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ABSTRACT 
 

This paper studies the problem of financing a child's primary education when the parent is faced with 
credit constraints, contracting with minors is not possible and the legal enforceability of contracts is 
limited – a profound problem in many developing countries.  It presents a model in which the empathy of 
agents towards their kinship ("family ties") is endogenized and self-enforcement of contracts is 
guaranteed through the interlinkage of credit markets – first a market for education credits, then a market 
for personal credits such as microcredits.  We analyze the impact of increased mobility and anonymity 
observed in developing societies on the optimal contract design and allow for imperfect information.  The 
main results are as follows: a decrease in information flow (regarding traceability of the whereabouts as 
well as borrowers' credit history) causes the interest rate of the education credit to always decrease, 
while the effect on the interest rate of the microcredit is ambiguous.  The latter falls if the parent's 
empathy towards its child is independent of the child's empathy.  Furthermore, we find that family ties not 
only represent an insurance for the family members against financial distress but can also dampen the 
negative effect of limited enforcement on the lender's payoff. 
 
JEL: D64; D86; I22; O12; O16 
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INTRODUCTION 
 

 profound problem of many developing countries is that access to primary education as well as 
(legal) enforceability of contracts are limited.  This paper addresses both issues and designs a 
contract that is self-enforcing and promises to improve access to primary education without 

relying on traditional collateral or contracting with minors. 
 
Even today, children from poor families often have limited or no access to primary education, not so 
much because of direct costs like school fees but mostly because of insurmountable indirect costs.  These 
costs include, for example, tuition fees, school materials, uniforms, transportation and lost earnings.  
Instead of attending school on a daily basis, children typically work in order to make a living.  The lack of 
means makes borrowing vital in order to pursue an education.  However, poor families hardly qualify for 
credits from conventional banks due to a lack of (traditional) collateral and eligible guarantors.   
 
The only remedy is often seen in microfinance, which neither relies on traditional collateral nor legal 
enforceability of contracts but on alternative mechanisms in order to guarantee the self-enforcement of 
contracts.  For example, social pressure as well as the threat of confiscating personal belongings is used in 
order to enhance compliance.  The belongings might be of only little market value but their subjective 
value, which is most decisive, can be excessively high.  A further highly effective instrument is dynamic 
lending, i.e. the promise of a continuing business connection for complying borrowers, where credit is 
increased over time (for an overview of instruments, see, e.g., Armendàriz de Aghion and Morduch, 2004, 
2005; Ledgerwood, 1999; Morduch, 1999).  
  
Microfinance institutions (MFIs) provide a wide range of services to individuals – or groups of 
individuals – in order to support and consequently help them out of poverty.  The best-known service is 

A 
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providing credit to poor households and small enterprises, the so-called microcredit.  However, the 
common practice of microfinance institutions has not focused on education so far.  Up to now, 
microfinancing has only linked microcredits with education insofar as some MFIs provide financial 
together with educational services at periodically conducted meetings (see, e.g., Dunford, 2001, 2003; 
Dunford and Denman, 2001; MkNelly and McCord, 2001, 2002, 2003). 
 
In practice, various forms of education financing schemes exist.  Nevertheless, the focus of government 
practices has been mainly on supply-sided financing schemes attempting to improve the supply of 
education (e.g., the quality of education, performance of students) and not the access to education for 
children from poor backgrounds.  This deficiency of supply-sided financing schemes has been (at least 
partly) remedied by demand-sided financing schemes which can be divided into cost-recovering and non 
cost-recovering financing of education depending on whether it is the student herself, as the main 
beneficiary of education, or others – such as the government, and hence the tax-payers – who ultimately 
pay for education.  
  
Demand-sided financing schemes have received increasing attention in recent years in practice as well as 
in the academic literature.  However, existent demand-sided financing schemes are either financially not 
sustainable or have only been concerned with improving access to higher education.  Hence, there exists a 
gap not only in policy implementation but also in academic literature regarding the sustainable financing 
of primary education in developing countries.   
 
An inherent feature of cost-recovering financing of primary education is that the main beneficiary is 
minor and therefore not allowed to contract.  This paper contributes to the current literature by 
introducing a “three-person relationship” where the lender closes an “education contract” with the parent 
instead.  Precisely, this education contract comprises, on one hand, a microcredit for the contracting 
partner's own production.  On the other hand, it includes an investment into the education of the 
borrower's child.  While some interest is paid on the former, the latter is interest-free and does not have to 
be paid back. 
   
Contracting partners are only the investor and the borrower, while the child is not bound to do anything.  
However, it is assumed that the child shows some gratitude to his parent for becoming educated and 
escaping extreme poverty.  This gratitude is expressed through a monetary transfer to the parent in the 
future.  The empathy of the parent towards his child, in turn, is induced by the anticipated gratitude of the 
child.  (Note that the parent's and child's decision-makings are formalized as optimization problems in 
which altruism is not exogenously imposed but arises as a response to (anticipated) actions.)  This paper 
focuses on the case when the lender disposes of the absolute bargaining power.  Consequently, it is the 
lender who determines the optimal contract design, which crucially depends on the parent's empathy, 
while the child optimizes his transfer on the basis of his own empathy. 
 
The self-enforcement of the education contract is guaranteed by introducing an interlinkage between the 
market for education financing and the successive credit market (e.g., microcredit, mortgage, etc.).  The 
threat of having no (or only limited) access to the credit market enhances the borrower's compliance with 
the education contract.  As experience with interlinkages between the markets of land, labor and credit 
shows, this feature allows for investment in countries where (legal) contract enforcement is limited.  
 
One key contribution of this paper is the analysis of the effect of increased mobility and anonymity in 
developing societies on the optimal terms of the interlinked contracts depending on the strength of family 
ties.  We find that a worsening in contract enforcement always leads to a decrease in the interest rate on 
the education credit while the effect on the interest rate of the microcredit in the second phase is 
ambiguous.  Nevertheless, we find that a decrease in information flow causes the interest rate to fall if the 
parent's caring for its child is independent of the child's gratitude.  A further finding is that a deterioration 
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in contract enforcement causes the interest rate on the microcredit to decrease less when family ties are 
tight than when family members are only concerned about their own welfare.  If, however, the child's 
gratefulness exceeds a rational level – that is when the child attaches greater importance to the welfare of 
his parent than his own – then a worsening of contract enforcement has the opposite effect.  In this case, 
an increase in mobility and anonymity leads to a stronger decrease in the interest rate of the microcredit 
when family ties are tight than when the parent is more individualistic. 
 
The main contribution of this paper is that – even in countries where i) a legal system guaranteeing the 
enforcement of contracts is missing, and ii) information flow (regarding traceability of the whereabouts as 
well as borrowers' credit history) is limited – the enforcement of "education contracts" is possible.  In 
other words, this financing scheme potentially represents an alternative approach for sustainably 
financing primary education, without relying on the legal enforceability of contracts, traditional collateral 
or contracting with minors.  It must be noted, however, that even though "education contracts" are self-
enforcing regardless of information flow, the latter determines the contract design and might prevent the 
closing of a contract in the first place.  Precisely, as information flow worsens and consequently interest 
rates fall, the lender becomes less willing to close a contract at all.  To the best of our knowledge, this is 
the first paper that establishes these results (and actually addresses the issue of sustainable financing of 
education in developing countries altogether). 
 
The rest of this paper is organized as follows.  In Section 2, we briefly discuss the relevant literature.  In 
Section 3, a theoretical model is presented and its implications are discussed.  In Section 4, we analyze 
the effect of a worsening in contract enforcement (e.g., due to a decrease in information flow).  Section 5 
summarizes the main findings and concludes. 
 
LITERATURE REVIEW 
 
In academic research, the literature on education financing schemes is ample.  But, just as in practice, 
demand-sided financing has been neglected for a long time, even though it can be traced back to the 
pioneering work of Milton Friedman (1955, 1962) in which he gave a potential response to the capital 
market's problem of financing (higher) education.  Research on demand-sided financing include, e.g., 
Ziderman and Albrecht (1991, 1992, 1995), Chapman (1997, 2005), Barr (2001, 2004, 2005), Palacios 
(2004), Johnstone (2004, 2005), Barr and Crawford (2005), and Chapman and Ryan (2005).  However, all 
of these articles focus on the financing of higher education, not primary education.  
 
We know of only a few articles that examine the financing of primary education in developing countries, 
and they all focus on public funding (see Mookherjee and Ray (2008), and the references therein).  To the 
best of our knowledge, private funding has not yet been addressed in the literature.  
  
The idea of interlinking markets to circumvent the problem of limited collateral, limited incentives, or 
strategic default is not novel (see, e.g., Braverman and Stiglitz, 1982; Bell and Srinivasan, 1989).  
However, previous literature has only focused on interlinked agreements under the (implicit) assumption 
of immobile village societies, where information flow regarding past misdemeanors is assumed to be 
perfect, and therefore the agent's possibility of "default and run" ruled out.  But, as Ghosh and Ray (2001) 
claim, mobility and anonymity are rising in developing societies and may initially lead to a decrease in 
information flow as the development of the country proceeds. 
 
The articles closest in spirit to this paper are Genicot and Ray (2006), Stark and Falk (1998) as well as 
Flammer (2009).  The former analyzes the effects of an improvement in contract enforcement on the 
terms of the credit contract and equilibrium payoffs depending on the agents' bargaining power.  Stark 
and Falk (1998) develop a model in which the recipient's empathy is induced by gratitude for the donation 
(while the donor feels no empathy at all) in order to illustrate the interlacement of motives of altruism and 
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exchange.  Finally, Flammer (2009) introduces an interlinkage between the market for higher education 
financing and the successive credit market.   
 
THE MODEL 
 
In the following, a model is introduced which endogenizes the mutual empathy of the agents (within a 
family), and the agents' decisions are formalized as the outcome of optimization problems.  Then, we 
study the effect of a worsening of contract enforcement on the optimal contract design depending on the 
strength of family ties. 
 
Basic Setup 
 
We consider a repeated relationship between a risk-neutral principal and a risk-averse agent in a credit 
market with enforcement constraints.  We further assume that the principal disposes of the absolute 
bargaining power and only grants credits to a borrower with proper (or no) credit history.  In the 
following discussion, having a "proper credit history" means either of the following: 1) the agent has 
never been granted a credit, 2) he has complied with past contracts, or 3) a past default is not known to 
the principal.  In other words, the principal disposes of no negative information regarding the agent's 
compliance with any potential past contracts.  The availability of such credit history is restricted and 
crucially depends on the information technology as well as the mobility of agents.  As past failures to 
comply with the agreement are only partially observed by other lenders, a defaulter may escape 
punishment and contract with other, uninformed lenders in future periods.  For simplicity, suppose that 
contracts do not chronologically overlap.  (This setting is most closely related to that described in Genicot 
and Ray (2006) who assume that every agent is a potential defaulter in an economy with imperfect 
information flow.) 
 
The time frame is presented in Figure 1.  The first phase represents the time until the child's maturity, 
which coincides with the graduation from high school.  The second phase marks the time the child is on 
the job market and earns income.  For simplicity and without loss of generality, we make the following 
assumptions: first, the child does not add to the household's income in the first phase; it either goes to 
school or stays home without earning any income.  Second, we assume that the first phase only lasts one 
period while the second phase lasts indefinitely. 
 
Figure 2: Timeline 
 

 
This figure shows the time frame.  The first phase represents the time until the child's maturity, which coincides with the graduation from high 
school.  The second phase marks the time the child is on the job market and earns income. 
   
Throughout the two phases, the potential borrower has different decisions to make.  These decisions 
(partially) depend on the borrower's periodical pre-transfer incomes from the different choices.  These are 
illustrated in Figure 2 and discussed in the following.  Note that the dotted arrows in Figure 2 indicate that 
the agent obtains the same periodical pre-transfer income in future periods.   
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Figure 2: Periodical Pre-Transfer Income of the Borrower 

 
This figure shows the decision tree of the borrower and the corresponding periodical pre-transfer incomes.  As illustrated, in the first phase, the 
principal potentially offers two kinds of contracts: an education contract and a credit contract.  If the borrower complies with the terms of 
contract, the lender offers him further credits in subsequent periods.  However, if the borrower defaults, then he needs to find a different lender – 
who is uninformed about his past delinquency – in order to obtain further credit.  Consequently, he obtains a continuation income 𝜔. 

In the first phase, the principal potentially offers two kinds of contracts: an education contract and a 
“credit contract”.  (Note that both contracts are, strictly speaking, credit contracts.  However, in order to 
distinguish them from one another, we call one education contract and the other credit contract.) The 
former comprises the following: on one hand, the lender grants the borrower a credit C of amount K at 
some interest rate i.  The borrower uses this credit for the production of some good.  
 
 Let us assume that the borrower needs a fixed amount of money in order to produce that good.  
Therefore, K is held constant while the interest rate i is a decision variable.  Let us denote the production 
function as F(C), where FC>0 and 𝐹𝐶𝐶 < 0.  On the other hand, the lender also "invests" the amount I 
into the education of the borrower's child.  For simplicity, we assume that the investor cooperates with the 
school directly, i.e. he does not give the education money to the borrower.  This feature prevents the risk 
that the borrower peculates the education money and uses it for his own purposes instead.  
 
 In addition, it is reasonable to assume that this feature also improves the enforcement of the education 
contract since the lender can credibly uphold the threat that the student only obtains his high school 
diploma if the borrower complies with the contract, i.e. if the latter repays the amount (1 + 𝑖) ⋅ 𝐾.  It is 
important to note that even though the amount of investment in education is not paid back, it is not a 
donation since the cost is borne by the parent. 
 
If the borrower complies, his periodical pre-transfer income in the first phase is 

𝑦𝑐 = 𝐹(𝐾) − (1 + 𝑖) ⋅ 𝐾. (1) 

Phase II
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t
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Compliance with the education contract leads to two outcomes: first of all, the student obtains his high 
school diploma which increases his market value on the job market and therefore his wage.  Formally, we 
consider the following wage structure for the student: 
 

𝑤 = �
𝑤 if child without diploma
 𝑤 if child with diploma                , 

(2) 

 
where 𝑤 < 𝑤.  Second, the relationship between the lender and borrower is continued in the second 
phase.  Henceforth, the borrower is eligible for microcredits of the amount K at some interest rate 𝜄.  
Consequently, if the borrower also complies in the second phase, his periodical pre-transfer income in the 
second phase is (in each period – remember that the second phase entails an infinite number of periods) 
 

𝜓𝑐 = 𝐹(𝐾) − (1 + 𝜄) ⋅ 𝐾.   (3) 

 
Otherwise, that is if the borrower complies with the education contract but reneges on his credit 
arrangement in the second phase, the agent enjoys the entire production outcome in the second period, i.e. 
𝜓𝑑 = 𝐹(𝐾).   (4) 
 
However, from the third period onwards, he only obtains some continuation income 𝜔.  This continuation 
income depends on the (legal) enforceability of contracts, punishments and sanctions as well as the 
availability of the borrower's credit history, where 𝜔 is certainly highest in societies in which mobility 
and anonymity are high and consequently the chance of detection lower.  Furthermore, the continuation 
income also depends on the potential alternative periodical pre-transfer income 𝜓�𝑐 which is derived 
below, see (8), where the former logically cannot exceed the value of the latter, i.e. 𝜔 ≤  𝜓�𝑐.  The 
continuation income is the income a defaulting borrower can expect when trying to close a microcredit 
contract (in amount of 𝐾 at interest rate 𝜄)̃ with an uninformed lender. 
 
If the borrower defaults on the education contract, then the consequences are as follows: on one hand, the 
relationship is ended and the agent enjoys the production outcome in the first period, i.e. 
 

𝑦𝑑 = 𝐹(𝐾),   (5) 

 
but from the second period onwards, he only obtains the continuation income 𝜔.  On the other hand, 
misdemeanor leads the school to prevent the student's graduation.  As a result, the student's market value 
is the same as without education, i.e. 𝑤 = 𝑤. 
 
The second type of contract the lender potentially offers in the first phase is a credit contract in amount of 
�̃�, where 
 

�̃� = 𝐾 + 𝐼, (6) 

 

at an interest rate 𝚤.̃  The assumption that the credit amount the lender grants to the borrower is equivalent 
to the amount he would lend in case of closing an education contract is made for tractability and without 
loss of generality.  Again, the interest rate 𝚤 ̃is a decision variable while the amount of credit �̃� is constant.  
With the credit contract, and in contrast to the education contract, the entire amount �̃� must be 
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compounded and repaid.  In addition, the child remains uneducated and therefore gets wage 𝑤 throughout 
its life. 

If the borrower complies with this contract, then his periodical pre-transfer income in the first phase is 
 

𝑦�𝑐 = 𝐹(𝐾 + 𝐼) − (1 + 𝚤)̃ ⋅ (𝐾 + 𝐼).   (7) 

 
The relationship continues but the terms of contract change in the subsequent phase.  Specifically, in the 
second phase, a credit contract in amount of 𝐾 at interest rate 𝜄 ̃is designed which yields a periodical pre-
transfer income of 
 

𝜓�𝑐 = 𝐹(𝐾) − (1 + 𝜄)̃ ⋅ 𝐾 (8) 

 
in case of compliance.  This same contract is renewed again and again as long as the borrower repays. 
In case that the borrower complies with the credit contract in the first phase but defaults on the 
microcredit contract in the second period, the borrower enjoys  
 

𝜓�𝑑 = 𝐹(𝐾)  (9) 

 
in the second period.  In the subsequent periods, however, he only gets the continuation income ω.   
If, in contrast, the borrower already defaults on the credit contract in the first period, then his periodical 
pre-transfer income in the first phase is 
 

𝑦�𝑑 = 𝐹(𝐾 + 𝐼).   (10) 

 
And, from the second period onwards, he only enjoys the continuation income 𝜔. 
So far, not closing a contract (of any kind) has not been addressed.  In the following, we assume that the 
non-borrower's pre-transfer income in the first phase is 
 

𝑦�0 = 𝑤0, (11) 

 
where 𝑤0 is the total wage the non-borrower earns if he does not increase his production by entering into 
a credit relationship.  Now, if the parent does not take up a credit in the second phase – regardless of 
whether he has done so in the first phase – then he is in the same financial situation as in the first phase.  
Therefore, the non-borrower's pre-transfer income in the second phase is 
 

𝜓�0 = 𝑤0.   (12) 

 
So far, we have looked at the parent's pre-transfer income.  This, however, is unlikely to be the parent's 
only income in developing countries, where a social welfare provision is missing.  The absence of a social 
welfare provision has the following important consequences: 
 
First of all, poor (especially senior) citizens are heavily reliant on monetary transfers from their children.  
These transfers – which are denoted by 𝜏 ⋅ 𝑤�  in Figure 3 below – are likely to be higher when the child is 
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educated and earns a higher income.  Thus, the investment into a child's education can be viewed as an 
investment into the child's as well as one's own future. 
 
Second, family ties are strengthened.  That is, the child's empathy towards his parent is induced by his 
gratefulness for becoming educated and escaping extreme poverty.  He cares for the parent's well-being 
and therefore financially supports his parent.  Note, an uneducated child has no reason for being grateful 
and therefore will not financially support his parent (compare Figure 3 where no transfer is made in case 
of a pure credit contract).  The empathy of the parent towards his child, in turn, is induced by the child's 
anticipated gratitude for his upbringing.  It follows that the more grateful a child is, the more the child 
(financially) cares for his parent.  The parent therefore cares more for his child's well-being.  As a 
consequence, he is more willing to take out a loan and endure hardship in order to finance the child's 
education.  This, in turn, increases the child's appreciation, and so forth. 
 
The above described relationship and monetary transactions between the lender, borrower (parent) and the 
child are pictured in Figure 3 (for the case of compliance) and further discussed in the subsequent 
sections. 
 
Figure 3: Monetary Transactions 
 

 
This figure shows the relationship and monetary transactions between the lender, borrower and the child in phases I and II for both the 
education credit and the microcredit. 
 

In the following, we first formalize the child's empathy towards his parent which arises from its gratitude 
for becoming educated and escaping poverty.  Then, we derive the optimal transfer he makes to his 
parent.  Finally, we formalize the parent's empathy towards his child and determine the optimal contract 
design of the education credit as well as the microcredit. 
 
Child's Empathy and Decision 
 
The parent's act of sending the child to school does not (officially) bind the child in any way, but it instills 
gratitude and consequently induces empathy.  As a result, the child feels obliged to help his parent if the 
latter suffers financial distress.  Let us consider the following empathy function which depends on the 
child's as well as the parent's pre-transfer income: 
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𝛽 = �
0 𝑖𝑓 𝑤 − 𝜓 ≤ 0
𝑏(𝑤,𝜓) 𝑖𝑓 𝑤 − 𝜓 > 0 , (13) 

 
where 𝜓 ∈ {𝜓𝑐 , 𝜓𝑑,  𝜓�𝑐 , 𝜓�𝑑 , 𝜓�₀, 𝜔},  𝑤 ≤ 𝜓,  0 ≤ 𝑏(𝑤,𝜓) ≤ 1, and 𝜕𝑏

𝜕𝑤
≥ 0,  𝜕𝑏

𝜕𝜓
≤ 0.  Note that 𝜓 is the 

set of the different potential periodical pre-transfer incomes of the borrower in the second phase.  
 
 In the following, we elaborate on the intuition behind the conditions listed above.  We start with the 
condition 𝑤 ≤ 𝜓.  Arguably, it is reasonable to assume that an uneducated child can at most earn as much 
as his parent earns in the second phase.  The economic intuition behind this assumption is that a parent – 
who might be uneducated himself – has the option to take up a credit and improve his periodic income 
whereas this option is not given to the child.  Thus, provided that an uneducated child would earn as much 
as an uneducated and non-contracting parent, the income of the uneducated child is always (weakly) 
lower than that of the parent in the second phase.  The next condition, i.e. 0 ≤ 𝑏(𝑤,𝜓) ≤ 1, imposes that 
the child's empathy is bounded between zero and one.  Thus, the child could basically care more for his 
parent's well-being than for his own.  According to the last two conditions (𝜕𝑏

𝜕𝑤
≥ 0 and 𝜕𝑏

𝜕𝜓
≤ 0), the 

child's empathy is increasing in his own wage and decreasing in the parent's periodical pre-transfer 
income (in the second phase).  To put it differently, the child's empathy is a function of the difference in 
pre-transfer incomes. 
 
The formalization in (13) assumes that the child is not backward-looking.  This means that the child only 
takes the current financial distress of the parent into account but not past situations of financial distress.  
Furthermore, it states that empathy only arises if the child is financially better off than the parent.  The 
economic intuition for this is as follows: a person with a low income is likely to have difficulties to make 
ends meet.  It follows that this person has enough trouble to take care of his own family (offsprings) and 
has therefore to be "selfish" enough.  In other words, he has no free resources to spare, especially not for 
someone who is financially better off. 
 
Furthermore, we impose that a child only feels sympathy for someone who keeps his agreements and does 
not default.  In other words, only if the parent is a "good citizen" and causes no (financial) harm to other 
persons does the child's empathy arise.  This assumption is made for simplicity and without loss of 
generality.  However, it is plausible to assume that education not only imparts knowledge but likely also 
morals. 
 
In the subsequent discussion, we assume that the child is risk-averse and his one-period utility function is 
quadratic and of the following form: 
 

𝑢𝑡𝐵 = (1 − 𝛽) ⋅ [𝑐 ⋅ (1 − 𝜏) ⋅ 𝑤 −
𝑑
2
⋅ ((1 − 𝜏) ⋅ 𝑤)²] + 𝛽 ⋅ [𝑐 ⋅ (𝜓 + 𝜏 ⋅ 𝑤) −

𝑑
2
⋅ (𝜓 + 𝜏 ⋅ 𝑤)²], (14) 

where the superscript 𝐵 stands for the child, and the rate of monetary transfer (as percentage of his 
income) is denoted by 𝜏, 𝜏 ∈ [0,1].  The rate of transfer is the child's sole decision variable.  The ratio 𝑐

𝑑
 is 

an indicator for the child's risk-aversion, where 𝑐 and 𝑑 are parameters.  That is, the lower is the ratio, the 
more risk-averse the child is.  If the child is risk-neutral, then 𝑑 = 0.  Note that, by construction, the 
child's post-transfer income has to be smaller than 𝑐

𝑑
, i.e. 

 

(1 − 𝜏) ⋅ 𝑤 ≤
𝑐
𝑑

. (15) 
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(This is a well-known property of the quadratic utility function.  If u(x) = c ⋅ x − d
2
⋅ x², then u′(x) ≥ 0 

requires x ≤ c
d
.) Finally, in order to impose 𝜏 ∈ [0, 1], we set 𝑐

𝑑
= 𝑤. 

The economic intuition behind relation (14) (in combination with (13)) is that the child's utility not only 
depends on his own but also on his parent's well-being.  The extent of the child's caring for his parent – 
his empathy – arises from his gratitude for enjoying a higher income thanks to his education.  Note that, 
so far, no decision-making is involved.  The only optimization the child actually undertakes is when he 
decides upon the rate of monetary transfer.  To determine the optimal rate of transfer, the child maximizes 
his utility, taking the parent's pre-transfer income 𝜓 as given: 
 

max
𝜏

(1 − 𝛽) ⋅ �𝑐 ⋅ (1 − 𝜏) ⋅ 𝑤 −
𝑑
2
⋅ ((1 − 𝜏) ⋅ 𝑤)²� + 𝛽 ⋅ �𝑐 ⋅ (𝜓 + 𝜏 ⋅ 𝑤) −

𝑑
2
⋅ (𝜓 + 𝜏 ⋅ 𝑤)²� (16) 

 
subject to the child's budget constraint 
 
(1 − 𝜏) ⋅ 𝑤 ≥ 𝑠, (17) 
 
where 𝑠 denotes the minimum cost of living.  For simplicity and without loss of generality, we set 𝑠 ≡ 0.  
Since we have that 𝜏 ∈ [0, 1] and 𝑤 is positive, we know that the budget constraint (17) is always 
fulfilled.  Thus, we have an unconstrained optimization problem. 
 
Proposition 1. The optimal rate of monetary transfer is 𝜏∗ = 𝑚𝑎𝑥 �0,  β ⋅ �1 − 𝜓

𝑤
��. 

 
Proof.  Appendix A establishes the Proof of Proposition 1.   
 
Proposition 1 unsurprisingly reveals that the optimal rate of monetary transfer is zero when the child has 
no empathy towards his parent, i.e. 𝛽 = 0, which is the case if the child's pre-transfer income is not 
higher than that of his parent (see (13)).  More importantly, it also states that a positive optimal rate of 
transfer is increasing in empathy, i.e. 𝜕𝜏

∗

𝜕𝛽
> 0.  Hence, a grateful child can increase its own welfare by 

financially helping his parent in need.  Finally, note that the child's empathy and therefore also his optimal 
transfer, 𝜏∗ ⋅  𝑤, are an outcome of the child's gratitude without assuming that altruistic behavior is 
exogenously given.  The academic literature, in contrast, often imposes a fixed level of empathy without 
explaining i) why the empathy arises in the first place, and ii) how the level of empathy is determined 
(see, e.g., Becker (1991) as well as Kolm and Mercier Ythier (2006a, 2006b)). 
 
In the following, we derive the parent's empathy towards his child. 
 
Parent's Empathy and Decision 
 
The parent's empathy towards his offspring arises due to the anticipated gratitude of his child.  Thus, the 
parent's empathy is also endogenously determined.  It is natural to assume that empathy is positively 
correlated with the percentage of income the child transfers to his parent.  Therefore, we write: 
 

𝛼 = 𝑎(τ), (18) 
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where 𝛼 denotes the parent's empathy and 𝜕𝑎
𝜕𝜏
≥ 0.  For simplicity and without loss of generality, we 

assume that the parent's empathy towards his child does not depend on any intrinsic parental feelings but 
is induced only by the expected rate of monetary transfer, i.e. 𝑎(τ = 0) ≡ 0.   

Suppose that the borrower has the same risk-aversion as his child, and anticipates his child's decision.  
Furthermore, his one-period utility function is quadratic and, in the second phase, can be written as 
follows: 
 

𝑢2𝐴(𝜓, 𝜏∗)

=  (1 − 𝛼) ⋅ �𝑐 ⋅ (𝜓 + 𝜏∗ ⋅ 𝑤) −
𝑑
2
⋅ (𝜓 + 𝜏∗ ⋅ 𝑤)2�+ 𝛼

⋅ �𝑐 ⋅ (1 − 𝜏∗) ⋅ 𝑤 −
𝑑
2
⋅ [(1 − 𝜏∗) ⋅ 𝑤]²�, 

(19) 

 
where the superscript 𝐴 stands for the borrower (parent), the subscript 2 indicates the second phase, and 
𝜓 ∈ {𝜓𝑐 ,𝜓𝑑 , 𝜓�0, 𝜓�𝑐 ,𝜓�𝑑 , 𝜔}. 
 
From the discussion above, it follows that if the optimal rate of transfer is zero, i.e. 𝜏∗ = 0, then the 
periodic utility function (19) reduces to 
 

𝑢2𝐴(𝜓, 0) =   𝑐 ⋅ 𝜓 −
𝑑
2
⋅ 𝜓2. (20) 

 
That is, if the child does not transfer any money, then the parent has no empathy for the child and is only 
concerned about his own welfare. 
 
In the first phase, in contrast to the second phase, the child earns no income and lives with his parent in 
the same household.  Consequently, the empathy towards the child plays no role in the first period, and 
we can write the parent's one-period utility function as 
 

𝑢1𝐴(𝑦) =   𝑐 ⋅ 𝑦 −
𝑑
2
⋅ 𝑦2, 

(21) 

 
where 𝑦, 𝑦 ∈ {𝑦𝑐 ,𝑦𝑑 ,𝑦�0,𝑦�𝑐 ,𝑦�𝑑}, belongs to the set of the various potential periodical incomes of the 
parent in the first period (see (1), (5), (7), (10), (11), as well as Figure 2). 
 
The parent's lifetime utility is additive time-separable.  For simplicity, we assume that the discount factor 
𝛿 is constant over time and common for all parties. 
 
In the first period, the parent is credit constrained but has the option to take up either an education credit 
or a microcredit.  Regardless of the type of credit, this paper studies the case when the lender disposes of 
the absolute bargaining power.  That is, the lender decides upon the interest rate for a given amount of 
capital.  It follows that the parent only decides whether to contract at all, and if so, which credit he ought 
to choose.  Furthermore, he also decides upon keeping or breaking the agreement.  All these decisions 
depend entirely on the present value of his lifetime utilities from the various options.  It follows that the 
contract design of the different credit types plays a vital role in the decision-making of the borrower.  
Accordingly, we now turn to the principal's decision-making. 
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Lender's Decision 
 
The principal is assumed to be risk-neutral and to have all bargaining power – he designs the contract 
such that his lifetime utility, denoted by 𝑈𝑃, is maximized while satisfying the following constraints: 
First, keeping in mind that we intend to find a way to finance primary education, the investor must find it 
best to offer an education contract in the first phase.  The lender has an incentive to offer an education 
contract only if it gives him a higher lifetime utility than closing a credit contract or not contracting at all 
in the first phase (see (23)).  Second, the participation of the opportunistic agent – the parent – must be 
guaranteed, i.e. complying with the education contract must bring about a higher lifetime utility than 
opting for a credit contract in the first period (see (24)).  Third, contracting again in the second phase 
must give the agent a higher utility than not contracting (see (25)).  
 
 Finally, the last and – due to the absence of legal enforceability – crucial constraints are that the design of 
the education contract as well as the microcredit contract must be self-enforcing at every point in time in 
order to give the agent incentives to comply in each period (see (26) and (27)).  Precisely, in every period, 
the borrower must be better off by complying and obtaining credit from the same lender in the future 
periods than by defaulting and enjoying the continuation value in the subsequent periods. 
 
Formally, the lender's constrained optimization problem can be written as follows (remember that the first 
phase lasts one period while the second phase lasts an infinite number of periods): 
 

max
𝑖, 𝜄

𝑈𝑃(𝑖, 𝜄) = 𝑖 ⋅ 𝐾 +
𝛿

1 − 𝛿
⋅ 𝜄 ∙ 𝐾 (22) 

 
subject to the principal's incentive constraint to grant an education credit in the first phase followed by a 
microcredit in the second phase 
 
𝑈𝑃(𝑖, 𝜄) ≥ 𝑈𝑃(�̃�, 𝜄)̃, (23) 
 
the agent's participation constraint in the first phase 
 

𝑢1𝐴�𝑦𝑐(𝑖)� +
𝛿

1 − 𝛿
∙ 𝑢2𝐴�𝜓𝑐(𝜄), 𝜏∗(𝜓𝑐 ,𝑤�)� ≥   𝑢1𝐴�𝑦�𝑐(𝚤)̃� +

𝛿
1 − 𝛿

∙ 𝑢2𝐴�𝜓�𝑐(𝜄)̃, 0�, 
(24) 

 
the agent's participation constraint in the second phase 
 

𝑢2𝐴�𝜓𝑐(𝜄), 𝜏∗(𝜓𝑐 ,𝑤�)� ≥ 𝑢2𝐴 �𝜓�0, 𝜏∗�𝜓�0,𝑤���, (25) 

the self-enforcement constraint in the first phase 
 

𝑢1𝐴�𝑦𝑐(𝑖)� +
𝛿

1 − 𝛿
∙ 𝑢2𝐴�𝜓𝑐(𝜄), 𝜏∗(𝜓𝑐 ,𝑤�)� ≥ 𝑢1𝐴(𝑦𝑑) +

𝛿
1 − 𝛿

∙ 𝑢2𝐴(𝜔, 0), (26) 

 
and the self-enforcement constraint in the second phase 
 

𝑢2𝐴�𝜓𝑐(𝜄), 𝜏∗(𝜓𝑐 ,𝑤�)�  ≥ (1 − 𝛿) ∙ 𝑢2𝐴(𝜓𝑑 , 0) + 𝛿 ∙ 𝑢2𝐴(𝜔, 0), (27) 
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where 𝑦𝑑 = 𝜓𝑑.  For simplicity and without loss of generality, we set 𝜄 ̃ ≡ 0 as well as 𝑈𝑃(�̃�, 𝜄)̃ = 0. 

Consequently, the Lagrangian function is: 
 

ℒ(𝑖, 𝜄, 𝜆1,𝜆2,𝜆3,𝜆4) = 𝑓(𝑖, 𝜄) + �𝜆𝑗 ⋅ 𝑔𝑗(𝑖, 𝜄)
2

𝑗=1

+ 𝜆3 ⋅ 𝑔3(𝜄) + 𝜆4 ⋅ 𝑔4(𝑖, 𝜄) + 𝜆5 ⋅ 𝑔5(𝜄), (28) 

 
where 𝑓(𝑖, 𝜄) is the objective function, 𝜆𝑗, 𝑗 = 1, . . ,5, are Lagrange multipliers, and 𝑔₁(𝑖, 𝜄) through 𝑔₅(𝜄) 
denote the functions corresponding to the various constraints of the lender's optimization problem, i.e. 
 

𝑔₁(𝑖, 𝜄) = 𝑈𝑃(𝑖, 𝜄) − 𝑈𝑃(�̃�, 𝜄)̃, (29) 

𝑔2(𝑖, 𝜄) = 𝑢1𝐴�𝑦𝑐(𝑖)� −  𝑢1𝐴�𝑦�𝑐(𝚤)̃� +
𝛿

1 − 𝛿
∙ �𝑢2𝐴�𝜓𝑐(𝜄), 𝜏∗(𝜓𝑐 ,𝑤�)� − 𝑢2𝐴�𝜓�𝑐(𝜄)̃, 0��, 

(30) 

𝑔₃(𝜄) = 𝑢2𝐴�𝜓𝑐(𝜄),  𝜏∗(𝜓𝑐 ,𝑤�)� − 𝑢2𝐴 �𝜓�0, 𝜏∗�𝜓�0,𝑤���, (31) 

𝑔₄(𝑖, 𝜄) = 𝑢1𝐴�𝑦𝑐(𝑖)� −  𝑢1𝐴(𝑦𝑑) +
𝛿

1 − 𝛿
∙ �𝑢2𝐴�𝜓𝑐(𝜄), 𝜏∗(𝜓𝑐 ,𝑤�)� − 𝑢2𝐴(𝜔, 0)�, 

(32) 

𝑔5(𝜄) = 𝑢2𝐴�𝜓𝑐(𝜄),  𝜏∗(𝜓𝑐 ,𝑤�)� − (1 − 𝛿) ∙ 𝑢2𝐴(𝜓𝑑 , 0) − 𝛿 ∙ 𝑢2𝐴(𝜔, 0). (33) 

 
In general, we do not know which constraints will be binding at the maximum (a full characterization of 
the solution would require an additional set of assumptions).  However, the problem is only interesting 
when the enforcement constraints bind.  Otherwise, the principal simply sets 𝑖 and 𝜄 such that the 
participation contraint binds in each period, and the credit agreement simplifies to the solution of a 
standard contracting model without limitation on contract enforcement.  In the following, we only 
consider the more interesting case with binding enforcement constraints.  That the enforcement 
constraints bind at the optimum is very intuitive.  A contract design which ensures the participation of the 
contracting partners – and therefore the closing of the contract – does not necessarily lead to the 
compliance of the borrower.  Thus, a lender will likely give priority to the self-enforcement of the 
agreement and check only afterwards whether participation of the borrower is guaranteed.  For a similar 
argument, see, e.g., Genicot and Ray (2006), Banerjee and Ghatak (2004), Ghosh, Mookherjee and Ray 
(2000). 
 
In the following, we determine the optimal contract design, i.e. the optimal interest rates in phases one 
and two, from the two self-enforcement constraints and then solve the constrained optimization problem 
by backward induction. 
 
In a first step, we consider the self-enforcement constraint in the second phase (27) which is binding.  
Rewriting it and using (19) as well as (20), we obtain the optimal interest rate in phase two: 
 
𝜄∗ = 𝑔−1(0), (34) 
where 
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𝑔(𝜄)

= �1 − 𝑎�𝜏∗(𝜓𝑐(𝜄),𝑤�)�� ∙ �𝑐 ∙ (𝜓𝑐(𝜄) + 𝜏∗(𝜓𝑐(𝜄),𝑤�) ∙ 𝑤�) −
𝑑
2
∙ (𝜓𝑐(𝜄) + 𝜏∗(𝜓𝑐(𝜄),𝑤�) ∙ 𝑤�)2�

+ 𝑎�𝜏∗(𝜓𝑐(𝜄),𝑤�)� ∙ �𝑐 ∙ �1 − 𝜏∗(𝜓𝑐(𝜄),𝑤�)� ∙ 𝑤� −
𝑑
2
∙ ��1 − 𝜏∗(𝜓𝑐(𝜄),𝑤�)� ∙ 𝑤��2� − (1 − 𝛿)

∙ �𝑐 ∙ 𝜓𝑑 −
𝑑
2
∙ 𝜓𝑑2� − 𝛿 ∙ �𝑐 ∙ 𝜔 −

𝑑
2
∙ 𝜔2�. 

(35) 

 
In a second step, we consider the self-enforcement constraint in the first phase (26), which is also binding.  
The optimal interest rate in phase one is obtained by using equation (19), (20), and (21), taking the 
optimal interest rate from phase two (34) as given.  We obtain 
 

𝑖∗ = ℎ−1(0), (36) 

where 
 
ℎ(𝑖)

=  𝑐 ⋅ �𝑦𝑐(𝑖) − 𝑦𝑑 −
𝛿

1 − 𝛿
⋅ 𝜔� −

𝑑
2
⋅ �𝑦𝑐(𝑖)2 − 𝑦𝑑2 −

𝛿
1 − 𝛿

⋅ 𝜔2� +
𝛿

1 − 𝛿

∙ �
�1 − 𝑎�𝜏∗(𝜓𝑐(𝜄∗),𝑤�)�� ∙ �𝑐 ∙ (𝜓𝑐(𝜄∗) + 𝜏∗(𝜓𝑐(𝜄∗),𝑤�) ∙ 𝑤�) −

𝑑
2
∙ (𝜓𝑐(𝜄∗) + 𝜏∗(𝜓𝑐(𝜄∗),𝑤�) ∙ 𝑤�)

+𝑎�𝜏∗(𝜓𝑐(𝜄∗),𝑤�)� ∙ �𝑐 ∙ �1 − 𝜏∗(𝜓𝑐(𝜄∗),𝑤�)�  ∙ 𝑤� −
𝑑
2
∙ ��1 − 𝜏∗(𝜓𝑐(𝜄∗),𝑤�)� ∙ 𝑤��2�

 

(37) 

 
As we argued above, mobility and anonymity are rising in developing societies and presumably lead to a 
decrease in information flow at some stage of the economic development.  Most certainly, this decrease in 
information flow will affect the enforcement of contracts.  Therefore, we now turn to the consequences of 
a change in information flow on the optimal contract design.  Precisely, we study the effect of an 
impairment in contract enforcement (which is induced by a deterioration in information flow) on the 
optimal interest rate in phases one and two ((36) and (34), respectively). 
 
Comparative Statics: Change In Contract Enforcement 
 
The worsening of enforcement can be seen as an increase in the agent's continuation income 𝜔, where 𝜔 
is highest if the agent is able to contract in each period with an uninformed lender and default without 
getting punished.  However, we know that if defaulting leads neither to punishment nor any limitations in 
obtaining new credit, then the agent would naturally always default (regardless of the contract design).  
Let us denote this maximal level as 𝜔�, where 
 

𝜔� = 𝐹(𝐾). (38) 

 

We know that if 𝜔 = 𝜔�, then the self-enforcement constraint cannot be met.  Consequently, any 
continuation income that satisfies the self-enforcement constraint must always be strictly smaller than the 
natural upper bound, i.e. 𝜔 < 𝐹(𝐾). 
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Proposition 2. We have that 𝑑𝑖
∗

𝑑𝜔
≤ 0, where 𝑑𝑖

∗

𝑑𝜔
 is independent of 𝛼 and 𝛽, and 𝑑𝜄∗

𝑑𝜔
(𝛼 = 𝛼0) ≤

0.  Furthermore, we have that 

�
𝑑𝜄∗

𝑑𝜔
(𝛼 = 𝛼0,  𝛽 = 𝛽0)� ≤ �

𝑑𝜄∗

𝑑𝜔
(𝛼 = 𝛼0,  𝛽 = 0)�, 

and 

�𝑑𝜄
∗

𝑑𝜔 (𝛼 = 𝛼0)� ≤ �𝑑𝜄
∗

𝑑𝜔 (𝛼 = 0)� , if 𝛽 ≤ 0.5

�𝑑𝜄
∗

𝑑𝜔 (𝛼 = 𝛼0)� > �𝑑𝜄
∗

𝑑𝜔 (𝛼 = 0)� , otherwise
. 

 
Proof.  Appendix B establishes the Proof of Proposition 2 in detail.   
 
Proposition 2 claims that a worsening in contract enforcement ultimately causes the interest rate on the 
education credit in phase one to always decrease.  It is little surprising that this change is independent of 
the underlying assumptions regarding the child's and parent's empathy towards each other since both are 
assumed to live within the same household during the first phase.  More interesting is the effect on the 
interest rate of the microcredit in the subsequent phase.  This effect is ambiguous.  Precisely, we find that 
a deterioration in contract enforcement always leads to a lower interest rate on the microcredit under the 
assumption that the parent's empathy towards his child is constant, i.e. 𝛼 = 𝛼₀ with 𝛼₀ ∈ [0,1].  The 
extent to which the parent cares for his child's well-being does not depend on the anticipated rate of 
transfer. 
 
The economic intuition behind the above finding is straightforward: a rise in the continuation value (e.g., 
due to a worsening of information flow) causes a violation of the self-enforcement constraint.  Reneging 
on a current agreement becomes more attractive for the parent than complying.  As a consequence, the 
contract design must be adjusted in order to restore self-enforcement.  More precisely, the post-transfer 
income of the parent must be raised.  This is accomplished by lowering the interest rate for the following 
reason: a decrease in the interest rate leads to an increase in the parent's pre-transfer income.  A marginal 
increase in the parent's pre-transfer income, in turn, results in a relatively low increase of transfer, i.e. 
  
�𝜕𝜏

∗

𝜕𝜓𝑐
� ⋅ 𝑤� ≤ 1.  This means that, despite a lower monetary transfer from the child, the parent's post-

transfer increases after an increase in pre-transfer income.  Thus, a rise of mobility and anonymity in 
developing societies leads to a decrease in the optimal interest rate on the microcredit 𝜄 in order to prevent 
the borrower from reneging on the contract. 
 
This result is in line with the finding of Genicot and Ray (2006) who argue that, under the assumption of 
pure selfish behavior, an improvement in enforcement leads to a decrease of the borrower's utility if the 
lender has enough bargaining power.  By extending their framework and allowing for endogenous 
altruistic behavior, we find that a worsening of contract enforcement causes the interest rate ι on the  
 
microcredit (in the second phase) to decrease less when the child and parent feel some empathy towards 
each other than when the child only cares about his own well-being, i.e. �𝑑𝜄

∗

𝑑𝜔
(𝛼 = 𝛼0,  𝛽 = 𝛽0)� ≤

�𝑑𝜄
∗

𝑑𝜔
(𝛼 = 𝛼0,  𝛽 = 0)�, with 𝛼₀ ∈ [0, 1] and 𝛽₀ ∈ [0, 1].  Furthermore, we also find that a decrease in  

information flow causes the interest rate 𝜄 to decrease less when the parent feels some empathy towards 
his child than when the parent is motivated purely on the basis of exchange motives.  However, this is 
only true as long as the child cares more for himself than for his parent.  If, in contrast, the child attaches 
greater importance to the well-being of his parent than his own, then a worsening of contract enforcement 
has the opposite effect. 
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This finding has important policy implications since it means that in societies where family ties are 
stronger and people more grateful, the rise of mobility and anonymity causes the interest rate to fall less 
than in more individualistic societies.  Hence, the caring (empathy) of family members for each other is 
not only a way to insure themselves against financial distress but also dampens the negative effect of a 
deterioration in contract enforcement on the lender's payoff.  If, however, gratefulness exceeds a rational 
level – that is when the child's gratefulness takes the form of self-sacrificing itself for the parent's well-
being – then an increase in mobility and anonymity demands a sharper decrease in the interest rate in 
altruistic compared to more individualistic societies. 
 
CONCLUSION 
 
The objective of this paper has been to present a financing scheme which promises to enhance access to 
primary education in developing countries, without relying on the legal enforceability of contracts, 
traditional collateral or contracting with minors.  Furthermore, due to increased mobility and anonymity 
in developing countries, we have analyzed its effect on the optimal terms of the contracts depending on 
the strength of family ties and have found that family ties matter; they not only prevent the family 
members from financial hardship (e.g., during retirement) but can also mitigate the fall of the lender's 
payoff due to limited contract enforcement. The proposed financing scheme is only a first step in this 
mostly unexplored field.  Further research is needed that, e.g., explores the importance of cultural 
characteristics on the design of self-enforcing contracts. 
 
APPENDICES 
 
Appendix A 
 
In the following, we establish the proof to Proposition 1 which claims that the optimal amount of transfer 
is given by 𝜏∗ = 𝑚𝑎𝑥 �0,  β ⋅ �1 − 𝜓

𝑤
��. 

The child's optimization problem is as follows: 
 

max
𝜏

(1 − 𝛽) ⋅ �𝑐 ⋅ (1 − 𝜏) ⋅ 𝑤 −
𝑑
2
⋅ ((1 − 𝜏) ⋅ 𝑤)²�+ 𝛽 ⋅ �𝑐 ⋅ (𝜓 + 𝜏 ⋅ 𝑤) −

𝑑
2
⋅ (𝜓 + 𝜏 ⋅ 𝑤)²� (1A) 

subject to the child's budget constraint 
 

(1 − 𝜏) ⋅ 𝑤 ≥ 0, (2A) 

where 𝜓 ∈ �𝜓𝑐 , 𝜓𝑑,  𝜓�𝑐 , 𝜓�𝑑 , 𝜔�, 𝑤 ∈ �𝑤,𝑤��, 𝑤 ≤ 𝜓,  𝑤� = 𝑐
𝑑
 and 𝛽 = �

0 if 𝑤 − 𝜓 ≤ 0
𝑏(𝑤,𝜓) if 𝑤 − 𝜓 > 0.  As  

 
stated in the main text, the budget constraint is always fulfilled when 𝜏 ∈ [0,1].  Thus, the solution of this  
constrained optimization problem is identical to the solution of the corresponding unconstrained 
optimization problem.  The solution 𝜏∗ follows straight from the first order condition.  Specifically, taking 
into account that the child views the parent's pre-transfer income 𝜓 as exogenous when maximizing his 
utility, we obtain the optimal transfer 
 

𝜏∗ = �β ⋅ �1 −
𝜓
𝑤
� if 𝑤 = 𝑤� ∧  𝜓 = 𝜓𝑐

0 otherwise
�, 

(3A) 

which completes the proof.   
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Appendix B 

In this appendix, we provide the Proof of Proposition 2 which states that a worsening in contract 
enforcement ultimately causes the interest rate on the education credit (phase 1) to decrease while the 
effect on the interest rate of the microcredit (phase 2) is ambiguous.  The latter decreases if the parent's 
empathy is constant.  In addition, Proposition 2 claims that a deterioration in contract enforcement causes 
the interest rate on the microcredit to decrease less when the child and parent feel some empathy towards 
each other than when they are either selfish and ungrateful, or when the child sacrifices itself for the well-
being of his family. 

The optimal interest rate in phase one is given by 
 

𝑖∗ = ℎ⁻¹(0), (1B) 

where ℎ(𝑖) is defined in (37), and we have 
 
𝑑𝑖∗

𝑑𝜔
= −

ℎ𝜔
ℎ𝑖

, 
(2B) 

 
where ℎ𝜔 denotes the partial derivative of ℎ(𝑖) with respect to the continuation income 𝜔 and ℎ𝑖 denotes 
the partial derivative of ℎ(𝑖) with respect to the interest rate 𝑖.  The latter is given by 
 

ℎ𝑖 =
𝜕𝑦𝑐
𝜕𝑖

∙ �𝑐 − 𝑑 ∙ �𝑦𝑐(𝑖)��, 
(3B) 

 
where 𝜕𝑦𝑐

𝜕𝑖
< 0.  Since we know that, by construction, income must be smaller than the ratio 𝑐

𝑑
, we can 

exclude the case that 𝑦𝑐(𝑖) ≥  𝑐
𝑑
.  It follows that 

 

 ℎ𝑖 < 0. (4B) 

The partial derivative of ℎ(𝑖) with respect to 𝜔, on the other hand, is 
 

ℎ𝜔 = −
𝛿

1 − 𝛿
∙ (𝑐 − d ⋅ ω). 

(5B) 

Thus, for the same reason (regarding income) as above, we have that 
 

ℎ𝜔 < 0. (6B) 

From (4B) and (6B), it follows that 
 
𝑑𝑖∗

𝑑𝜔
< 0. 

(7B) 

 

We can conclude that an improvement in contract enforcement (which diminishes 𝜔) always causes the 
interest rate on the education credit to rise. 
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Let us now turn to the optimal interest rate in the second phase, which is given by (34), i.e. 
 

𝜄∗ = 𝑔⁻¹(0), (8B) 

 
where 𝑔(𝜄) is defined as in (35).  We can write 
 
𝑑𝜄∗

𝑑𝜔
= −

𝑔𝜔
𝑔𝜄

, 
(9B) 

 
where 𝑔𝜔 stands for the partial derivative of 𝑔(𝜄) with respect to the continuation income 𝜔 and 𝑔𝜄 
denotes the partial derivative of 𝑔(𝜄) with respect to the interest rate 𝜄.  The former is 
 

𝑔𝜔 = −𝛿 ⋅ [𝑐 − 𝑑 ⋅ 𝜔],    (10B) 

 
where 𝜔 < 𝑐

𝑑
 by construction.  Therefore, the partial derivative of 𝑔(𝜄) with respect to the continuation 

value is always negative, i.e. 
 

𝑔𝜔 < 0. (11B) 

 
It follows that the change in 𝜄∗ due to a deterioration of contract enforcement is of the same sign as the 
partial derivative of 𝑔(𝜄) with respect to the interest rate in the second phase: 
 

𝑠𝑖𝑔𝑛 �
𝑑𝜄∗

𝑑𝜔�
= 𝑠𝑖𝑔𝑛[𝑔𝜄]. 

(12B) 

 
The partial derivative of 𝑔(𝜄) with respect to the interest rate 𝜄 is given by 
 

𝑔𝜄 = �𝜉 + �𝜂 + 𝜗 ∙
𝜕𝑎
𝜕𝜏
� ∙

𝜕𝜏∗

𝜕𝜓𝑐
� ∙
𝜕𝜓𝑐
𝜕𝜄

,   
(13B) 

 
where 

𝜉 ∶= �1 − 𝑎�𝜏∗(𝜓𝑐(𝜄), 𝑤�)��∙ [𝑐 − 𝑑 ∙ (𝜓𝑐(𝜄) + 𝜏∗(𝜓𝑐(𝜄),𝑤�) ∙ 𝑤�)], (14B) 

𝜂 ∶= 𝑤� ∙ �𝑐 ∙ �1 − 2 ∙ 𝑎�𝜏∗(𝜓𝑐(𝜄),𝑤�)��  − 𝑑 ∙ �
𝜓𝑐(𝜄) ∙ �1 − 𝑎�𝜏∗(𝜓𝑐(𝜄),𝑤�)��

+𝑤� ∙ �𝜏∗(𝜓𝑐(𝜄),𝑤�)− 𝑎�𝜏∗(𝜓𝑐(𝜄),𝑤�)��
��, (15B) 

𝜗 ∶= 𝑐 ∙ [1 − 2 ∙ 𝜏∗(𝜓𝑐(𝜄),𝑤�) ∙ 𝑤� − 𝜓𝑐(𝜄)] −
𝑑
2
∙ � ��1 − 𝜏∗(𝜓𝑐(𝜄),𝑤�)� ∙ 𝑤��2

−[(𝜓𝑐(𝜄) + 𝜏∗(𝜓𝑐(𝜄),𝑤�) ∙ 𝑤�)]2
�, (16B) 

and 𝜕𝑎
𝜕𝜏
≥ 0, 𝜕𝜏

∗

𝜕𝜓𝑐
≤ 0, and 𝜕𝜓𝑐

𝜕𝜄
< 0. 
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(13B) is too involved to be interpreted.  Therefore, we study the case where the borrower's empathy 
towards his child is independent of his transfer, i.e. 𝛼 = 𝛼0 with 𝛼0 ∈ [0, 1] and 𝜕𝑎

𝜕𝜏
= 0.  Since 𝑐

𝑑
= 𝑤� , 

(13B) simplifies to 
 

𝑔𝜄 = �𝜉 + 𝜂 ∙
𝜕𝜏∗

𝜕𝜓𝑐
� ∙
𝜕𝜓𝑐
𝜕𝜄

,   (17B) 

 
where 
 

𝜉 ∶= (1 − 𝛼0)∙ 𝑑 ∙ ��1 − 𝜏∗(𝜓𝑐(𝜄),𝑤�)� ∙ 𝑤� − 𝜓𝑐(𝜄)�, (18B) 

𝜂 ∶= 𝑤� ∙ 𝑑 ∙ � (1 − 𝛼0) ∙ �𝑤� − 𝜓𝑐(𝜄)� − 𝜏∗(𝜓𝑐(𝜄),𝑤�) ∙ 𝑤��. (19B) 

 
It is reasonable to assume that �1 − 𝜏∗(𝜓𝑐(𝜄),𝑤�)� ∙ 𝑤� ≥ 𝜓𝑐(𝜄) + 𝜏∗(𝜓𝑐(𝜄),𝑤�) ∙ 𝑤� , which means that the 
order of post-transfer incomes remains the same as prior to the transfer.  Otherwise, the child would be 
worse off after transferring money than his parent is.  It follows that 𝜉 ≥ 0.  Furthermore, we have that 
 

𝜂 �≥ 0 if �1 − 𝜏∗(𝜓𝑐(𝜄),𝑤�)� ∙ 𝑤� − 𝜓𝑐(𝜄) ≥ 𝛼0 ∙ �𝑤� − 𝜓𝑐(𝜄)� 
≤ 0 otherwise

. (20B) 

 
It follows that 𝑔𝜄 ≤ 0 and therefore 
 
𝑑𝜄∗

𝑑𝜔
(𝛼 = 𝛼0) ≤ 0. 

(20B) 

 
Now, let us compare the slopes of the contour line.  We know that (10B) is independent of 𝛼 and 𝛽.  
Thus, the denominators of all slopes are the same, and we only need to compare the nominators.  It is 
straightforward to see that 
 

𝑔𝜄(𝛼 = 𝛼0,  𝛽 = 𝛽0) ≥ 𝑔𝜄(𝛼 = 𝛼0,  𝛽 = 0), (21B) 

and 

𝑔𝜄(𝛼 = 𝛼0) ≥ 𝑔𝜄(𝛼 = 0) if 𝛽 ≤ 0.5
𝑔𝜄(𝛼 = 𝛼0) < 𝑔𝜄(𝛼 = 0) otherwise, (22B) 

 
where 𝛼0 ∈ [0, 1] and 𝛽0 ∈ [0, 1].  It follows that 
 

�
𝑑𝜄∗

𝑑𝜔
(𝛼 = 𝛼0,  𝛽 = 𝛽0)� ≤ �

𝑑𝜄∗

𝑑𝜔
(𝛼 = 𝛼0,  𝛽 = 0)�, 

(23B) 

and 



C. FLAMMER | IJMMR ♦ Vol. 4 ♦ No. 2 ♦ 2011  
 

20 
 

�
𝑑𝜄∗

𝑑𝜔
(𝛼 = 𝛼0)� ≤ �

𝑑𝜄∗

𝑑𝜔
(𝛼 = 0)� , if 𝛽 ≤ 0.5

�
𝑑𝜄∗

𝑑𝜔
(𝛼 = 𝛼0)� > �

𝑑𝜄∗

𝑑𝜔
(𝛼 = 0)� , otherwise

. (24B) 

This completes the proof.   
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