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Abstract

This paper investigates whether joint liability lending schemes
achieved better repayment rates than individual liability lending. We
first use game theoretical model to establish possible equilibria under
individual and joint liability lending. We use it as a benchmark to
compare with equilibria we establish under a joint liability lending
scheme. Joint liability lending scheme suffers from free-riding incen-
tives but it is still possible to achieve a higher repayment rates than
individual liability lending via an “insurance effect” and that joint
liability lending scheme can be either welfare improving and welfare
worsening. The final outcome depends on equilibrium selected by bor-
rowers. Laboratory experiment is used to test this outcome. We find
that even in the most unfavourable circumstances where theory pre-
dict immediate default for a joint liability lending scheme, it still gain
significantly higher repayment rates than individual liability lending.
The results strengthen the gain from an insurance effect, as we do not
assume any social capital within a group.
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1 Introduction

Before the success of the Grameen Bank, lending to the poor has been un-
popular among private financial institutions due to the high monitoring costs
as well as the inherent moral hazard and adverse selection problems involved.
In the past, governments in developing countries attempted to intervene by
providing cheap loans through government sponsored credit programs. How-
ever, 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. These failures are perhaps due to the ineffi-
ciency of market intervention or the fact that informal credit providers having
extra information or a more effective means of enforcing the contract than
the state-owned bank officers Armendariz de Aghion and Morduch (2007)
and Banerjee et al. (2011). The Grameen Bank and its founder, Muhammad
Yunus, have demonstrated that lending to the poor can be self-sustainable.
By using joint liability lending instead of individual lending, it reduces trans-
action costs and the rate of defaults. In 2008, for example,the Grameen Bank
has a repayment rate of 98 percent1 with some branches achieving 100 percent
repayment rates2. However, many lenders that use a joint liability lending
scheme 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 Guinnane (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.

Under the joint liability lending scheme, 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’ repayment. 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, a joint liability
lending scheme can potentially improve the welfare of the society.

Literature supporting the virtue of joint liability lending schemes often
focus on a form of social capital within the community that the formal lending
sector lacks. Ghatak (1999) showed that joint liability lending is a solution to

1http://www.grameen-info.org/index.php?option=com content&task=view&id=665&Itemid=685
[28 November 2010].

2http://www.grameen-info.org/index.php?option=com content&task=view&id=669&Itemid=671[28
November 2010]
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the adverse selection problem if borrowers have more information about each
other than the lenders. A bank can also use joint liability lending to create
the incentive for borrowers to monitor each other in cases where the partners
can costlessly observe each other’s activities (Stiglitz (1990)). Besley and
Coate (1995) and Armendariz de Aghion (1999) allowed for social penalties
and demonstrated that if the social penalty is high enough, this penalty
will lead to improved loan repayment rates compared to individual liability
lending. Rai and Sjöström (2004) suggested that the best outcome can be
achieved by using cross-reporting; they assume that the bank cannot observe
the borrowers income, while borrowers can observe each other’s income.

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 which is
always present whenever there is more than one party who is responsible for
the loan. The probability that all group members’ projects fail, pi (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 future projects. Joint liability lending
automatically creates the insurance effect and can potentially improve the
repayment rates. Our aim is to examine under which circumstances using
joint liability lending can lead to higher social welfare. We explore both
individual and joint liability lending schemes using game theoretical model
and laboratory experiment.

Theoretical results show that joint liability lending scheme suffers from
free-riding incentives. It still, however, possible to achieve a higher repay-
ment rates than individual liability lending. Laboratory experiment shows
that even under the most unfavourable circumstances where theory predict
immediate default for a joint liability, it still gain significantly higher repay-
ment rates than individual liability lending.

The organisation of this paper is as follows. We first set up a simple game
theoretical model capturing the main features of a lending situation without
collateral. We then compare the equilibrium resulting from individual lia-
bility lending with the equilibria under a joint liability lending scheme for
different information structures. With a particular focus on the differences in
predicting social welfare, we designed our experiments to test if joint liability
lending actually improves welfare. Lastly, we report our experimental results
and discuss their implications.
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2 Setting

Before we begin to describe our model, we will state our assumptions and
the role of lender and borrowers in our environment.

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 c per borrower.
Therefore, to recover the cost of lending, the bank requires an individual
borrower to repay at least c. The bank deters(punishes) delinquent borrower
using reputation mechanism. The bank does not lend to borrower who pre-
viously defaulted on their loan and the bank immediately renew credits for
borrowers who repay on time.

Borrowers under joint liability lending: There are two ex ante iden-
tical borrowers who both have a project with the same probability of success,
capital requirement and earnings potential. The income from a project is de-
noted by θi. For a successful project, θi = π and for an unsuccessful project,
θi = 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. π > 2c).

We assume that the probability of success is independent across projects
and that borrowers are risk neutral. To focus on the strategic default prob-
lem, 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.

2. Borrowers invest in projects with success probability p.

3. Nature independently draws the project outcomes. The borrowers ob-
serve 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
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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 t is υtp(θi− di) where υt is the
probability that period t is reached and di is the amount a borrower decides
to repay. If under a regime the probabilities of progressing from t to t + 1
are constant (υ), then the ex ante total expected surplus is

∑∞
t=0 υ

t(θ − di)
which increases in υ.

Definition 1. Other things being equal, a regime is more efficient if and only
if the probability of reaching a new period (υ) is higher for all periods.

3 A theoretical comparison

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 li-
ability lending. Under an individual liability 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 delin-
quent borrowers from voluntary default by denying credit to those who have
defaulted previously. While this reputation mechanism reduces the moral
hazard problems, it is inefficient because it also punishes borrowers when
they defaulted due to bad luck.

Suppose a borrower i reached a period t and observed the outcome of her
own project θi but has not yet decided on the amount to repay di, then her
expected future profit is given by

θi − di + φV

where V is the continuation value representing the expected future profits
from repaying the loan, di ∈ [0, c] is the amount repaid by borrowers, and

φ =

{
1 if di > c
0 otherwise
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Proposition 1. Under individual liability the uniquely optimal plan of action
is di = c whenever θi = π and di = 0 otherwise iff c

π
6 p

Proof. In the case of θi = 0 the borrower has no means to repay and will
default. It remains to check θi = π. 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 π. A borrower’s payoff from repaying the loan
whenever possible is π − c+ V where V = p(π − c)

∑∞
t=0 p

t. Thus, di(π) = c
requires π − c + V > πV > c. A borrower will have no incentive to deviate
if c

π
6 p.

An individual borrower will always repay the loan whenever possible if
the loan repayment costs less than the expected income. 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 re-
payment compared to individual liability lending. We show that for a certain
subspace of the parameter space, joint liability either improves on or is worse
than the efficiency achieved with individual liability lending. We first anal-
yse 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.

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 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 probability of reaching the new period was 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
2− p2 > p. In a group of two, the bank will continue to lend to each group
member only if the group repays at least 2c, otherwise all group members
will lose access to future loans.
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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 relax this assumption in the next Section where we analyse the
incomplete information case.

In a 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)). This can potentially improve social welfare, as now group members
are acting as each other’s guarantors. On the other hand, there is an incentive
to free-ride and voluntarily 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 π, for simplicity we assume that borrowers either default or repay the
full amount c. That is we assume dri (.) ∈ {0, c} ∀r where r refers to a
repayment round in a given 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 joint liability lending scheme is as follows.

1. Borrowers observe all θi where θi ∈ {0, π}∀i ∈ {i, j}

2. Borrowers take their repayment decisions, d1i where i ∈ {i, j} and d1i ∈
{0, c}.

3. If d1i + d1j > 2c, loans are renewed. However, if d1i + d1j < 2c, borrower i
whose d1i = c will be asked to contribute for her partner. In that case,
there is a second loan repayment decision that is,

4. Borrower i with d1i = c takes a second repayment decision, d2i where
d2i ∈ {0, c}

5. If
∑

(d1i + d2j) > 2c, loans are renewed. Otherwise, the game ends.

Borrower i’s expected payoff is θi− d1i −αd2i +φV where V is the contin-
uation value and
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α =

{
1 if d1i + d1j < 2c
0 otherwise

φ =

{
1 if d1i + d2i + d1j + d2j > 2c
0 otherwise

A borrower’s expected payoff depends on 1) her income from her invest-
ment, 2) her repayment decision d1i , 3) her decision to cover for her partner d2i ,
and 4) her expected future income from reinvestment if the loan is renewed.

Formally, we consider the strategic game G =< N, (Si), (ui) > in which
N ∈ {i, j}, si ∈ Si where si = {d1i (θit, θjt, Ht, t), d

2
i (θit, θjt, Ht, t, d

1
i (·), d1j(·))}

∀t,Ht, θit, θjt and Euit(si, sj) = θi − d1i − αd2i + φV where Ht is the game’s
history up to period t.

Of the potentially many equilibria we exemplarily establish three of par-
ticular interest. These three equilibria can be 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 cov-
ers 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 re-
pay the loans.

A cover equilibrium with trigger strategy is the equilibrium where ini-
tially both borrowers always repay whenever they can. Once either
partner deviates from repaying the loan whenever possible, they will
choose to indefinitely play a default equilibrium.

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 equilibrium is symmetric (cover with trigger strategy), where
the borrowers share the expected surplus equally, while the other (free-ride)
leads to a very unequal distribution of surplus. Since there are welfare in-
creasing and welfare decreasing equilibria, the question of whether joint li-
ability theoretically improves welfare for the parameter space discussed is
one of equilibrium selection. This question is answered empirically by using
experiments.
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We concentrate on 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 i in round r for given types θi, θj as dri (θi, θj) ∈ {0, c} with θi, θj ∈
{0, π}.

Because a group necessarily defaults if both their projects are unsuccess-
ful, 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 po-
tential for moral hazard within a group. When both group members observe
that both projects were successful, they may be tempted to default. This is
the case if one of the borrowers anticipates that their 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.

Proposition 2. There is no stationary equilibrium where d1i (π, π) = c ∀i.3

Intuitively, once the borrower decides to repay in the first repayment
round and the expected income is higher than the cost of repayment, she
will always be better off covering for her partner if asked to. Thus, 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.

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 exists an equilibrium with the strategy profile s∗ =
(s∗i, s∗j) where

s∗i = (d1i (π, .) = c, d2i (π, .) = c, ·)
s∗j = (d1j(., π) = 0, d2j(., π) = 0, d1j(π, 0) = c, d2j(π, 0) = c, ·)

iff c
π
6 p

2(1−p+p2) .
4

3See appendix for the proof.
4The · represents the remaining part of the strategy, which is trivial. See appendix for

the proof.
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This equilibrium is more efficient than that under individual liability lend-
ing since probability of reaching a new period in the free-ride equilibrium is
1−(1−p)2 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 p2π + p(1− p)(π − 2c) in each period, while her partner’s
surplus is only p(π − 2c).

Unfortunately, for some parameter values, a socially harmful equilibrium
exists. We call this equilibrium the default equilibrium where borrowers
never repay any loans and the probability to get to a second period of loans
is zero.

Proposition 4. There exist an equilibrium with the strategy profile s∗i =
(d1i (θi, θj) = d2i (d

1
i (θi, θj)) = 0) ∀θi, θj}∀i iff c

π
> p

2
.5

We have seen so far that joint liability has a potential to improve total
surplus in an equilibrium where the division of surplus is very skewed. 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 sck =
(d1k(π, π) = c, d2k(π, π) = c, d1k(π, 0) = c, d2k(π, 0) = c, ·).

Proposition 5. There exist an equilibrium with

s∗it =

{
sci if sj(t−n) = scj ∀n > 0
dri (θi, θj) = 0 ∀θi, θj otherwise

∀ i ∈ {i, j}

iff p
2
6 c

π
6 p2(2− p).6

This equilibrium is not only more efficient than that under individual
liability lending but also gives players an equitable income. The probability
of reaching a new period under this trigger strategy is 1 − (1 − p)2 > p.
Additionally, the parameter space where this cover equilibrium with trigger

5See appendix for the proof.
6See appendix for the proof.
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strategies exists is larger than that where the free-riding equilibrium can be
supported. Trigger strategies increases the space where joint liability is more
efficient than an individual liability lending scheme.

Figure 3.1: Joint Liability under Complete Information

Figure 3.1 summarises the equilibria we have shown so far. We show c
π

(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 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
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welfare consequences for the same parameters. 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 liability lending scheme might lead to immediate default where individ-
ual lending does not. In the green area, the free-ride and cover equilibrium
exists. In the magenta area, we can have a cover equilibrium with trigger
strategies. However, when the probability of success is very low, the threat
is ineffective since the player would rather take advantage and deviate in
the current period. Thus, there is a space where the free-riding equilibrium
exists but the cover equilibrium does not exist (the light brown area). The
figure also shows an overlapping area(dark brown area) where all the equilib-
ria described can occur. In this overlapping area, the resulting social welfare
depends on the borrower’s equilibrium selection.

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, θi is known to only
borrower i but not to others.

The lending scheme is the same as described in the previous Section.
However, since borrowers have no information on their partner’s income, the
timing of the game is changed. For this game, the timing is:

1. Borrowers observe only θi where θi ∈ {0, π}∀i.

2. Borrowers simultaneously send a messagemi(θi) wheremi(θi) ∈ {0, π}∀i.

3. Borrowers then make a repayment decision, d1i .

4. If d1i + d1j > 2c, loans are renewed. However, if d1i + d1j < 2c, borrower i
whose d1i > d1j will be asked to contribute for her partner. In that case,
there is a second loan repayment decision that is,

5. Borrower i with d1i > d1j takes a second repayment decision; d2i

6. If
∑

(d1i + d2i ) > 2c, loans are renewed. 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, (Si), (ui) > in which

N ∈ {i, j}, si ∈ Si where si = {mit(θit), d
1
i (θit,mjt(θjt), Ht, t), d

2
i (θit,mjt(θjt),

Ht, t, d
1
i (.), d

1
j(.)} ∀t,Ht, θit, θjt and ui(si, sj) = θi − d1i − αd2i + φV .

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 parameter 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
which might prevent borrowers from taking an advantage of the insurance
effect. In what follows, we will show that it is a severe problem.7

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.

Proposition 6. There is no stationary equilibrium where mi(π) 6= mi(0) ∀i
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 d1i (πi, πj) = c ∀i. Thus any
strategy that contains d1i (πi, πj) = c ∀i cannot be part of an equilibrium
where mi(π) 6= mi(0) ∀i. 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 showed that the default equilibrium exists when-
ever c

π
6 p

2
regardless of the realised type profile. So there is a stationary

equilibrium where mi(π) 6= mi(0) ∀i. However, under the default equilib-
rium, the probability of reaching a new period is 0 < p.

The remaining potential non-stationary separating equilibrium is the equi-
librium containing the actions outlined in Proposition 3 where one player is

7We 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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a “sucker” and the other is a “free-rider”. In what follows we will show this
set of strategies:

s∗i = (d1i (π, .) = c, d2i (π, .) = c, ·)
s∗j = (d1j(π, .) = 0, d2j(π, .) = 0, d1j(0, π) = c, d2j(0, π) = c, ·)

is not compatible with sending a truthful message when the project is
profitable. Consider the case where both players would send a truthful mes-
sage. Observe that for player i to send mi(π) = π requires

π − 2c+ V > π − (1− p)2c+ V

(1− p)2c > 2c

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

Because their partner cannot verify their message, borrowers always have
an incentive to lie and free-ride on their partner when their project is prof-
itable. Coordinating to mutually improve their welfare is harder with incom-
plete information.

Next we consider pooling equilibrium.
Pooling equilibrium
In this case, the belief after observing a message is equal to the prior

belief, µ(π|mj) = p. Although there is no separating equilibrium that is
more efficient than the individual liability lending scheme, we show that for
a certain parameter space there exists a pooling equilibrium that is more
efficient.

Proposition 7. There exist an equilibrium with the strategy profile s∗i =
(d1i (π, .) = c; d2i (π, d

1
j = 0) = c, d2i (π, d

1
j = c) = 0, ·) ∀i iff c

π
6 p

2−p .8

This equilibrium generates higher surpluses per borrower than individual
liability lending. The probability of reaching a new period is 1 − (1 − p2)
which is greater than p. Note that the incomplete information does not have
a free-riding problem as found when borrowers have complete information

8See appendix for the proof.
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about their partner’s income. Since it is now uncertain whether the potential
“sucker” will be able to repay, there is less incentive for borrowers to deviate
from repaying c whenever they can. 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 s∗i =
(di1(θi, θj) = di2(di1(θi, θj) = 0) ∀θi, θj}∀i iff c

π
> p

2
.

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 3.2 shows the parameter spaces where the two equilibria exist.
Of the many possible equilibria, we concentrated on two equilibria: cover
and default equilibrium. Default equilibrium exists in the space above the
light purple area. Thus, for some parameters, a joint liability lending scheme
might lead to immediate default where individual lending does not. The
cover equilibrium exists in the light blue and magenta area. Both equilibria
exist in the overlapping area (purple area). In our experiment, we select the
parameters such that only default equilibrium exists and compare this with
individual lending.

4 Welfare comparison

The main objective of this paper is to compare the maximum expected total
surplus between different lending schemes. Specifically, we wanted to know
under which circumstances we can potentially benefit from an insurance effect
using a joint liability lending scheme. In this Section, we compared the
individual lending scheme and the joint liability lending scheme under both
information structures.

Proposition 9. Under complete information, joint liability lending can im-
prove the maximum expected total surplus if p

2
6 c

π
6 p2(2− p).

Proof. Definition 2 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
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Figure 3.2: Joint Liability under Incomplete Information
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period of 1− (1− p)2 > p which is the equilibrium probability of reaching a
new period under an individual liability lending scheme.

Proposition 10. Under incomplete information, joint liability lending can
improve the maximum expected total surplus when p

2
6 c

π
6 p

2−p .

Proof. The proof is analogous to Proposition 9.

Corollary 1. For a given 0 < p < 1, the scope of joint liability lending
schemes to improve the maximum expected total surplus is always smilers
under incomplete information than under complete information.

5 An experimental comparison

In what follows, we use an experiment to compare welfare of a joint liability
lending scheme to that under individual lending.

Most existing papers that use observational data focus mainly on the fac-
tors 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 liabil-
ity lending to that of individual lending using observational data. They used
data from two Canadian microfinance institutions and applied a matching
approach. They 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 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.

Experimental methods in the laboratory or the field are ideal to over-
come these problems since lending schemes can be assigned randomly. Fur-
thermore, experimenters can ensure causality by using experimental control.
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By only varying single elements, any behavioural changes can clearly be at-
tributed 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
effectiveness 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
outperforms individual lending in all of their treatments. Their results even
held in groups with as many as eight members. The design concentrates
however on the free-riding aspect of group lending and does 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 monitor-
ing. In their treatment there was one player in a group who acted as a bank
and made a lending decision. In their setup, the authors excluded strate-
gic default by assumption and consequently the effectiveness of each lending
scheme was assessed by comparing the lending rate by the bank and the av-
erage level of monitoring across schemes. The study found that if monitoring
costs among borrowers are lower than those of the banks, then joint liability
lending outperforms individual liability lending.

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 experiment 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 mon-
itoring, communication, and endogenous group formation was possible did
joint liability lending improve efficiency. However, Kono’s study has a few
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important weaknesses. For example, there is no theoretical model predicting
the outcomes for the joint liability lending scheme and the same subjects
played in more than one treatment.

Gine et al. (2010) use data from a natural experiment in the Philippines
where loan centres gradually converted joint liability loan contracts into indi-
vidual liability loan contracts, while all other aspects stayed the same. They
found that there is no change in loan repayment rates after the conversion.
Their results implied that joint liability itself does not improve the loan re-
payment rates. However, prior to removing the joint liability contracts, the
bank had already reissued loans to borrowers in good standing even if some-
one in the same group had defaulted. This seems to suggest 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 ef-
fort or monitoring. While Abbink et al. compare joint liability lending with
hypothetical individual liability results, we also ran individual liability treat-
ments 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 experimen-
tal 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 repeated game in equilibrium. Our design also provides more
control than Kono’s experimental design. This is because we only allowed
each subject to participate in only one treatment.

5.1 Experimental Design

The experimental design follows the theoretical framework closely. We set
the probability of a successful project at p = 0.6 and the successful project
revenue to $E100. Under individual liability lending, we set the repayment
cost c to $E40 while the repayment cost is $E45 for the joint liability lending
treatment. The slight difference in cost is made to stack the deck against
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the joint liability lending scheme. The cost of $E45 is just large enough
to render the efficient trigger strategy equilibrium inconsistent. Therefore,
with incomplete information used here, we would predict immediate default
while the low cost of $E40 in the individual lending scheme 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 $E100. Otherwise, they do not earn anything and cannot make a
repayment.

2. The partners can communicate with each other before reaching their
repayment decision of either 0 or $E45 by choosing one of the following
three messages: “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 $E90, the game continues
to the next round. If the total repayment is $E45, 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 $E45 or to default.

4. Once the repayment decision is final, we reveal the amount each subject
contributed, profits for the round, and if the repayment is sufficient for
the game to continue.

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 repayment decision.

According to the theory, the repayment rates for individual lending should
equal to 0.6 while the repayment rates under joint liability lending should
resulted in immediate default. Thus, we formulated the following hypothesis:

Hypothesis 1. The individual liability treatment has statistically higher loan
repayment rates than the joint liability lending treatment.

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)). Sub-
jects were recruited using ORSEE (Greiner (2004)). There were four sessions
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with 74 participants. Each sessions 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 sub-
jects. 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 outcome of her project and informed that to continue the game, they
needed to repay at least $E40. 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 a session.

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. With out settings, subjects
should not have an incentive to repay on behalf of their partner. 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 $E45 or to pay nothing. If the group’s total
repayment was $E90, profits were shown and the game continued to the next
round. If the group’s total repayment was $E45, 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 (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 bore-
dom, 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 subject 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 1 hour and subjects earned about AUD 22.
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5.3 Results

Our main objective of the experiment was to test if 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 logistic regression models to test how each state of the
world under different lending regimes affected 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 still reached a significantly higher
estimated average repayment rate compared to that of individual lending.

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 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)} = β0 + βXit + εit

where Ind, Joint1, Joint2 are the treatment dummies. Ind is the individ-
ual liability treatment and is the base category; Joint1 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.9

The left hand side of Table 5.1 shows the estimated log odds that the game
continues. According to the logistic regression, the log odds that the game
continues is negatively related to the 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 treat-
ment. This shows that subjects faced coordination problems when playing
as a group.

The right hand side of Table 5.1 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 1 in all treatments and
states of the world. The predicted probability of 1 means that under the

9We 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 5.1: 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 *** significant at 0.001

certain states of the world, subjects will always repay and the new period
is reached with the probability of 1 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 were predicted to repay 96 percent
of the time.

5.3.2 Comparing individual and joint liability lending

Firstly, we test if there is any statistically significant difference in the prob-
ability 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 ≈ 0.747). However, there is no statistically significant difference in the
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continuation probability between the individual liability and joint liability
with double successes (p < 0.05). Even though the individual liability treat-
ment yields significantly higher continuation probability than the joint liabil-
ity 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 calculate the predicted repayment rates of each treatment using
the underlying 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 p2 = 0.36. The estimated repayment rates under an
individual liability lending was 57.7 percent while the estimated repayment
rates under a traditional joint liability lending scheme was 74.4 percent. We
then tested if this difference of predicted repayment rates across treatments
is statistically different. Formally we tested:

p(ind1) R 2p(1− p)(joint1) + p2(joint2)

where ind is the predicted probability of continuation (at the mean) under
individual liability treatment; joint1 is the predicted probability of contin-
uation (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 schemes.

Result 1. A joint liability treatment has statistically higher loan repayment
rates than an individual liability lending treatment.

The results contradicted our theoretical prediction that, with our param-
eter settings and information structures among group members, individual
liability lending should outperform joint liability 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 was still more
efficient than an individual liability lending scheme. The insurance effect
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seems to be very strong; thus boosting the benefit of using joint liability
lending.

The inconsistency between the theoretical prediction and experimental
results may due to subjects having an inequality aversion and/or preference
for reciprocity. When subjects care not only about their payoff but the
difference between their payoff and those of others, then they have inequality
aversion preference (Fehr and Schmidt (1999)). This implies that cooperation
is possible if there are some people in a group that have this preference.
Preference for fairness or reciprocity (Rabin (1993a)) was also used to explain
a positive contribution in a public goods game. The idea behind this is, if
subjects have preference for reciprocity and they expect their partner to be
nice (cooperate), then they will act cooperatively and vice versa.

These results also contradict a field experiment in Vietnam by Kono
(2006) where they found that individual liability outperforms the joint li-
ability lending scheme. The difference may be due to the different subject
pool and the conditions in which the experiment was conducted. While their
sample largely comprised of older, non-student Vietnamese, ours largely com-
prised of university students.

6 Conclusion

In this paper, we examined the potential welfare gains from using joint lia-
bility lending when group members know each other’s ability to repay and
when they do not. By not making any assumptions 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 show that under complete information, the joint
liability lending scheme is afflicted with incentives to free-ride. However, if
the cost of repayment per unit of income is low enough and the group mem-
bers are able to coordinate and repay, it can still benefit from an insurance
effect.

Theoretically, a joint liability lending scheme under incomplete informa-
tion will not be able to improve social welfare compared to an individual
liability lending scheme if both 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 in-
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dividual liability lending scheme. On the other hand, 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 lia-
bility lending. Our results contradict our theoretical prediction that for the
chosen parameters free-riding dominates and show strong support for the
joint liability lending scheme. Subjects in our experiment appeared to be
able to overcome the free-riding incentives and were able to take advantage
of the insurance effect.

Appendix

Proof for Proposition 2

Proof. First note that d1i (π, 0) = c always implies the subgame-perfect con-
tinuation d2i (π, 0) = c, since otherwise the game ends with certainty and the
initial payment is lost. Secondly, any strategy that contains d2i (π, π) = c
for any i cannot be part of an equilibrium where d1i (π, π) = c ∀i. To see
this, observe that d2i (π, π) = c implies that the game will continue regard-
less of d1j(π, π), which makes it optimal for player j to free-ride and choose
d1j(π, π) = 0. So there are only two strategies remaining that are candidates:
a cover strategy sci and a default strategy sdi .

10

sci = (d1i (π, π) = c, d2i (π, π) = 0, d1i (π, 0) = c, d2i (π, 0) = c, ·)
sdi = (d1i (π, π) = c, d2i (π, π) = 0, d1i (π, 0) = 0, d2i (π, 0) = 0, ·)

We first will rule out any player using the cover strategy. Observe that
d1i (π, π) = c requires

π − 2c+ V c > π, or

V c > 2c

10We omit i’s actions for the case that her project was unsuccessful since the repayment
is trivially zero.
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where V c is the expected continuation payoff for player i playing the cover
strategy.11 This is incompatible with the condition for d2i (π, π) = 0, which
requires

π − 2c+ V c 6 π − c, or

V c 6 c

The remaining potential equilibrium entails both players playing sdi . In
what follows we will show that d1i (π, π) = c and d2i (π, π) = 0 are not com-
patible in a potential defection equilibrium. The condition for d1i (π, π) = c
to be optimal is

π − c+ V d > π,

where V d is the expected continuation payoff. Observe that d2i (π, π) = 0
requires that

π − 2c+ V d 6 π − c.

Combining the two conditions we find that an equilibrium with d1i (π, π) =
c can only non-generically exist for

V d = c.

Observe that when both players play sdi then

V d
i =

∞∑
t=0

p2t[p2(π − c) + p(1− p)π]

=
p(π − cp)

1− p2

and
V d
i = c→ c = pπ

which is ruled out by assumption.

11Note that V c also depends on the strategy player j plays. The argument holds re-
gardless of if j plays scj or sdj .
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Proof for Proposition 3

Proof. We first consider player i. We will show the condition where s∗i is
optimal when player j plays sj. Note that given that player j plays sj,
d1i (π, .) = c always implies the subgame-perfect continuation d2i (π, .) = c
since otherwise the game ends with certainty.

The condition for d1i (π, .) = c to be optimal requires

π − 2c+ Vi > π

Vi > 2c

where Vi is the expected continuation payoff for player i when si and sj
are played by player i and j.

Observe that when si and sj are played then

Vi =
∞∑
t=0

(1− (1− p)2)t(p(π − 2c))

=
p(π − 2c)

(1− p)2

Thus player i will play d1i (π, .) = c iff c
π
6 p

2(1−p+p2) .
Now consider player j. Note that if s∗i is played, it is optimal for j to

play d1j(π, π) = 0, since the game will continue regardless of her action. Also,
d1j(π, 0) = c always implies the subgame-perfect continuation d2j(π, 0) = c.
We will show the condition required for player j to play d1j(π, 0) = c.

Observe that d1j(π, 0) = c requires

π − 2c+ Vj > π

Vj > 2c

When si and sj are played then

Vj =
∞∑
t=0

(1− (1− p)2)t(p2π + p(1− p)(π − 2c))

=
p2π + p(1− p)(π − 2c)

(1− p)2
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Thus the condition required for s∗j to be optimal is c
π
6 p

2(1−p) .
Since the condition for s∗i to be optimal is always stricter, the free-ride

equilibrium exist iff c
π
6 p

2(1−p+p2) .

Proof for Proposition 4

Proof. Note that the best deviation from this default strategy is to always
repay, dri (π, πj) = c. Also, note that d1i (π, πj) = c implies the subgame-
perfect continuation of d2i (π, πj) = c, since otherwise the initial repayment is
lost. Thus the condition required for (di1(θi, θj) = di2(di1(θi, θj)) = 0) to be
optimal is

π > π − 2c+
∞∑
t=0

ptp(π − 2c)

c

π
>
p

2

Proof for Proposition 5

Proof. Note that from Proposition 4 we know that the trigger action after a
deviation from sck is a subgame-perfect continuation iff c

π
> p

2
. It remains to

show that action sck is optimal when s∗i is played by the other player.
Observe that when all players follow a cover equilibrium with defaulting

as trigger strategy, d1i (π, π) = c always implies the subgame-perfect con-
tinuation of d2i (π, π) = c. Also, note that d1k(π, 0) = c always implies the
subgame-perfect continuation of d2k(π, 0) = c since otherwise, the game ends
immediately and the initial payment is lost. In what follows we will show
the conditions under which playing d1i (π, π) = c and d1i (π, 0) = c is optimal
for all players i ∈ {i, j}.

For d1i (π, π) = c to be optimal we require

π − c+ V c
it > π + pπ

V c
it > pπ + c (2.1)

while for d1i (π, 0) = c to be optimal requires
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π − 2c+ V c
it > π

V c
it > 2c

.
where V c

it =
∑∞

t=0(1− (1− p)2)t(p2(π − c) + p(1− p)(π − 2c)).
Our assumption implies c > pπ. Therefore, the condition for d1i (π, π) = c

is stricter. It follows that sck is optimal iff Equation 2.1 holds, which requires
c
π
6 p2(2− p).

Proof for Proposition 7

Proof. First note that d2i (π, d
1
j = 0) = π is subgame-perfect following d1i (π) =

c since otherwise the game ends with certainty and player i loses her initial
repayment. Secondly, when d1j = π, it is always in player i’s best interest
to take d2i (π, d

1
j = π) = 0. It remains to show the condition required for

d1i (π, .) = c, which is

p(π − c) + (1− p)(π − 2c) + Vi > π + pVi

Vi >
(2− p)c

1− p
where Vi is the expected continuation value for player i. When both

players play si then

Vi =
∞∑
t=0

(1− (1− p)2)t(p2(π − c) + p(1− p)(π − 2c))

=
p2(π − c) + p(1− p)(π − 2c)

(1− p)2
.

Thus, d1i (π, .) = c is optimal when

p2(π − c) + p(1− p)(π − 2c)

(1− p)2
>

(2− p)c
1− p

c

π
6

p

2− p
.
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