes. The results explain the
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observed switch towards individual lending in some countries which do not seem to

originate from high default rates under joint liability lending.

Most existing papers that use observational data focus mainly on the factors that
make joint liability lending work and on the question of whether social connections
have an impact on loan repayment (Ahlin and Townsend (2007); Wydick (1999);

Karlan (2007)).

Gomez and Santor (2003) provide the only study to date that directly compares
the performance of joint liability lending to that of individual lending using obser-
vational data. They used data from two Canadian microfinance institutions and
applied a matching approach. They matched individuals that are taking part in
group lending with others that are as similar as possible regarding their observable
characteristics but are enrolled in an individual lending program. This approach
allowed them to estimate the repayment rates conditional on subjects taking part in
group or individual lending. Gomez and Santor found that repayment rates under
joint liability contracts are better than under an individual lending scheme. The
weakness of this study is that there might still be a selection bias. If selection into
the programs correlates with an unobservable variable that also has an influence on
the probability of repayment, then the results are biased. For example, if we consider
social preferences, it is quite possible that borrowers with stronger social preferences
are more likely to opt for the joint liability lending scheme and are also more likely
to cover for the shortfalls in repayments of their group members. A similar selection
bias can come from implicit success probabilities being correlated with the chosen

lending scheme.
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Experimental methods in the laboratory or the field are ideal to overcome these
problems since lending schemes can be assigned randomly. Furthermore, experi-
menters can ensure causality by using experimental control. By only varying single
elements, any behavioural change can clearly be attributed to this change. However,

the usual caveat regarding a possible lack of external validity applies.

Currently, there exist only a few laboratory experiments that compare the effective-
ness of individual and joint liability lending. Abbink et al. (2006) conducted an
experiment comparing individual and joint liability lending where subjects played a
game similar to a voluntary contribution mechanism for public goods for a limited
number of rounds. They varied the group sizes and how the group was formed to
test the effect of group size and social ties in joint liability lending. Their results
showed that joint liability lending outperformed individual lending in all of their
treatments. Their results even held in groups with as many as eight members. How-
ever, the design concentrated on the free-riding aspect of group lending and did not

investigate the insurance effect.

Cason et al. (2008) compared individual and joint liability lending by varying the cost
of monitoring for both peer monitoring and lender monitoring. In their treatment
there was one player in a group who acted as a bank and made lending decisions. In
their setup, the authors excluded strategic default by assumption and consequently
the effectiveness of each lending scheme was assessed by comparing the lending rate
by the bank and the average level of monitoring across schemes. The study found
that if monitoring costs among borrowers were lower than those of the banks, then

joint liability lending outperformed individual liability lending.
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Werner (2010) isolated the impact of moral hazard in a joint liability lending scheme.
The efficiency in each treatment and scheme was measured by the level of effort
players put into their projects. Strategic default was excluded by assumption. In the
study, subjects were first allocated to a joint liability lending scheme and were later
transferred to an individual lending environment. The exact rules of the individual
lending environment differed by treatment. Werner found that even though joint
liability lending outperformed individual liability, there were moral hazard problems

under joint liability lending.

The results from field experiments are mixed. Kono (2006) conducted a field experi-
ment in Vietnam where joint liability games were similar to the one we implemented
in the lab. The joint liability scheme typically performed worse than individual
lending due to free-riding. Only when monitoring, communication, and endogenous
group formation was possible did joint liability lending improve efficiency. However,
Kono’s study has a few important weaknesses. For example, there is no theoretical
model predicting the outcomes for the joint liability lending scheme and she had the

same subjects played in more than one treatment.

Gine et al. (2010) used data from a natural experiment in the Philippines where loan
centres gradually converted joint liability loan contracts into individual liability loan
contracts, while all other aspects stayed the same. They found that there was no
change in loan repayment rates after the conversion. Their results implied that joint
liability itself does not improve the loan repayment rates. However, prior to removing
the joint liability contracts, the bank had already reissued loans to borrowers in good

standing even if someone in the same group had defaulted. This seems to suggest
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that the joint liability lending contracts used earlier had already helped screen for

superior projects.

Our experimental design is most similar to those of Abbink et al. (2006) and Kono
(2006) since we also focus on repayment decisions and not on effort or monitoring.
While Abbink et al. compare joint liability lending with hypothetical individual lia-
bility results, we also run an individual liability treatment in our lab as a benchmark.
Abbink et al. model joint liability lending as a one round voluntary contribution
mechanism which is repeated if the sum of repayments exceeds a threshold (up to
eight times). Our experimental design however allowed subjects to explicitly decide
if they would like to make an additional repayment for their defaulting partner.
Another main difference is that we do not have an ex ante finite number of rounds,
while Abbink et al. clearly states that subjects will only be playing for a maximum
of eight rounds. This could have a significant impact on the results. With a finite
number of rounds, backward induction predicts that subjects will never cooperate
with each other while it is possible for subjects to cooperate in our infinitely re-
peated game in equilibrium. Our design also provides more control than Kono’s
experimental design. This is because we only allow each subject to participate in

only one treatment.

2.5.1 Experimental design

The experimental design follows the theoretical framework closely. We set the prob-

ability of a successful project at p = 0.6 and the successful project revenue to $£100.
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Under individual liability lending, we set the repayment cost ¢ to $£40 while the
repayment cost is $£45 for the joint liability lending treatment. The slight differ-
ence in cost is made to stack the deck against the joint liability lending scheme. The
cost of $F45 is just large enough to render the efficient cover strategy equilibrium
inconsistent. Therefore, with incomplete information used here, we would predict
immediate default for the joint liability treatment while the low cost of $£40 in the

individual lending treatment should lead to repayment whenever possible.

In the joint liability lending scheme treatment the timing is as follows.

1. Subjects learn their project outcome. If their project is successful, they earn

$F£100. Otherwise, they do not earn anything and cannot make a repayment.

2. The partners can communicate with each other before reaching their repay-
ment decision of either 0 or $£45 by choosing one of the following three mes-
sages: “I do not want to talk”; “My project is successful”; “My project is

unsuccessful.”

3. If the total repayment of the group is equal to $£90, the game continues to
the next round. If the total repayment is $F£45, the subject who repaid will
be asked to make up for the rest of the group’s liability. Subjects can either

choose to repay an extra $£45 or to default.

4. Once the repayment decision is final, we reveal the amount each subject con-
tributed, profits for the round, and if the repayment is sufficient for the game

to continue.
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Since we want to test if a joint liability lending scheme can perform better than
individual lending, we pick the most unfavourable scenario for joint liability lending.
This is a situation with incomplete information with limited communication and a

slightly higher repayment requirement.

We also run the individual liability treatment as a benchmark where each individual
subject is informed about her project’s outcome and makes an independent repay-
ment decision. Table 2.1 shows the average number of rounds without default and

repayment rates predicted by the theory for both treatments.

TABLE 2.1: Theoretical predictions for individual and joint liability lending

Treatments Repayment rates

IL 0.6
PIMsg 0

* IL is an individual liability treatment and PIMsg is the joint liability treatment
with incomplete information and messages

According to the theory, we formulate the following hypothesis.

Hypothesis 1. The individual liability treatment has statistically higher loan repay-

ment rates than the joint liability lending treatment.

2.5.2 Experimental procedures

We conducted our experiment in the AdLab at the University of Adelaide, Australia

using the computer program ‘z-Tree’ (Fischbacher (2007)). Subjects were recruited
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using ORSEE (Greiner (2004)). There were four sessions with 74 participants. Each
session only contained one treatment. Most of the subjects were university students
from various disciplines. The sample population comprised approximately equal
numbers of male and female subjects. Subjects were given context-free instructions

outlining the game at the beginning of each session.

Under the individual liability treatment, each individual was informed of the out-
come of her project and informed that to continue the game, they needed to repay
at least $£40. Once the repayment decision was made, we showed the profit from
the round. The game continued to the next round if repayments were sufficient.

Over all, subjects played 10 games.

In the joint liability treatment, two subjects were randomly paired to form a group.
Each subject’s identity remained anonymous throughout the session. Subjects were
informed that a game consisted of an undetermined number of rounds and that they
would play 5 games in a session. After each game, we randomly changed the group
composition such that subjects were never matched with the same partner twice.
Each subject could chose to send one message out of the three described above or
choose not to send any message. After subjects had realised their project outcome,
they could choose to either repay $F45 or to pay nothing. If the group’s total
repayment was $£90, profits were shown and the game continued to the next round.
If the group’s total repayment was $F45, the subject who decided to repay $45 was
asked if she wanted to make up for the rest of the loan repayment. If she did, profits

were revealed and then the game continued to the next round. In the default case
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(both failed to repay when asked in the first repayment round or someone refused

to cover), the game ended and profits for the round were displayed.

Overall, the experiment was designed such that a new game did not start until
all groups (or individuals under the individual-liability treatment) in the session
had completed the current game, causing a considerable waiting period for some
subjects. To reduce any continuation incentive due to boredom, we allowed subjects
to do other quiet activities while waiting. Subjects were informed about this when
we invited them such that they could bring study materials, a magazine, or a book

to the session.

After each session, the subjects were paid in cash. The subjects were paid a show-
up fee of AUD 5 and their earnings during the session. The exchange rate was one
Australian Dollar for 50 Experimental Dollars. On average, each session took about

one hour and subjects earned about AUD 22.

2.5.3 Results

Our main objective of the experiment is to test whether joint liability can reduce
the default rate under the least favourable setting. Recall that from our definition,
the greater the probability of reaching a new period, the higher the welfare. We
use a logistic regression model to test how each state of the world under different
lending regimes affects the probability of reaching a new period. The subsequent
Section shows that although there is an adverse effect when only one member has

a successful project compared to individual lending, a joint liability lending scheme
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still reaches a significantly higher estimated average repayment rate compared to

that of individual lending.

2.5.3.1 An overview of loan repayment

The characteristics of the data point our analysis to a logistic regression model. The
dependent variable is zero if the repayment is insufficient and one if the repayment

is sufficient for the game to continue; the covariate is treatment dummies.

logit{ Pr(continue = 1)} = By + Xy + €u

where Ind, Joint1, Joint2 are the treatment dummies. Ind is the individual liability
treatment and is the base category; Jointl is the joint liability treatment when only
one borrower has a successful project; and Joint2 is the joint liability treatment

when both borrowers have a successful project.”

The left hand side of Table 2.2 shows the estimated log odds that the game contin-
ues. According to the logistic regression, the log odds that the game continues is
negatively related to the joint liability treatment where only one member’s project
is successful as well as when both members’ projects are successful. The probability
of reaching a new period decreases with joint liability treatment. This shows that

subjects faced coordination problems when playing as a group.

"We omitted the states of the world where there is no success under both individual and joint
liability lending since the subjects will automatically default and there is no decision made.
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TABLE 2.2: Logistic estimation of continuation probabilities: Individual and Joint
liability lending

Variable Coefficient  Predicted continuation probability

Constant 3.231%**

(.320)
Ind 962
(.010)
Joint1 ~1.633%%* 832
(.320) (.021)
Joint2 -.136 957
(.418) (.013)

Log likelihood=-243.279; LR chi2(2) = 41.24; Prob>chi2 = 0.0000

standard errors are shown in parentheses X gignificant at 0.001

The right hand side of Table 2.2 shows the predicted probability that the game
continues under different states of the world. Notice that the predicted probability
that the game continues is very close to one in all treatments and states of the
world. The predicted probability of one means that under a certain state of the
world, subjects always repay and the new period is reached with the probability of
one while the predicted probability of zero implies that subjects never repay the
loan. These results reveal that when one or both subjects are able to repay the loan,
they will most likely do so. For example, under a joint liability lending scheme,
when both group members have a successful project they are predicted to repay 96

percent of the time.
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2.5.3.2 Comparing individual and joint liability lending

First, we test if there is any statistically significant difference in the probability that
the game continues under the three different states of the world. We find that there
is a significance difference between the individual liability treatment and the joint
liability treatment when there is only a single success (p < 0.05). However, there
is no statistically significant difference in the continuation probability between the

individual liability and joint liability with double successes (p & 0.747).

We then calculate the predicted repayment rates of each treatment using the under-
lying probability for a certain state of the world to occur. For an individual liability
lending treatment, the probability that there is one successful project is p = 0.6.
For a joint liability lending treatment, the probability that there is one successful
project is 2p(1 — p) = 0.48 and the probability that both projects are successful is
p? = 0.36. The estimated repayment rate under an individual liability lending is
57.7 percent while the estimated repayment rate under a traditional joint liability
lending scheme is 74.4 percent. Even though the individual liability treatment yields
significantly higher continuation probability than the joint liability treatment with
a single success, the joint liability lending still performs better than the individual
liability lending. Our overall results emphasise the advantage of the insurance effect.
We then tested if this difference of predicted repayment rates across treatments is

statistically different. Formally we test:

p(ind) z 2p(1 — p)(jointl) + p?(joint2)
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where ind is the predicted probability of continuation (at the mean) under individual
liability treatment; joint1 is the predicted probability of continuation (at the mean)
under joint liability treatment when there is only one success; and joint2 is the
predicted probability of continuation (at the mean) under joint liability treatment

when there are two successes.

The test strongly rejected the null hypothesis (p < 0.05). There is a statistically
significant difference in the estimated repayment rates under joint and individual

liability lending treatments.

Result 1. A joint liability treatment has statistically higher loan repayment rates

than an individual liability lending treatment.

The results contradicts our theoretical prediction that, with our parameter settings
and information structures, individual liability lending should outperform joint lia-

bility lending.

Our results show a very strong support for the joint liability lending scheme where
even under the most difficult setting for subjects to overcome coordination problems
and free-riding incentives, joint liability is still more efficient than an individual lia-
bility lending scheme. The insurance effect boosts the benefit of using joint liability

lending.

These results also contradict a field experiment in Vietnam by Kono (2006) where
they found that individual liability outperforms the joint liability lending scheme.
The difference may be due to the different subject pool and the conditions in which

the experiment was conducted.
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2.6 Conclusion

In this Chapter, we examined the potential welfare gain from using joint liability
lending. By not making any assumption on social capital, we were able to focus on
the benefits of an insurance effect and explain the repayment behaviour of group

member in a broader context.

Our theoretical results showed that under complete information, the joint liability
lending scheme is afflicted with incentives to free-ride. However, if the cost of repay-
ment per unit of income is low enough and the group members are able to coordinate

and repay, it can still benefit from an insurance effect.

Theoretically, a joint liability lending scheme under incomplete information will not
be able to improve social welfare compared to an individual liability lending scheme
if the cost of loan repayment per unit of income is high and the probability that
the project will be successful is low. In that case, group members have no incentive
to cover for one another and we end up in a default equilibrium which generates
lower social surplus than an individual liability lending scheme. However, if the
probability that the project is successful is high then there are two countervailing
effects that can lead to joint liability to improve or worsen social surplus. Either
the high chance of success leads to more defaulting borrowers due to the free-riding

incentive or it leads to a higher incentive to cooperate for long-term gain.

We used an experiment to test our theoretical prediction and analysed whether our
subjects were able to overcome the free-riding incentives such that joint liability

could lead to a higher social welfare than individual liability lending. Our results
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contradicted our theoretical prediction that for the chosen parameters free-riding
dominated and showed strong support for the joint liability lending scheme. Subjects
in our experiment appeared to be able to overcome the free-riding incentive and were

able to take advantage of the insurance effect.

In the next Chapter, we propose an alternate joint liability lending scheme that
performs no worse than the one that is used by most microlending institutions but

potentially could save considerably on transaction cost.



Chapter 3

An Alternate Joint Liability

Lending Scheme

3.1 Introduction

In the previous Chapter, we outlined the moral hazard problems inherent in lending
and explained that the problem is more severe when borrowers do not have collat-
eral. We also outlined that joint liability can potentially improve social welfare via
the insurance effect where borrowers in a group cover for their partner whenever
possible. Although a traditional joint liability lending scheme creates an incentive
to free-ride, borrowers can still benefit from the insurance effect. Whether a joint
liability scheme can improve social welfare compared to individual lending depends
on the equilibrium selected. Joint liability can only improve welfare when borrowers

are able to coordinate with each other. Our experiment in the previous Chapter

56
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demonstrated that, moving from an individual liability lending scheme, partners in
a joint liability scheme can improve their social surpluses even with minimum ability

to communicate and no information about each other’s income.

In practice however, even though micro lending such as the Grameen Bank can
achieve high repayment rates, these high repayment rates do not necessarily lead
to financial sustainability of the bank (Armendariz de Aghion (1999)). The main
culprit is often attributed to high transaction costs per borrower (Armendériz de
Aghion and Morduch (2000)). This is because the cost of monitoring and collecting
repayments does not change significantly with the size of the loan and most loans

are very small.

Collecting loan repayments can be even more costly when group members are ge-
ographically separated. If one of the members fails to repay, then it creates even
higher transaction costs since the bank will have to ask the non-default members to
cover for their partner. It is possible to improve a joint liability lending scheme if
we can find a mechanism where borrowers can benefit from an insurance effect but

with fewer transactions between the bank and the borrowers.

We propose an alternate joint liability lending scheme that can potentially reduce
transaction costs. In our scheme, once the loan is due a loan officer will collect
the repayment from each group member according to what they are willing to con-
tribute. There is no “second chance” in matching the repayment required for the
bank to continue lending to the group. Any overpayment from a group will then

be redistributed equally among group members. Our theoretical results show that



o8

under certain parameters, our proposed scheme has the potential to perform better

than current practices.

We test this alternate joint liability lending scheme against the current practice in
further experiments. Our results confirm that there is no statistical difference in the
performance of the alternate scheme and the current practice. This means that the
repayment rates in our scheme are not different from those in the usually employed
scheme. Therefore, if our scheme is implemented, it could save considerable trans-
action cost since only one round of repayments is involved without leading to higher

default rates.

The organisation of this Chapter is as follows. We first set up a simple game the-
oretical model for our alternate joint liability lending scheme. Subsequently, we
compare the predicted equilibrium welfare under this alternate scheme with that
under a traditional joint liability scheme. Then we explain our experimental design
which we use to test for performance differences of the schemes. Finally, we report

our experimental results and discuss their implications.

3.2 Setting

We retain our assumptions regarding the lender’s role as well as our assumptions on
borrowers from the first Chapter. The only change we make here refers to the timing

and the rules for default. There is only one lender whose objective is to recover the



29

opportunity cost of the funds. The borrowers’ role under the alternate scheme is as

follows.

Borrowers under joint liability lending: There are two ex ante identical borrow-
ers who both have a project with the same probability of success, capital requirement
and earnings potential. The income from a project is denoted by 6;. For a successful

project, ; = m and an unsuccessful project pays 6; = 0.

The difference between the alternate scheme and the traditional joint liability lending

from the previous Chapter is the interaction between the bank and the borrower.

Bank and borrowers interaction

We again use a repeated game framework with the following timing and rules.

1. The bank lends the money to the borrowers.

2. Borrowers invest in projects with a success probability of p.

3. Nature independently draws the project outcomes. Borrowers observe the

project outcome.

4. Borrowers decide on their repayment amount.

5. If the repayment is sufficient to cover the bank’s cost of funds, then the bank
continues to lend and the process returns to (1). Otherwise, lending ceases for
all members in the group and the game ends. If a group overpays, then the

amount overpaid is redistributed equally among group members.
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3.3 An alternate joint liability lending scheme

There are criticisms that the punishment under the current approach to the joint
liability lending is too harsh(Tedeschi et al. (2006); Rai and Sjostrom (2004)) and

that we can further improve social welfare by modifying the current approach.

Tedeschi et al. (2006) considered an infinitely repeated game where defaulted bor-
rowers are denied credit for only a certain period of time. She suggested that the
current practices, where defaulted borrowers will not have access to another loan in
the future, is inefficient since some potentially profitable projects may not be funded.
She then showed that dynamic incentives are still effective in deterring strategic de-
fault borrowers even though the punishment period is limited. Lenders do not need

to punish defaulted borrowers indefinitely to encourage loan repayment.

Rai and Sj6strém (2004) took a different approach to the loan repayment problems.
Instead of focusing on social sanctions or peer monitoring, they focused on designing
a mechanism which generated the most efficient outcome. They argued that while
joint liability may induce higher loan repayment, it is not always efficient. In par-
ticular, the system where the bank imposes punishment on an involuntary defaulted
group is inefficient. They suggested that the best outcome can be achieved by using
cross-reporting where group members report their partner’s income to the bank.
This system enables the bank to only punish borrowers who falsely under-report
their income. This would induce mutual insurance among borrowers where a more

successful borrower has an incentive to help out their partner. Rai and Sjostrom’s
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underlying assumption on the efficiency of this mechanism is that group members

have lower cost of monitoring each other than the bank.

While cross-reporting may achieve the best possible outcome, Bhole and Ogden
(2010) argued that it leads to “tension amongst borrowers”. They proposed a “flex-
ible group lending contract” where the bank’s punishment on the defaulted group is
based on the amount repaid by each borrower. That is, the bank’s punishment to
each borrower is endogenously determined based on each group member’s repayment
decision. They demonstrated that even though this mechanism is less efficient than
the cross-reporting mechanism, the performance is still better than using conven-

tional individual lending contracts.

Although the alternate mechanism described above may improve social welfare, the
mechanism required a more sophisticated tool and heavily relied on the loan officer’s
judgement. Our alternate scheme is a simple “rule of thumb” that is easy to imple-
ment. This may not always yield the most efficient outcome however we assert that
it can still generate higher welfare than an individual liability lending scheme. Thus,

there is still potential welfare to be gained from adopting the alternate scheme.

As in the previous Chapter, we will start with the case where we assume that group
members can costlessly verify their partner’s project outcome. We will later relax
this assumption in the next Section when we assume incomplete information among

borrowers.
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3.3.1 An alternate scheme with complete information

Under complete information, we assume that group members can costlessly monitor
project outcomes of their partners. This assumption implies that group members

have certain social capital lacked by the bank.

We have shown in the previous Chapter that the repayment structures of a tradi-
tional joint liability lending scheme encourage free-riding when both group members
have a successful project. We proposed some changes in repayment structures that
may improve a joint liability lending scheme by implicitly asking group members to

“cover” for their partner and then redistribute any overpayment back to the group.

Under this scheme, the timing is:

1. Borrowers observe all 6; where 6; € {0, 7}Vi € {i,j}
2. Borrowers take their repayment decision, d; where i € {i,j} and d; € (0, 7).

3. If d; + d; > 2c, loans are renewed and the process returns to (1). If d; +d; >
2¢, the bank redistribute $(d; + d; — 2¢) back to each member. However, if

d; +d; < 2¢c, the game ends.

When borrower i reaches a period ¢t and observed her project’s outcome 6; but has
not decided on the amount to be repaid d;, then her expected future profit is given

by 6; — d; + ¢V + %A(di + dj — 2c) where V is the continuation value representing
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the expected future profits from repaying the loan and

0 otherwise

1 ifd;+d; > 2¢

0 otherwise

Borrower’s expected payoff depends on 1) her income from her investment, 2) her

repayment decision d; ,and 3) the amount her partner repaid.

Formally, we consider the strategic game G =< N, (5;),(u;) > in which N €
{Z',j},SZ‘ - Sz where S; = {di<9itu‘9jt7Htat>} \V/t, Ht,Qit,th and Eui(si,sj) = 91 —

di + ¢V + sA(d; + d; — 2¢).

Of the many equilibria we illustrate three - cover, default, and cover with default
as trigger strategy. We show that there is a space of parameters where all three

equilibria coexist.

A cover equilibrium is the equilibrium where both borrowers always repay ¢ when
they have successful projects and if one of them has an unsuccessful project,

a successful partner repays 2c.
A default equilibrium is the equilibrium where group members never repay.

A cover with default as trigger strategy equilibrium is the equilibrium where

initially both borrowers always repay ¢ when they have successful projects and
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if one of them has an unsuccessful project, a successful partner repays 2c.
However, once any player deviates from repaying the loan even though they

could, borrowers will never repay again.

A cover and a cover with default as trigger strategy equilibrium represent the best
possible equilibrium where group members benefit from an insurance effect. The

default equilibrium results in the worst possible welfare for group members.

Since a group necessarily defaults if both their projects are unsuccessful, we only
need to focus on the critical states of the world. These states of the world are when

either both or at least one of the projects are successful.

One problem with a traditional joint liability lending scheme shown in the previous
Chapter is that group members always have an incentive to free-ride. Unlike the

traditional scheme, our alternate scheme encourages cooperation within a group.

We later use an experiment to determine if the alternate scheme can improve social

welfare compared to a traditional joint liability scheme.

We first look at strategies that depend only on the current period’s type drawn but
are independent from history. We can simplify our notation and drop time indexes

and history. So denote the repayment decision of player ¢ in round r for given types

91-,9j as dz(ﬁl,ej) S {O,C} with 91',9]' S {0,7T}.

Proposition 11. There exists an equilibrium with the strategy profile sf = (d;(m, 7) =

¢, di(m,0) = 2¢,-) Viiff

< p 1
= 2(1-p)tp?

<
™

IThe - represents the remaining part of the strategy which is trivial.
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Proof. First note that the condition required for d;(m,0) = 2¢ to be optimal is always
stricter than the condition required for d;(7, ) = ¢. Observe that when both players

play s;, d;(m,m) = c only requires,

T—c+V;

WV
3

while the condition for d;(m,0) = 2¢ requires

T—2c+V,>m

where V; is the continuation value when both players play s; and

Since the condition required for d;(m,0) = 2c is stricter, the critical condition for

this equilibrium is = < 3

< __pP
7f (1-p)+p?°
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First note that this equilibrium is more efficient than the equilibrium under in-
dividual liability lending. The probability of reaching a new period in the cover
equilibrium is 1 — (1 — p)? while it is only p under individual liability lending. The
efficiency gain comes from an insurance effect. Lending only ceases when both of
the borrower’s projects are unsuccessful. The cover equilibrium also achieves the
highest expected surplus for a group of two borrowers as lending will cease only if
the joint profit from the project is not sufficient for the loan repayment. Secondly,
note that unlike in the traditional joint liability lending, this cover equilibrium can
be achieved without a trigger strategy. It is also superior to the free-ride equilibrium
resulting from traditional joint liability lending in that borrowers are sharing their

surplus equally.

Unfortunately, there is also the least efficient equilibrium where joint liability lend-
ing results in lower social surplus than individual lending. We call this equilibrium
the default equilibrium, where borrowers never repay the loans and the game imme-

diately ends in the first stage.

Proposition 12. There exists an equilibrium with the strategy profile s} = (d;(6;,6,) =

0) Vi, a default equilibrium, iff £ > £

Proof. As the other player will never repay the loan, we only have to check that

there is no incentive for player i to deviate to repay 2c. The condition required for
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d;(6;,6;) =0 to be optimal is

-2
1—p
Therefore the condition is £ > L

Note that this equilibrium achieves the lowest expected surplus for a group of two

borrowers as the probability of reaching a new period is zero.

From our results, there are coordination problems if £ < £ < Q(PPW' Note that
the parameter space where the alternate scheme can potentially improve welfare
is larger than under a traditional lending scheme. This is because the repayment
structure implicitly requires group members to cover for their partner. It is possible
for group members to cooperate and play “cover” equilibrium even though the cost
of repayment per unit of income (£) is quite high. However, the final outcome
depends on the equilibrium selected by borrowers. If they can coordinate on the
cover equilibrium in parameter areas where the best equilibrium in the traditional

scheme does not exist, then they will gain higher surplus from using the alternate

joint liability scheme.

We have seen that trigger strategy has a potential to improve total surplus in a cover
equilibrium under a traditional joint liability lending scheme. In our alternate joint
liability scheme, a trigger strategy is not helpful. Specifically, the parameter space

in which a cover equilibrium without a trigger strategy can be sustained is greater
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than that where a trigger equilibrium exists. We demonstrate this in the following

Proposition.

First we define a stage game strategy, which represents covering for the other player
if possible. Player k plays covering in the stage game if s, = (dg(7, 7) = ¢, di(7,0) =

2¢, ).
Proposition 13. There exists an equilibrium with
sq i sj—n) =5k Yn >0

Sit =

d,(0;,0;) =0 V0;,0; otherwise

iff%’g%gpQ(Q—p).

Proof. Note that from Proposition 12 we show that the second action is optimal iff

> L. It remains to be shown that action s is optimal when s} is played by all

players. In what follows we will show the conditions where playing d;(m, 7) = ¢ and

d;(m,0) = 2¢ is optimal for all players i € {7, j} when both players play s;.

We first show that for d;(m,7) = ¢ to be optimal requires

T—c+Vi>n+pr

Vii =z pr+c

while for d;(7,0) = 2¢ to be optimal requires
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where Vii = 377%,(1 = (1= p)*)'(p*(m — ¢) + p(1 = p)(7 — 2¢)).

Our assumption implies ¢ > pr. Therefore, the condition for d;(7, 7) = c is stricter.

It follows that s, is optimal if and only if £ < p*(2 — p).

Note that this equilibrium is more efficient than that under individual liability lend-
ing. The probability of reaching a new period under this trigger strategy is 1—(1—p)?
which is higher than p in individual liability lending. Note also that a parameter
space where a cover equilibrium with trigger strategy exists under this alternate
scheme is the same as the space under the traditional joint liability lending scheme.
Observe that there are some parameter values where the cover equilibrium without
a trigger strategy can reach a better welfare than the equilibrium with a trigger

strategy.

Figure 3.1 summarises the equilibria we have derived so far. We show the cost
of repayment per unit of income (£) on the vertical axis and the probability that
the project is successful (p), on the horizontal axis. Rational borrowers will not

be willing to repay the loan in the space above the 45° line. We only select three
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possible equilibria as an example. There can be many more equilibria such as a
non-cover equilibrium where group members only repay the loan when both of them
have a successful project. The non-cover equilibrium yields lower social welfare than
individual liability lending as the loan for both players will end with certainty even

if one of them has a successful project.

The green and brown areas are where cover equilibrium exists. Notice that a sce-
nario where borrowers may play cover equilibrium almost touches the 45° line. This
means that under the alternate scheme, joint liability can be very efficient even with-
out using a trigger strategy. The orange area, brown, and dark brown areas are the
space where only default equilibrium exists. It is mainly above the 45° line where it
is not profitable to repay the loan and to continue their investment. The dark brown
area is where a cover with default as trigger strategy equilibrium exists. Notice that
this area is smaller than the area where cover equilibrium exists. This is because
the punishment from the trigger strategy is so harsh that for some parameter values
borrowers are not willing to inflict it on each other. The overlapping area is where all
of the equilibria described above can occur. In this overlapping area, the resulting

social welfare depends on borrowers’ equilibrium selection.

3.3.2 An alternate scheme with incomplete information

We now relax the assumption that group members can costlessly observe the project

outcome of their partner. In this Section, #; is known to only borrower ¢ but not
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F1GURE 3.1: An alternate joint liability under complete information

to others. After observing their own returns, borrowers then simultaneously send
a message about their project’s outcome, m;(6;), to their partner. We assume that
messages are restricted to either “my project is successful”” or “my project is un-
successful”, denoted by 7 and 0 respectively. They then form a belief about their
partner’s income from the project and simultaneously decide on the amount to be
repaid. Borrowers may reveal their true type or may lie when they send out the

messages.
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The lending scheme is the same as described in the previous Section. However, the

timing of the game has changed. For this game, the timing is:

1. Borrowers observe only 6; where 6; € {0, 7}Vi.
2. Borrowers simultaneously send a message m;(6;) where m;(6;) € {0, 7}Vi.
3. Borrowers then make a repayment decision, d;.

4. If (d; + dj) > 2c, loans are renewed and the process returns to (1). Otherwise,
the game ends. The bank redistributes 3(d; + d; — 2¢) back to each member if

di + dj > 2c.

The borrower’s payoff is identical to the case of complete information.

Formally, we consider the strategic game G =< N, (S5;), (u;) > in which N €
{i,7}, si € Si where s; = {m(0i1), di(0ie, mje, Hy, ), Hyy t, di(.), dj(1)}

\V/t, Ht7 Qit, tgjt and Eui(si, Sj> = 61 - dl + ¢V + %)\(dz + dj — 20)

We show that with incomplete information, the alternate regime loses its advantage
over the traditional joint liability lending scheme. This is because under incomplete
information, players in the traditional scheme lose much of their free-riding incentive,
since they no longer have a guarantee that the partner can cover for them in the

second round.

We demonstrate the coordination problem by focusing on the two socially best and
worst equilibria, a cover and a default equilibrium. We show that both equilibria

can coexist under a certain parameter space. The default equilibrium is less efficient
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than the unique equilibrium under individual liability, while the cover equilibrium

is more efficient since partners take advantage of an insurance effect.

When borrowers cannot monitor their partner’s project outcome, they will always
have an incentive to lie when they have a successful project. In what follows, we will
formalise this intuition and will show that this can create difficulties for borrowers

to benefit from an insurance effect of joint liability lending.?

3.3.2.1 Separating equilibrium

We first show that borrowers have an incentive to lie to their partner when their

project is successful except when they both intend to default and let the game end.

Proposition 14. There is no stationary equilibrium where m;(m) # m;(0) Vi where

the probability of reaching the new period is greater than p.

Proof. First, note that Proposition 12 takes into account that the default equilibrium

exists whenever £ < £ regardless of the realised type profile. There is a stationary

<
s

equilibrium where m;(7) # m;(0) Vi. However, under the default equilibrium, the

probability of reaching a new period is 0 < p.

The remaining potential non-stationary separating equilibria are the equilibrium
containing the action s¢ = (d;(7,7) = ¢,d;(7,0) = 0,-) Vi and the equilibrium
containing the action from Proposition 11 which is s¢ = (d;(7,7) = ¢,d;(7,0) =

2¢,-) Vi.

2We ignore the case where players lie when their project is unsuccessful since in that case,
players cannot repay and will immediately default.
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First we investigate the conditions for which s¢ is compatible with m;(r) # m;(0) Vi.

Observe that d;(m, ) = ¢ requires

T—c+V,2>m

and d;(m,0) = 0 requires

T=>m—2c+V,

2c

WV
~

where

V=Y () (0’(r — ¢) +p(1 - p)7)

t

p*(m—c)+p(l—p)7
1—p2 '

Combining the two conditions, we find that the action s¢ requires 5 fpz, <z <p

Sending m;(m) # m;(0) Vi requires,



I0)

which is already the condition for the s? equilibrium. Sending a truthful message
is compatible with this action. However, the game will only continue when both

players are successful and the probability of reaching a new period is p? < p.

We next show that the action s® is incompatible with sending a truthful message

when the project is profitable. For player i to send m;(7) = 7 requires

T—c—(1=p2c+V2r—(1-p2c+V

Since (1 —p)2c is always smaller than 2¢, player ¢ always has an incentive to lie. The

proof for player j is analogous to that of player .

Proposition 14 has shown that if borrowers cannot monitor each other’s project out-

come, then they cannot take advantage of an insurance effect by playing a separating
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equilibrium.

3.3.2.2 Pooling equilibrium

In any pooling equilibrium, the belief after observing a message has to be the prior
belief p(m|m;) =p Vm,;, since updating is not possible. We show that even though
there is no separating equilibrium that is more efficient than an individual liability
lending scheme, group members can still take advantage of an insurance effect and

improve their surplus.

Proposition 15. There exists an equilibrium with the strategy profile s} = (d;(7,.) =

Proof. Note that the best deviation from d;(7,.) = 2c is to always default given that
player i’s partner is playing this cover equilibrium. The condition required for s} to

be optimal is

7r—2c+pc+p7r—20+pcz t}ﬁ—i—
t=0

= e
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Note that the condition for this equilibrium is the same as the condition for a cover
equilibrium under the traditional joint liability scheme. This equilibrium is more effi-
cient than the equilibrium under individual liability lending and achieves the highest
expected surplus. This is because the bank will always get the repayment unless
both group members have unsuccessful projects. The probability of reaching a new
period under this equilibrium is 1 — (1 — p)?. As the range where this is possible is
narrower, there is less chance of reaching this equilibrium than when subjects have

complete information.

Unfortunately, there also exists a minimum-welfare equilibrium where lending ceases

immediately after round one.

Proposition 16. There exists an equilibrium with the strategy profile s = (d;(0;,6;) =

0 V) Viiff <>z

Proof. As the borrowers never repay independently from the realised type profile,

the proof is analogous to that of Proposition 12. O

Figure 3.2 shows that when there is incomplete information, the alternate lending
scheme is not inferior to the traditional joint liability lending scheme. In the blue and
the purple areas, it is possible for group members to play the cover equilibrium. The

coordination problem still exists in the parameter space where the red and the blue

< & ; on these

areas overlap. That is, there is a coordination problem when § < 55

c
parameter values both the most and least efficient equilibrium exist. Remarkably,

under this alternate scheme the area where maximum insurance is an equilibrium is
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FIGURE 3.2: An alternate joint liability under incomplete information
hardly smaller under private information compared to the case where states of the

world are observable.

3.4 Welfare comparison

In this Section, we compare the potential welfare benefit from our alternate joint

liability lending scheme with the traditional one under both information structures.
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Proposition 17. Under complete information, the alternate scheme can potentially

improve the maximum expected total surplus if QO;W <2< w.

Proof. From the previous Chapter, the conditions where a traditional joint liability

lending scheme reaches the maximum total surplus are £ < m and £ < £ <
p*(2 — p). The alternate scheme performs best when £ < m.

Since p*(2 — p) and m are always less than m when p < 1, the alter-
nate scheme allows for an efficient equilibrium in the range in question, while the

traditional scheme does not.
O

Proposition 18. Under Incomplete information, the alternate scheme can potentially

achieve the same social welfare as the traditional scheme.

Proof. From the previous Chapter, the condition where a traditional joint liability

< 2. This is the same condition required

lending scheme performs best is 5

for borrowers under the alternate regime to be able to fully take advantage of the

insurance effect.
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3.5 An experimental comparison of an alternate

and a traditional joint liability lending scheme

We use an experiment to compare the efficiency between the alternate joint liability
lending scheme and a traditional joint liability lending scheme. If subjects are able
to cooperate well and take advantage of an insurance effect in our alternate scheme
as they were in the traditional scheme, then it might be advantageous for the bank
to use the alternate joint liability lending scheme to enable them to reduce the
transaction costs. Recall that the alternate scheme does not require a second round

of repayment decisions.

3.5.1 Experimental design

The experimental design follows the theoretical framework described in this Chapter.
In the previous Chapter we set the probability of a successful project to p = 0.6 and
the successful project revenue to $£100. We retained these parameters so that we

can compare the results with those of the previous Chapter.

The timing of the game is similar to the traditional joint liability lending scheme de-
scribed previously. The only change is that instead of having a two-step repayment,
we only allow subjects to make a single repayment decision. The game timing is as

follows.
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1. Subjects learn their project outcome. If their project is successful, they earn

$E£100. Otherwise, they do not earn anything and cannot make repayment.

2. The partners can communicate with each other before reaching their repay-
ment decision by choosing one of the following three messages: “I do not want
to talk”; “My project is successful”; “My project is unsuccessful”. They can

enter any amount to repay from $£0 to $£100.

3. If the total repayment of the group is at least $£90, the game continues to
the next round. Otherwise, the game ends. Any overpayment is redistributed

equally among subjects in that group.

Because our main interest is to compare the alternate scheme with the traditional
joint liability lending scheme, we retain the information structure used in the pre-
vious experiment. This is a situation with incomplete information with limited

communication and a cost of repayment of $E£45.

In theory, we should expect all groups to immediately default under both joint
liability lending treatments. However, we have seen from the previous Chapter that
subjects were able to overcome the free-riding incentive. Therefore, we formulate

the following hypothesis:

Hypothesis 2. There is no statistical difference between the estimated repayment

rates of the alternate and the traditional joint liability lending scheme.



82

3.5.2 Experimental procedures

We conducted our experiment in the AdLab at the University of Adelaide, Australia
using the computer program ‘z-Tree’ (Fischbacher (2007)). Subjects were recruited
using ORSEE (Greiner (2004)). There were two sessions with 42 participants. Each
session only contained one treatment. Most of the subjects were university students
from various disciplines. Subjects were given context-free instructions outlining the

game at the beginning of each session.

The experimental procedures are the same as described in the previous Chapter.
That is, two subjects were randomly paired to form a group. The identity of each
subject remained anonymous throughout the session. We changed the group compo-
sition after each game such that they would not be matched with the same partner
twice. Subjects were informed at the beginning of the session that they would play
5 games in a session and that each game consisted of an undetermined number of
rounds. Group members are able to send the same messages as in the traditional
lending treatment. As subjects realised their project outcome, instead of choosing
the amount they would repay, subjects were asked to enter the amount they would
be willing to contribute. If the group’s total repayment was at least $£90, profits
were revealed and the game continued to the next round. If the total group’s con-
tribution was higher than $£90, then the excess amount was redistributed equally
within that group. Otherwise, the game ended. Since a new game did not start
until all groups in the session had completed the current game, we allowed subjects

to do other quiet activities.
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After each session, the subjects were paid in cash. The subjects were paid a show-
up fee of AUD 5 and their earnings during the session. The exchange rate was one
Australian Dollar for 50 Experimental Dollars. On average, each session took about

one hour and subjects earned about AUD 16.

3.5.3 Results

In this Chapter we compare an alternate scheme with the traditional joint liability
scheme under an incomplete information condition and with limited communication.
We use a logistic regression model to test how each state of the world under different
lending scheme affects the probability of reaching a new period. The subsequent Sec-
tion shows that there is no significant difference in the estimated average repayment

rate between the two lending schemes.

3.5.3.1 An overview of loan repayment

We use a logistic regression model. The dependent variable is 0 if the repayment is
insufficient and 1 if the repayment is sufficient for the game to continue; the covariate

is treatment dummies.

logit{ Pr(continue = 1)} = By + Xy + €u

where Joint1, Joint2, Alt1, Alt2 are the treatment dummies. Joint1 is the traditional

joint liability treatment where only one borrower has a successful project ; Joint2
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is the traditional joint liability treatment where both borrowers have a successful
project; Altl is the alternate joint liability treatment when only one borrower has a
successful project and is the base category; and Alt2 is the alternate joint liability

treatment when both borrowers have a successful project.?

TABLE 3.1: Logistic estimation of continuation probabilities: traditional and
alternate joint liability lending

Variable Coefficient Predicted continuation probability

Constant 1.542%**

(.320)
Joint1 056 832
(.222) (.021)
Joint2 1.553 %%+ 957
(.348) (.013)
Altl 824
(.024)
Alt2 1.108%** 932
(.366) (.021)

Log likelihood=-346.156; LR chi2(3) = 35.85; Prob>chi2 = 0.0000

standard errors are shown in parentheses K gignificant at 0.001

The left hand side of Table 3.1 shows the estimated log odds that the game continues.
The log odds of reaching a new period is positively related to the traditional joint
liability lending scheme. The probability of reaching a new period decreases slightly

when we switch from a traditional to the alternate joint liability scheme.

3We omitted the states of the world where there is no success since the subjects will automati-
cally default and there is no decision made.
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The right hand side of Table 3.1 shows the predicted probability that the game
continues under different states of the world. Recall from the previous Chapter that
the predicted probability of reaching a new period of one means that under certain
states of the world, subjects will always repay the loans. Table 3.1 shows that
coordination is easier and the predicted probability of continuation is higher when
both group members have successful projects. The predicted probability of reaching
a new period for both traditional and the alternate joint liability scheme under this
state of the world is very close to one. However, when only one group member has
a successful project, it is harder to coordinate the loan repayment. Observe that
the probability of reaching a new period under a single success is approximately 10

percent lower than that under double successes in both treatments.

3.5.3.2 Traditional versus alternate joint liability lending

We test whether there is any statistically significance difference between the tradi-
tional and the alternate joint liability treatment under difference states of the world.
Our results show no statistically difference between the two treatments in both states
of the world (p ~ 0.801 when there is one successful project and p ~ 0.317 when

there are double successes).

We then use the value obtained from Table 3.1 to calculate the estimated repayment
rates. Recall that the estimated repayment rate under the traditional joint liability
lending scheme is 74.4 percent. We used the same method and underlying probability

for a certain state of the world to occur to compute the estimated repayment rate
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under the alternate scheme. The estimated repayment rate is 73.1 percent which is
a little lower than the estimated repayment rate under the traditional scheme. We
then test if there is any significant difference between repayment rates of the two

treatments. Formally we test:

2p(1 — p)(jointl) + p?*(joint2) E 2p(1 — p)(altl) + p*(alt2)

where jointl is the predicted continuation probability (at the mean) under the
traditional joint liability treatment when there is only one success; joint2 is the
predicted continuation probability (at the mean) under the joint liability treatment
when there are two successes; altl is the predicted continuation probability (at the
mean) under the alternate joint liability treatment when there is only one success;
and alt2 is the predicted continuation probability(at the mean) under the alternate

joint liability treatment when there are two successes.

We cannot reject the null hypothesis that there is no difference between the two
treatments (p ~ 0.473). There is no statistically significant difference in the esti-
mated repayment rates under an alternate and a traditional joint liability lending

scheme.

Result 2. There is no statistically significance difference between the estimated re-

payment rates under the traditional and the alternate joint liability lending scheme.

The results conform with our prediction that when there is incomplete information

among group members, both joint liability lending schemes can potentially reach the
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same welfare level. However, the results also contradict our theoretical prediction
that when the cost of loan repayment is $F£45, the repayment rate should be zero.
This may be because group members reciprocated their partner generosity when
their project failed and thus lead to a higher level of cooperation than anticipated

by the theory.

3.6 Conclusion

In this Chapter, we examined an alternate joint liability lending scheme that may
reduce transaction costs. It was not our aim to find an optimal joint liability scheme
but rather to find an alternate scheme that can reduce transaction costs without
compromising the high repayment rates. Since our alternate scheme reduces a step

in the transaction, it lowers transaction costs.

Unlike other scholars who tried to perfect the joint liability lending scheme (Rai and
Sjostrom (2004) and Bhole and Ogden (2010)) with assumptions on social capital,
we described the possibility that our alternate scheme can achieve the same outcome
without any assumption on social capital. Our theoretical results showed that when
group members have information on each other’s income, the alternate joint liability
lending scheme has a potential to perform better than the traditional scheme. The
redistribution of an overpayment and a reduction in repayment round can theoreti-
cally reduce the free-riding incentive. However, the potential welfare gain from using
an alternate scheme in theory disappears when member’s income is private. When

there is incomplete information, both schemes should theoretically perform equally
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well. This may explain why many of the microlenders still use the traditional joint
liability lending scheme even though the alternate scheme can potentially reduce

their transaction costs.

We then used experiments to determine if the subjects were able to take advantage
of joint liability under the alternate scheme. To compare it with the traditional
joint liability treatment from the previous Chapter, subjects were in an environment
where there is no information about their partner’s income and the communication
possibilities were limited in the sense that we restricted the message space to three
messages. The results revealed that there was no statistical difference between the

two schemes with respect to repayments and therefore welfare.

In the next Chapter, we test robustness of the alternate scheme by varying cost,

information structures among partners, and the group’s ability to communicate.



Chapter 4

The effect of cost, monitoring and
communication on joint liability

lending performance

4.1 Introduction

In this Chapter, we investigate how a subject’s loan repayment decision is affected
by changes in the cost of loan repayments, monitoring within a group, and the level
of communication within a group. A priori we expect that repayment rates decrease
with the cost of loan repayments. On the other hand it is an intuitive hypothesis that
repayment rates increase if monitoring is possible and if borrowers can communicate

with each other.

89
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The level of repayment a borrower has to make (i.e. principal, interest and fees)
is expected to influence the repayment rate. The higher the repayment, the more
attractive is the moral hazard strategy of taking the money and run. In this Chap-
ter, we test if the expected relationship between the repayment amount and the
repayment rates holds empirically. Previously, we set the cost of loan repayment to
$E£45 such that the theory predicts that borrowers default immediately. We have
previously shown, however, that the high cost of repayment does not overpower the
insurance effect of a joint liability scheme. Group members continued to act cooper-
atively towards each other. In this Chapter, we will lower the cost of loan repayment
to $E£40 such that there are multiple equilibria and subsequently determine if there

is an impact on the repayment rates from further reducing repayment requirements.

Our results show that reducing the cost of loan repayment to $E£40 significantly
increases the repayment rates. This implies that it is easier for group members
to coordinate and cooperate with each other when the cost of loan repayment is

reduced.

Next, we test if monitoring affects the repayment decision. The bulk of literature
supporting joint liability lending attributes the advantage of it over individual lia-
bility lending to social capital within the borrowing community (see Stiglitz (1990);
Besley and Coate (1995) for example). It is often assumed that group members can
costlessly monitor each other’s activities while lenders do not have such advantage.
This implies that joint liability may have limited or no success in improving repay-
ment rates if it is applied within a community where there is low social capital. In

other words, if group members cannot monitor each other’s activities, then there
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may not be an advantage in using a joint liability lending over an individual lending
scheme. In this Chapter, we vary the monitoring ability of borrowers, both when the
cost of loan repayment is relatively low (¢ = $£40) and when it is high (¢ = $£45).
The results from our experiment reveal that when the cost of loan repayment is low
(¢ = $E40) monitoring does not significantly affect the social welfare. However,

monitoring can significantly improve social welfare when the cost of loan repayment

is high (¢ = $£45).

Lastly, we test if communication can improve loan repayment rates. Although theory
predicts that communication does not affect the outcome of the game, there are many
supportive experiments showing that communication can often improve efficiency in
social dilemmas (for example, Cooper et al. (1992); Charness and Grosskopf (2004);
Ben-Ner and Putterman (2009)). If communication further improves social welfare,

then it may be seen as a substitute for costly monitoring tasks.

In this Chapter, we vary the communication protocol under both complete and
incomplete information. The communication protocols used include free-form com-
munication, selecting a message from a set of pre-written messages, and no com-
munication. We find that there is a significant decline in repayment rates when we
limit the communication and group members do not have the ability to monitor
their partners. This supports our argument that communication may be used as a
substitute for monitoring. The cost of communication is often lower than the cost of
monitoring and communication can improve social welfare of the lending community

with low social capital.
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The organisation of this Chapter is as follows. We first justify our decision to vary
the following three factors: cost of loan repayment, information structure, and ability
to communicate. Next we describe the experimental design and procedure. Lastly,

we report the results and consider the implications.

4.2 Cost, Monitoring, and Communication

In this Section, we form hypotheses on how changes in costs of loan repayment,
group members’ monitoring ability, and group members’ ability to communicate

affect the repayment decision.

4.2.1 Cost of loan repayment

The most obvious factor that may affect the loan repayment rate is the cost of loan
repayment. The higher the repayment cost, the more likely that borrowers strategi-
cally default on their loan. This can be shown from the no-default condition in the

individual lending scheme with the condition £ < p being necessary for repayment in

equilibrium. Also, consider the joint liability lending scheme under complete infor-

1

mation with the condition £ < being necessary for a “cover equilibrium”.

< __p
7 2(1—p)+p?
From the above conditions, other things being equal, as ¢ increases, the incentives

to default increase. The high cost of repayment will eventually outweigh the benefit

of repaying the loan (i.e. future earnings).

1p is the probability that the project will be successful, 7 is the income from the project when
it is successful, and c is the cost of loan repayment.
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FIGURE 4.1: Impact of repayment costs on strategic default decisions

In what follows, we demonstrate how the repayment cost impact on loan repayment
incentives. Figure 4.1 shows the effect of the loan repayment cost on strategic
default decisions when borrowers can observe their partners’ project outcome. We
show the cost of loan repayment per unit of income (£) on the vertical axis and the
probability that the project is successful (p) on the horizontal axis. The area above
the blue triangle is where the default equilibrium occurs. The blue area is where only
cover equilibrium occurs. The default equilibrium yields the worst possible outcome

with respect to social welfare, while the cover equilibrium yields the best outcome.
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In the pink area, both equilibria are sustainable. As the cost of loan repayment
per unit of income rises, we move towards the space where there is only a default

equilibrium. Thus the expected repayment rates are expected to decrease.

To determine if repayment decisions are indeed cost sensitive, we vary the cost of the
loan repayment in our experiment between ¢ = $F£40 and ¢ = $E45. We choose the
incomplete information environment where monitoring is impossible. At ¢ = $E£40
there are multiple equilibria including the constrained efficient equilibrium. So, if
subjects can overcome the coordination problems, a joint liability lending scheme
can deliver the best possible outcome and the insurance effect would prevail. At
¢ = $F45, there is only a default equilibrium. Theory predicts that subjects will
immediately default in the first playing round and promptly end the game. However,
there are legions of experiments where subjects cooperate to an extent even when
theory predicts no cooperation. Hence, we do not expect subjects to immediately
default when ¢ = $E£45. In terms of Figure 4.1, our treatment with ¢ = $F40 is
located in the pink parameter space, where both equilibria exist, while ¢ = $E£45

lies in the red area where only a default equilibrium exists.

The inconsistency between the theoretical prediction and the experimental results
could be attributed to (i) subject’s social preferences; (ii) subject’s preference for
reciprocity or ;(iii) a combination of both. Subjects in our experiment may be
inequality-averse such that they not only care about their own payoff but also the
distribution of overall payoff (Fehr and Schmidt (1999)). They may be difference-
averse as they compared their own payoff to their peers (Charness and Rabin (2002)).

So they are willing to help out the less fortunate partner. Another explanation may
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be that our subjects have preferences for fairness and reciprocity (Rabin (1993);
Falk and Fischbacher (2006); Dufwenberg and Kirchsteiger (2004)). These subjects
would cooperate and help their partner who help them and punish those who are
mean to them. Lastly, it may be that our subjects have preferences for reciprocity

as well as considering their status among their peers (Cox et al. (2007)).

We expect that as we lower the cost of loan repayment, the bank will yield signifi-

cantly higher repayment rates. Thus, our first hypothesis is as follows.

Hypothesis 3. The repayment rates significantly increase as the cost of repayment

decreases from ¢ = $E45 to ¢ = $E40.

4.2.2 Monitoring

Another factor that may affect the loan repayment rates is the information each
borrower has about their partner. Supporters of joint liability lending schemes
often attribute the high repayment rates to monitoring ability among jointly liable

borrowers (for example, Stiglitz (1990); Besley and Coate (1995)).

For Stiglitz (1990), the advantage of a joint liability lending scheme over individ-
ual lending is that it increases the incentive for partners to monitor each other’s
investment. This is because under joint liability group members are responsible for
their partner’s repayment. If their partner fails to repay, then they have to repay for
them or risk losing future credit from the bank. Monitoring leads to less investment
on risky projects and lower rates of default. The main assumption leading to this

results is that, unlike the bank, group members do not incur costs of monitoring.
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However, when there is a monitoring cost, joint liability lending alone is not enough
to ensure repayment. Aniket (2005) showed that there is an equilibrium where group
member will collude by exerting low effort. The lender needs to not only lend to a
group but also needs to lend to group members sequentially in order to prevent col-
lusion. Chowdhury (2005) also reached a similar conclusion that sequential lending

is essential to ensure sufficient monitoring and loan repayments.

Besley and Coate (1995) showed how joint liability can lead to higher loan repay-
ment rates than individual liability lending through social punishment. If the social
punishment is costly enough, the group will always repay the loan whenever they
can. They assumed that partners can costlessly monitor each other’s income. How-
ever, Armendariz de Aghion (1999) showed that once the assumption on monitoring
cost is relaxed, the effectiveness of joint liability lending in improving the loan re-
payment rates not only depends on the severity of social sanctions but also on the
peer monitoring cost. Specifically, the lower the cost of peer monitoring, the higher

the loan repayment rates. Thus, reduced monitoring decreases repayment rates.

In their experiment, Cason et al. (2008) concluded that the advantage of joint liabil-
ity lending comes from the lower cost of monitoring between group members. When
there is no difference in cost of monitoring, whether it is peer or lender monitoring,
the advantage of using a joint liability lending scheme vanished. Wydick (1999)
similarly concluded that monitoring and social sanction could significantly improve

the repayment rates under a joint liability lending scheme.

Theoretical and empirical evidence suggest that if we remove the ability for partners
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to monitor each other then joint liability repayment rates will significantly decrease.
This is one of the main arguments that were used to explain why the success of
the Grameen Bank could not be replicated in other environments (Kenya’s Jehudi

scheme and the Good Faith Fund are among several examples).

The condition for a cover equilibrium with monitoring is 2 < m and that for

the default equilibrium is £ > £. When there is no information on their partner’s

<
T

< =E=. At ¢ = $FE45, there

income, the cover equilibrium condition becomes £ < o

is only a default equilibrium when there is no monitoring. However, when there is
monitoring, we have multiple equilibria. Theoretically, monitoring has an advantage
over no monitoring and we therefore expect significant differences in the repayment
rates. Our theoretical results also show that at ¢ = $40, both cover and default
equilibrium exist. The welfare outcome depends on the equilibrium selection by the
players. If monitoring is crucial to the success of joint liability lending, then there

should be a significant difference in the repayment rates between treatments where

there is complete and incomplete information.

Figure 4.2 shows different equilibria under different information structures. The
orange area is where a default equilibrium exists under both information structures.
The pink, light pink, and blue areas are where a cover equilibrium exists under
full monitoring. The light pink and blue area are where a cover equilibrium in the
absence of monitoring exists. Notice that the area is smaller than that under full
monitoring. This shows that monitoring can be advantageous. When ¢ = $£45, we
are in the pink area. This shows multiple equilibria under complete information but

only a default equilibrium under incomplete information. The case of ¢ = $F£40 is
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FIGURE 4.2: Equilibria under both complete and incomplete information

located in the light pink area. There are multiple equilibria under both information

structures.

To determine if the repayment decisions are sensitive to the information among
group members, we vary the information that group members receive about their
partner’s ability to repay. Additionally, we vary the cost of loan repayment. We first
set the cost of loan repayment to ¢ = $E£45 where monitoring has a clear theoretical
advantage. Then we reduce the cost of loan repayment to ¢ = $F40 to see if that

advantage still existed for parameters where theory does not predict an advantage.
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Due to both theoretical and existing empirical evidence, we expect a significant dif-
ference between the repayment rates across treatments with and without monitoring.

Accordingly, we formulate the following hypothesis.

Hypothesis 4. The repayment rates under full monitoring are significantly higher

than when there is no monitoring regardless of the cost of repayment.

4.2.3 Communication

We considered if communication between group members could improve the loan
repayment rates. There is ample evidence showing that pre-play communication
generally improves coordination and thus leads to increases in social welfare (Cooper

et al. (1992); Charness and Grosskopf (2004); Ben-Ner and Putterman (2009)).

Cooper et al. (1992) examined the effect of pre-play communication on a one-shot
“Battle of The Sexes” game. They found that a one-way pre-play communication
between subjects improved coordination while two-way communication was not as
effective. Similarly, Charness and Grosskopf (2004) used a “Stag-hunt” game to
study the effect of pre-play communication on coordination among subjects. They
found that allowing subjects to send a one-way message to their partner significantly
increased coordination and improved group welfare. Ben-Ner and Putterman (2009)
used a “Trust” game where they found that communication helped building trust
and increased the transfered amount. They suggested that communication may be
a substitute for a contract to reduce high transaction cost. They also found that

verbal messages worked better than when they only allowed subjects to select the
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numerical amount they would like to transfer. This empirical evidence tends to
support the argument that pre-play communication can lead to better coordination

and hence better welfare.

We test the effect of communication on repayment performance for a joint liability
lending scheme when there was no monitoring within a group. When there is private
information, subjects can choose to communicate to show their repayment intention
or to signal their income to their partner. To test this, we vary communication
as follows: 1) free-form communication where we let subjects chat freely with each
other; 2) communication via messages where we only allow subjects to select the
pre-written message signalling their project’s outcome to their partner and; 3) no

communication.

As previously indicated, repayment rates were well above zero when we only allowed
subjects to select a pre-written message. We therefore expect that letting subjects
communicate freely before making their repayment decision will significantly improve
the repayment rates while no communication will hinder coordination and cooper-
ation among subjects and yield significantly lower repayment rates. According to

this, our hypothesis is:

Hypothesis 5. Free-form communication significantly increases repayment rates com-

pared to the treatment with messages as a form of communication.

Hypothesis 6. No communication significantly decreases repayment rates compared

to the treatment with messages as a form of communication.
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4.3 Experimental design

The experimental design here is an extension to the experiment we described in
the previous Chapter. We retain our basic parameter settings for the probability
that a project will be successful at p = 0.6 and the successful project revenue at
$F100. There are three main variations for the treatments: 1) cost: from ¢ = $F45
to ¢ = $£40; 2) monitoring: from no monitoring (incomplete information) to full
monitoring (complete information) and; 3) communication among group members:

from sending selected messages to free-form communication and no communication.

The game timing also follows from the timing of the game in the previous Chapter.

That is,

1. Subjects learn their project outcome. If their project is successful, they earn
$E£100. If their project is unsuccessful, they do not earn any income and

cannot make any repayment.

2. Where we allow free-form communication and communication via messages,
the partners can communicate with each other before they enter their repay-
ment decision from $E£0 to $£100. Otherwise, subjects skip to immediately

making a repayment decision.

3. If the total repayment of the group is greater than 2¢, the game continues to
the next round. Otherwise, the game ends. If there is an overpayment in a

group, we redistribute the excess amount equally among group members.
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4. Once the repayment decision is final, we reveal the amount each subject con-
tributed, their profits for the round, and if the repayment is sufficient for the

game to continue.

Table 4.1 outlines the two main dimensions we varied in our experiment.

TABLE 4.1: Treatment manipulations

Monitoring
Cost | ¢ =40, Yes ¢ =40, No
c=45,Yes c¢=45No

4.4 Experimental procedures

The experiment was conducted at the AdLab, University of Adelaide, Australia using
the computer program ‘z-Tree’ (Fischbacher (2007)). There were 13 sessions with
264 participants. Each session contained one treatment. Main participants in these
treatments were not exposed to previous treatments in our series of experiments.
Most of the subjects were university students from a variety of disciplines. Context-

free instructions outlining the game were given at the beginning of each session.

How subjects were matched, how group compositions were changed, number of games
played within a session, and the information given to subjects remained the same as
in the treatments reported in the previous Chapter. As in the other treatments in
the earlier Chapter, subjects were also informed that they were permitted to bring

study material or books to read during the waiting period between the games.
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The subjects were paid in cash at the end of each session. The subjects were paid
AUD 5 show-up fee in addition to their earnings during the session. The exchange
rate was one Australian Dollar for 50 Experimental Dollars. On average, each session

took approximately one hour and subjects earned approximately AUD 19.

4.5 Results

The main purpose of this Chapter is to explore how changes in the cost of loan
repayment, monitoring ability, and communication among group members affects
the repayment rates. We stated our hypotheses about the consequences of these
changes on the repayment rates earlier in this Chapter. In this Section, we will test
those hypotheses using logistic regression models to determine how the probability

of reaching the new period changes with different treatments.

4.5.1 Cost of loan repayments

We varied the cost of loan repayment from ¢ = $E£45 to ¢ = $£40 when group
members cannot monitor each other’s income but were able to chat to their partner
via a “chat box” in the program. We denote the two treatments as P145 and PI40,

respectively.

logit{ Pr(continue = 1)} = By + BXit +
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where Lowl, Low2, Highl, High2 are the treatment dummies. Lowl is the PI40
treatment where only one borrower has a successful project and is the base category;
Low2 is the PI40 treatment where both borrowers have a successful project; Highl
is the PI45 treatment when only one borrower has a successful project; and High2

is the PI45 treatment when both borrowers have a successful project.?

TABLE 4.2: Logistic estimation of continuation probabilities: ¢ = $£40 and
c=9$FE45

Variable Coefficient Predicted continuation probability

Constant 2.708***

(.180)
Lowl 938
(.011)
Low?2 2.182%* 993
(.732) (.005)
Highl -.693%* 882
(.320) (.018)
High? 1.069 978
(.450) (.009)

Log likelihood=-280.952 ; LR chi2(3) = 44.25; Prob>chi2 = 0.0000

standard errors are shown in parentheses K gignificant at 0.001

The left hand side of Table 4.2 shows the estimated log odds that the game continues.
The log odds of reaching a new period is positively related to both treatments where

both group members have a successful project, while it is negatively related to the

2We omitted the states of the world where there is no success since the subjects will automati-
cally default and there is no decision made.
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treatment where only one member’s project is successful. The probability of reaching

a new period increases with double successes while it decreases with a single success.

The right hand side of Table 4.2 shows the predicted probability that the game
continues under different states of the world. Notice that the probability of reaching
a new period is slightly higher under the PI40 treatment compared to PI45 in a
pairwise comparison for both states of the world. Thus subjects generally repay

more often under PI140 than under PI45.

We use the values from Table 4.2 to calculate the estimated repayment rates. The
estimated average repayment rate from PI40 treatment is 81.72 percent while the es-
timated average repayment rate from PI45 treatment is 77.54 percent. We then test
if there is any significant difference between repayment rates of the two treatments.

Formally we test:

2p(1 — p)(lowl) + p*(low?2) z 2p(1 — p)(highl) + p*(high2)

where [ow]l is the predicted continuation probability (at the mean) under the P140
treatment when there is only one success; low?2 is the predicted continuation proba-
bility (at the mean) under the PI40 treatment when there are two successes; highl
is the predicted continuation probability (at the mean) under PI145 treatment when
there is only one success; and high2 is the predicted continuation probability(at the

mean) under the PI45 treatment when there are two successes.
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The test strongly rejected the null hypothesis that there is no difference between the
repayment rates under the two treatments (p < 0.05). This confirms our hypothesis

that as the cost of repayment decreases, repayment rates increase.

Result 3. There is a statistical difference between the repayment rates when we vary

cost from $F40 to $FE45 (at p < 0.05).

Lowering the amount that has to be repaid (e.g. through lower interest rates)

improves repayment rates.

4.5.2 Monitoring

We now turn to the impact of the information structure. We first examine the case
where monitoring has an obvious advantage in theory. That is, we are comparing
monitoring and no monitoring with repayment cost of $£45 and group members
were not permitted to communicate. We denote the treatment with monitoring as
CI45-N (i.e. Complete Information with the cost 45 and no communication) and
the treatment without monitoring as PI45-N (PI stands for private information).
We further examine if monitoring could behaviourally improve coordination when
there were multiple equilibria for both information conditions. We compare the
treatment when cost of repayment is $£40 and we allow free-form communication
within a group. We denote the treatment with monitoring as CI40 and the treatment

without monitoring as PI40.

logit{ Pr(continue = 1)} = By + Xy + €u
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where Monitorl, Monitor2, Nomonitorl, Nomonitor2 are the treatment dummies.
Monitorl is the CI45-N treatment where only one borrower has a successful project
and is the base category; Monitor2 is the CI45-N treatment where both borrowers
have a successful project; Nomonitor]l is the PI45-N treatment when only one bor-
rower has a successful project; and Nomonitor2 is the PI45-N treatment when both

borrowers have a successful project.

TABLE 4.3: Logistic estimation of continuation probabilities: monitoring versus
no monitoring with ¢ = $F£45

Variable Coefficient Predicted continuation probability

Constant 2.828%#*
(.225)
Monitorl 944
(.012)
Monitor2 1.657** .989
(.623) (.006)
Nomonitorl — -1.441%%* 8
(.278) (.026)
Nomonitor2 1.138 981
(.552) (.009)

Log likelihood= -234.955 ; LR chi2(3) = 76.99; Prob>chi2 = 0.0000

standard errors are shown in parentheses kX gignificant at 0.001

The left hand side of Table 4.3 shows the estimated log odds that the game continues.
The relationship of the probability of reaching a new period and the states of the
world are similar to our previous results. That is, a state of the world where we
have double successes tends to increase the log odds of probability of reaching the

new period while a single success tends to decrease that probability.
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The right hand side of Table 4.3 shows the predicted probability that the game
continues under different states of the world. Note that when there is full monitoring,
the estimated probability of reaching a new period is always close to one even when
there is only a single success. That is, subjects in this treatment almost always repay
the loan whenever they can. In particular, monitoring is instrumental in ensuring
that a successful borrower covers for an unsuccessful one. The estimated probability
of reaching a new period is much lower for the treatment without monitoring when

there is a single success.

We calculate the estimated repayment rates using the values from Table 4.3. The
estimated average repayment rate from the CI45-N treatment was 80.22 percent
while the estimated average repayment rates from the PI45-N treatment was 73.72
percent. We then test if there was any significant difference between repayment

rates of these two treatments. Formally we test:

2p(1 — p)(monitorl) + p*(monitor2) E 2p(1 — p)(nomonitorl) + p*(nomonitor2)

where monitorl, monitor2, nomonitorl, and nomonitor2 denote the corresponding

treatment dummies’ predicted continuation probability(at the mean).

The test strongly rejected the null hypothesis that there is no difference between the
repayment rates under the two treatments (p < 0.05). This confirms our hypoth-

esis and our theoretical results that monitoring does have some advantage over no
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monitoring.

Result 4. Monitoring significantly improves the repayment rates when the cost of

repayment is ¢ = $E£45 (at p < 0.05).

We then test if this result holds when monitoring has no clear advantage.

logit{ Pr(continue = 1)} = By + X + €i

where Monitorll, Monitorl2, Nomonitorll, Nomonitorl2 are the treatment dummies.
Monitorll is the CI40 treatment where only one borrower has a successful project
and is the base category; Monitorl2 is the CI40 treatment where both borrowers have
a successful project; Nomonitorll is the PI40 treatment when only one borrower has
a successful project; and Nomonitorl2 is the PI40 treatment when both borrowers

have a successful project.

The left hand side of Table 4.4 shows the estimated log odds that the game contin-
ues. Again, double successes have a positive relationship with the log odds of the
probability of reaching the new period while a single success is negatively related to

the log odds of the probability of reaching the new period.

The right hand side of Table 4.4 shows the predicted probability that the game con-
tinues under different states of the world. Observe that here where theory predicts
multiple equilibria, the estimated probability of reaching a new period of both treat-
ments are close to one. Subjects almost always repay the loan when their project is

successful and they also readily cover for an unsuccessful partner. Interestingly, the
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TABLE 4.4: Logistic estimation of continuation probabilities: monitoring versus
no monitoringe = $£40

Variable Coefficient Predicted continuation probability

Constant 3.152%%*
(.283)
Monitorl1l 959
(.011)
Monitorl2 1.69 992
(.764) (.006)
Nomonitorl1l -.444 938
(.335) (.011)
Nomonitorl2 1.738%* .993
(.764) (.005)

Log likelihood= -201.1697 ; LR chi2(3) = 26.72; Prob>chi2 = 0.0000

standard errors are shown in parentheses K gignificant at 0.001

ability to monitor does not seem to be required for the high probability of continu-

ation when the cost of repayment is low.

We calculated the estimated repayment rates using the values from Table 4.4. The
estimated average repayment rate from CI40 treatment was 81.74 percent while
the estimated average repayment rate from PI40 treatment was 80.77 percent. We
then test if there was any significant difference between repayment rates of the two

treatments. Formally we test:

2p(1 — p)(monitoril) + p* (monitorl2) z 2p(1 — p)(nomonitoril) + p*(nomonitori2)
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where monzitorll, monitorl2, nomonitorll, and nomonitorl2 denote the correspond-

ing treatment dummies’ predicted continuation probability(at the mean).

The test cannot reject the null hypothesis that there is no difference between the

repayment rates under the two treatments (p ~ 0.195).

Result 5. There is no significant difference in the estimated repayment rates between

monitoring and non-monitoring treatments when the cost of repayment is ¢ = $E£40.

In the case of low repayment cost, monitoring is not required to ensure high repay-

ment rates. Subjects are able to coordinate on socially efficient equilibria.

4.5.3 Communication

Finally, we investigate if communication can improve the repayment rates by com-
paring a no monitoring treatment where group members could communicate freely
with others to a treatment where they could only send a pre-written message to
their partners, and to a treatment where no communication is allowed. The repay-
ment cost were set to ¢ = $F45 in all three communication conditions. The three

treatments are denoted as PI45, PI45-Msg, and PI45-N, respectively.

logit{ Pr(continue = 1)} = By + X + €i

where Chatl, Chat2, Msgl, Msg2, Nocom1, and Nocom?2 are the treatment dummies.
Chatl is the PI45 treatment where only one borrower has a successful project and

is the base category; Chat2 is the PI45 treatment with double successes; Msgl is
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the PI45-Msg treatment with a single success; Msg2 is the PI45-Msg treatment
with double successes; Nocoml is the PI45-N treatment with a single success; and

Nocom?2 is the PI45-N treatment with double successes.

TABLE 4.5: Logistic estimation of continuation probabilities: variations in com-
munication protocol

Variable Coefficient Predicted continuation probability

Constant 2.015%**

(.173)
Chatl .882
(.018)
Chat2 1.76%** 978
(.448) (.009)
Msgl -.473% .824
(.237) (.024)
Msg2 610 932
(.370) (.021)
Nocom1 -.629%* .8
(.238) (.026)
Nocom2 1.9571%** 981
(.533) (.009)

Log likelihood= -441.352 ; LR chi2(5) = 86.13; Prob>chi2 = 0.0000

standard errors are shown in parentheses K gignificant at 0.001

The left hand side of Table 4.5 shows the estimated log odds that the game continues.
We observe that double successes increase the log odds of the probability of reaching
a new period while a single success decreases the log odds of the probability of

reaching a new period regardless of the treatment.
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The right hand side of Table 4.5 shows the predicted probability that the game
continues under different states of the world. Notice that it is much harder for
subjects to cooperate in a state of the world where there is only one successful
group member. The estimated probability of reaching a new period when there is
a single success is approximately ten percentage points less than when there are

double successes.

We calculate the estimated repayment rates using the values from Table 4.5. The
estimated average repayment rate from the PI45 treatment is 77.54 percent while
the estimated average repayment rate from PI45-Msg treatment was 73.10 percent
and the estimated average repayment rate from PI45-N treatment is 73.72 percent.
We now test if there are any significant differences between repayment rates in these

treatments. Formally we test:

2p(1 — p)(chat1) + p*(chat?2) E 2p(1 — p)(msgl) + p*(msg2)

2p(1 — p)(chatl) + p*(chat?2) z 2p(1 — p)(nocom1) + p*(nocom?2)

2p(1 — p)(msgl) + p*(msg2) ; 2p(1 — p)(nocom1) + p*(nocom?2)

where chatl, chat2, msgl, msg2, nocoml, and nocom2 denote the corresponding

treatment dummies’ predicted continuation probability(at the mean).
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The first two tests strongly rejected the null hypothesis that there is no difference
between the repayment rates from treatments PI145 and PI45-Msg (p < 0.05) as well
as the treatments with PI45 and PI45-N (p < 0.05). This confirms our hypothesis
that communication can help group members cooperate better. However, we cannot
reject the null hypothesis that there is no difference between the repayment rates
between treatments PI45-Msg and PI45-N. This may be because the pre-written
messages only allow subjects to signal their project outcome but not their repayment

intention. Thus, it does not have a strong impact on cooperation.

Result 6. Free-form communication significantly improves the repayment rates when

c = $E45.

Result 7. There is no significant difference in repayment rates between the treatment

with pre-written messages communication and no communication treatment when

c = $E45.

Pre-play communication may be able to substitute for monitoring if partners are

allowed to communicate freely.

4.6 Conclusion

In this Chapter, we examined the impact of changes in cost of loan repayment,

ability to monitor the partner’s income, and the ability to communicate within a

group.
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The implications are that cost of loan repayment and communication ability among
group members are crucial to improving social welfare. Social capital such as the
ability to monitor partner’s income does not have a clear cut advantage and joint
liability appears to be able to perform equally well without it as long as the cost of
repayments are low. When the cost of repayment is high though, monitoring can
help to improve the occurrence of successful borrowers covering for their unsuccessful

partners, which over all slightly improves social welfare.



Chapter 5

Conclusion

In this thesis we examined the following questions: (i) Can a joint liability lending
scheme outperform an individual liability lending scheme?; (ii) Will an alternative
joint liability lending scheme further improve the social welfare compared to a tradi-
tional joint liability lending scheme?; (iii) How is a group repayment decision affected
by changes in cost of loan repayment, monitoring, and the level of communication

possible?

In Chapter two our theoretical analysis showed that joint liability has a potential to
improve social welfare via an insurance effect. However, there was also a possibility
that both borrowers strategically default on their loan. We designed experiments
to study the choice made by real humans. The results showed that even though
subjects under a joint liability lending scheme were put in an environment that does
not support cooperation among members, a joint liability lending scheme still had

higher repayment rates than an individual liability lending scheme.

116
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We proposed a simpler form of joint liability lending in Chapter three. Our scheme
has the potential to reduce transaction costs, since it only requires one round of
repayment decisions (compared to two in the traditional scheme). Our theoretical
results showed that an alternate joint liability lending scheme reduces the incentive
to free-ride when borrowers have complete information on their partner’s income.
That is, the alternate scheme can potentially improve the group’s welfare. However,
there is no difference in welfare under a stationary equilibrium when borrowers
cannot observe their partner’s income. Since the results on social welfare rest upon
equilibrium selection, we used experiments to empirically test how the alternate
scheme performed against the traditional joint liability lending scheme. The results
showed that the alternate scheme performed no worse than the traditional scheme.
We concluded that our alternate scheme might, over all, improve social welfare as it

can reduce transaction costs without jeopardising repayment rates.

Unlike in the two previous Chapters, in Chapter four we investigated how cost of
loan repayment, monitoring within a group, and the level of communication within
a group affected the group’s repayment decision. We found that as the cost of
loan repayment was reduced, the repayment rates increased as expected. When we
varied whether group member could observe their partner’s income, we found that
more information could statistically increases the repayment rates under certain cir-
cumstances. Lastly, we found that communication among the group increased the
repayment rates when there was a lack of monitoring. This implied that communi-

cation may be able to substitute for costly monitoring.
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