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This thesis studies the determinants of investments in children in developing 

countries.  The first chapter examines impact of access to credit on household business 

decisions and child labor supply.  The second chapter investigates the roles of 

economic incentives in the differential treatment that boys and girls receive in 

Thailand.  The final chapter measures the extent to which boys receive better prenatal 

care in utero than girls in South and Southeast Asia. 
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Chapter 1 

 

From Loans to Labor: Access to Credit, 

Entrepreneurship and Child Labor 

 

 

Abstract 

This paper seeks to understand household business decisions in response to 

increased credit access in an environment with multiple market failures. A simple 

model suggests that households at certain wealth thresholds might be able to overcome 

the fixed costs of entering entrepreneurship when they have increased access to credit. 

In the presence of labor market imperfections however, these same households may 

also be more likely to employ child labor.  I test these predictions using household and 

child level panel data from Thailand.  To isolate the causal impacts of household 

borrowing, I exploit the exogenous timing and institutional features of the Million 

Baht Program, one of the largest government initiatives to increase household access 

to credit in the world.  I find that, consistent with the model, expanded access to credit 

raises entry into entrepreneurship for households in specific wealth groups while 

simultaneously increasing the use of child labor in these households. The results 

suggest that through the avenue of encouraging entrepreneurial activity, expanding 

credit access may have unintended consequences for the supply of child labor. 



2 

 

1.1  Introduction 

Understanding the role of financial intermediation in household decisions is 

important for identifying the underlying determinants of economic growth and for 

designing effective policy in the developing world. A large body of evidence has 

shown that the availability of financial tools has considerable impacts on households' 

ability to smooth consumption, make long-term investments and manage risk (for a 

survey of this literature, see Conning and Udry (2007)).  Another important 

consequence of financial market imperfections is the limitations that such 

imperfections place on the structure and organization of entrepreneurial production.  

Entrepreneurial activity is a key factor in economic development, with the potential to 

foster innovation and create employment at a macroeconomic level and alleviate 

poverty at the microeconomic level. 

Seminal theoretical work by Eswaran and Kotwal (1986) highlights the role 

that access to working capital plays in determining which households become 

entrepreneurs, as well as the composition of labor that entrepreneurs employ.  Yet 

empirical work elucidating the relationship between credit access and entrepreneurial 

decisions is only now emerging (Paulson and Townsend (2004), McKenzie and 

Woodruff (2006), Karlan and Zinman (2010)). For example, recent evidence from a 

randomized evaluation in India has shown that expanding access to credit can have 

significant effects on entrepreneurship (Banerjee, Duflo, Glennerster and Kinnan 

(2010)).  However, a key feature of the developing country context is the presence of 
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multiple market imperfections; labor market failures is one well-studied example 

(Deolalikar and Vijverberg (1983), Newell, Pandya and Symons (1997) and 

Bharadwaj (2008)). Thus a relevant question in this setting is the extent to which 

changes in business activity generated by increased credit access affect household 

labor supply decisions. This paper examines the role of credit constraints in 

entrepreneurial and labor supply choices in the context of labor market imperfections.   

In particular, I focus on the use of child labor by households that enter into 

entrepreneurship. 

I develop a simple model in which there are fixed costs associated with 

entering entrepreneurship and in which there is a positive relationship between credit 

access and household wealth.  These two features generate a wealth threshold that 

separates business owners from non-business owners.  In the presence of underlying 

labor market imperfections, this initial allocation of entrepreneurship is inefficient; 

those with positive returns to business ownership are not able to pay the fixed cost and 

thus remain non-entrepreneurs.  An increase in credit access lowers the wealth 

threshold, stimulating new entrepreneurship among a subset of households in the 

middle of the wealth distribution; if the credit expansion is limited, some households 

will remain shut out of business ownership.  The movement from wage work to 

entrepreneurship has complex effects on the supply of household labor.  These impacts 

depend on the relative increase in labor productivity that results from entering 

entrepreneurship, the extent of the existing labor market imperfections, and 

households' marginal rate of substitution between leisure and consumption.  Thus 
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theoretically, it is not clear whether entry into entrepreneurship leads to higher or 

lower levels of household labor. 

Empirically identifying the impact of increased credit access is often difficult, 

as the decision to take out a loan is usually correlated with unobserved characteristics 

of households that may also influence the outcomes of interest.  For example, one 

might worry that underlying differences between borrowing and non-borrowing 

households may confound the effect of credit on child labor and entrepreneurial 

decisions.  I tackle the issue of endogeneity in two ways.  First, I implement an 

instrumental variables strategy that exploits the exogenous timing and institutional 

features of the Million Baht Program, a national credit expansion in Thailand.  This 

program was one of the largest government initiatives aimed to expand household 

access to credit in the world, totaling about US$1.8 billion in initial funds.  The 

program involved a lump sum transfer from the central government to each village in 

Thailand - regardless of population - leading to larger per-capita increases in credit 

availability in villages that were smaller at the time the funds were received.  The 

strategy in this paper builds on previous work by Kaboski and Townsend 

(forthcoming) by using both the variation in village population as well as the 

additional variation generated by the random order in which villages received the 

funds from the central government.  Thus, in addition to some households randomly 

having access to larger per-capita borrowing pools, the expansion led to some 

households being granted access earlier than others. 
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Second, the dataset used in this paper is a monthly panel collected at the 

household and child level over seven years.  By studying business and child labor 

decisions within the same household and even within observations for the same child 

over time, I can control for time-invariant unobserved heterogeneity across households 

and children.  For example, this accounts for any constant measures of ability or 

entrepreneurial talent as well as any level differences across villages (such as 

differences across large and small villages).  The combination of a fixed-effects and 

instrumental variables strategy allows me to cleanly identify the effect of credit on 

both entrepreneurial activity and child labor in a way that previous studies have not 

been able to achieve. 

I find that increased access to credit stimulates non-agricultural business 

ownership only among households in the middle of the wealth distribution.  For these 

households, an additional 1000 baht (approximately US$23) of borrowing leads to a 

1.7 percentage point increase in the likelihood of operating a non-agricultural business 

(10% over the pre-expansion mean).1  Business investment also increases; a 1000 baht 

increase in borrowing leads to an 18% increase in the stock of business capital.  Child 

labor in non-agricultural businesses also increases in households at the middle of the 

wealth distribution.  For a 1000 baht increase in borrowing, children are 3 percentage 

points more likely to work and work an additional 2.4 hours per month.  At the 

average loan size, this translates to nearly 8 additional hours of work per week.  The 

effects on child labor are persistent and sizeable even 12 months after households 

                                                           
1 The exchange rate used is the 43.8 baht per dollar on January 15, 2002 (Oanda.com). 
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borrow.  These results are consistent with specifications of the model where the 

returns to labor in entrepreneurial ventures is higher than the prevailing market wage 

and where the marginal rate of substitution between child leisure and consumption is 

increasing in child labor.  The increases in child labor appear to come predominantly 

from children's leisure as I find no evidence of decreased school attendance or 

increased dropout rates in response to the program. 

While several papers examine the general relationship between borrowing and 

child labor (Wydick (1999), Hazarika and Sarangi (2008), Fuwa, Ito, Kubo, Kurosake, 

Sawada (2009), Islam and Choe (forthcoming)), I show that the effects of credit on 

child labor vary non-monotonically over the wealth distribution, a relationship that 

ultimately stems from the nature of credit constraints and barriers to entrepreneurial 

entry. 

An oft-cited goal of microcredit programs is to improve the lives of the poor 

by financing entrepreneurial ventures among credit constrained households.  Indeed, 

the existing estimates of the return to capital in small enterprises are extremely high, 

ranging from 50% to 360% depending on the context (Banerjee and Duflo (2008), 

deMel, McKenzie and Woodruff (2008), McKenzie and Woodruff (2006, 2008), Udry 

and Anagol (2006)).  However, this paper shows that when credit constraints are only 

partially relaxed, the result is an increase in entrepreneurship for some but not all 

households.  In particular, the limited credit expansions are unlikely to increase 

business investment and entry among the poorest households, who have few resources 

with which to supplement loans.  Thus while increasing credit access may be an 
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effective tool for poverty reduction in theory, extending limited funds may lead to 

positive effects for only a subset of households in practice. 

Lastly, while the increases in child labor in this paper reflect optimal labor 

supply decisions on the part of households, policymakers may have other reasons to be 

concerned about child work.  For example, if parents do not fully internalize the return 

on investing in their children's human capital, the observed increases in child labor 

could be inefficient.  Even though I find that schooling attendance is unaffected by 

household borrowing, it is still possible that increased child labor negatively affects 

children in other ways not captured by schooling attendance alone.  For example, 

children who work have lower final educational attainment, perform worse on exams 

and are more likely marry at younger ages (Beegle, Dehejia and Gatti (2005), Beegle 

et al. (2008), Heady (2003)).  Therefore if policymakers are interested in reducing 

child labor, the results in this paper suggests that they must take caution when 

evaluating the full impacts of policies aimed at reducing a particular market friction in 

settings where other markets are likely to be imperfect. 

The remainder of the paper is organized as follows: the second section presents 

a model of credit constraints, entrepreneurship and decisions over household labor in 

the presence of labor market imperfections. The third section describes the data used 

in estimation and the policy intervention under study.  The fourth section outlines the 

empirical strategy for identifying differential effects of increased borrowing by 

household wealth in the context of endogenous wealth measures and loan takeup.  The 

fifth section presents and discusses the estimation results and various robustness 
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checks and the final section gives a brief summary of the findings and offers a few 

concluding remarks. 

1.2  Credit Constraints, Entrepreneurship and 

Household Labor 

The model in this section makes two general points.  First, I illustrate that in a 

setting with fixed costs of entrepreneurial entry and credit constraints that decline with 

household wealth, there is a threshold of initial wealth that separates entrepreneurs 

from non-entrepreneurs.  In the context of labor market imperfections, these barriers to 

entry lead to an inefficient allocation of entrepreneurs, as some profitable 

entrepreneurial ventures will not be taken up.  The basic setup and intuition is similar 

to existing models of the role of credit constraints in entrepreneurial entry; for 

example, see recent work in the developing country context by Banerjee, Duflo, 

Glennerster and Kinnan (2010).  However, a key difference in this model from 

Banerjee et al. (2010) is the source of heterogeneity across households.  In the model 

in this paper, the heterogeneity is in household wealth, which determines the ability to 

afford the fixed costs of starting up a business. 

On the other hand, the sources of household heterogeneity in Banerjee et al. 

(2010) are time preferences and returns to entrepreneurship.2  The capital market 

imperfections in this paper are modeled in a very similar way to earlier work by Evans 

                                                           
2
 Although the Banerjee et al. (2010) predictions are similar to those in this model, their results require 

that increased credit access lowers the marginal interest rates faced by households.  However, there is 
no evidence that the program I study in this paper has had any effect on interest rates (Kaboski and 
Townsend, forthcoming) and thus their model may be less appropriate for this setting. 



9 

 

and Jovanovic (1989) and Banerjee and Newman (1993).  However, a key difference 

between the model in this paper and those of Banerjee et al. (2010), Evans and 

Jovanovic (1989) and Banerjee and Newman (1993) is the focus on the interaction 

between dual market imperfections in the markets for both credit and labor.  More 

specifically, it explicitly takes into account the role that labor market imperfections 

play in generating the inefficient allocation of entrepreneurial ventures in the presence 

of credit constraints and also pays particular attention to the changes in labor supply 

that arise as a result of an increase in the access to credit. 

Second, I show that the effects of increased credit access on entrepreneurship 

vary by household wealth.  In particular, a limited credit expansion allows new 

entrepreneurs to enter only at the middle of the wealth distribution.  The movement 

into entrepreneurship has complex impacts on household labor supply which depend 

on the extent of the labor market imperfections, the relative return to entrepreneurship 

over wage work and the marginal rate of substitution between leisure and 

consumption.  Therefore, the net effect of increased entrepreneurship on household 

labor supply is theoretically ambiguous. 
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1.2.1 Entrepreneurship and Household Labor 

Supply in the Presence of Borrowing 

Constraints 

Consider a simple two period model in which a household maximizes total 

utility over consumption (C) and leisure (H). 

max����� 		+ 	����, �� 
Time is indexed by superscripts (1,2).3There is no labor market in period 1, so 

leisure enters only period 2 utility. There are two types of households: entrepreneurial 

(indexed by the subscript E) and wage-working households (indexed by the subscript 

W).  Entrepreneurs work for themselves, while wage workers engage in a public sector 

that pays a fixed rate.  Household types face different budget constraints in both 

periods, so I discuss the maximization problem for each type of household in turn.  I 

begin with entrepreneurial households. 

In period 1, entrepreneurial households finance period 1 consumption (���) and 

the fixed cost of starting up a business (��) using exogenously given initial wealth 

(��) and borrowing from the market (��).  Households can also save, in which case 

��<0.  The first period budget constraints for entrepreneurial households is given by 

�1.1�					��� +	�� ≤	�� 	+	�� 

                                                           
3
 As mentioned previously, heterogeneity in time preferences is not modeled here and so for simplicity, 

the discount rate is excluded from the analysis.   
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Notice that although households pay the fixed cost of entry (��) in period 1, 

they do not reap the benefits of business ownership in this initial period.  Therefore 

this fixed cost captures the investment that must be made before any revenue is 

generated.  Even small businesses need some amount of initial capital investment, 

whether in the form of goods to sell, durable assets) or labor hours devoted to planning 

and initiating a new project. 

In period 2, entrepreneurial households use business profits to pay back their 

loans at interest rate r, pay for period 2 consumption (���) and pay a lump sum tax (τ).  

Household labor supply is denoted ���  and is the only input to entrepreneurial 

production.  It is important to note that there is no market for hired labor for 

entrepreneurs.  This “missing market” assumption is used to reflect the most extreme 

case of labor market imperfections.  However, this case might be especially relevant in 

the market (or lack thereof) for child labor; even in developing countries, most child 

work is performed inside the home, suggesting that it is difficult to find wage work for 

children.  Other labor market imperfections may include conventional agency 

problems associated with hired labor (such as shirking or stealing) or lumpiness in 

hiring labor (e.g. the existence of a minimum the number of hours that hired workers 

are willing to work).  These intermediate cases in which hiring labor is possible but 

where there is some wedge between the productivity (or cost) of hired and household 

labor make the model much more complex but yield the same intuition as the extreme 

case presented here.  Thus the period 2 budget constraint for entrepreneurs can be 

written as follows: 
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�1.2�				��� 	+ 	�1 + ���� 	+ � ≤ 	����� � 
Households also face a total time constraint, i.e.T	 = 	H� − L � .  The following 

first order conditions characterize the optimal choices over consumption, borrowing 

and labor supply for entrepreneurial households (at an interior). 

�1.3�				�"����∗	� = 	�"����∗, $ − ���∗	�	�1 + ��		
		�1.4�					�&����∗ ⋅ 	�"����∗, $ − ���∗	� 	= 	�(����∗, $ − ���∗		�		

		�1.5�				���∗ +	�� 	= 	�� 	+	��∗ 			
				�1.6�			���∗ 	+ 	�1 + ����∗ 	+ �	 = 	�����∗�	 

Households trade off consumption between periods according to the standard 

intertemporal Euler equation (1.3).  They choose labor supply such that the marginal 

product of labor is equal to the marginal rate of substitution between leisure and 

consumption (1.4).  Finally, (1.5) and (1.6) are the first and second period budget 

constraints, respectively.   At the optimal choices implied by these conditions, the 

maximized utility of entrepreneurial households is as follows: 

      �1.7�				��	�� 	+ 	��∗ 	− 	�� 	� 	+ 	��	�����∗�� 	− 	�1 + ����∗ 	− �, $ − ���∗� 
The maximization problem for wage-working households is very similar.  In 

the first period households allocate their initial wealth endowment (��) between first 

period consumption (�,� ) and savings/borrowing (�,) but do not have to pay any 

fixed costs for entering wage work in period 2.  Therefore, their first period budget 

constraint is given by 
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�1.8�				�,� ≤	�� 	+ 	�, 

In period 2, wage-working households use labor income to pay back their loans 

at interest rate r, pay for period 2 consumption (C^2_W) and pay a lump-sum tax 

(\tau).  Household labor supply is denoted L^2_W and earns the exogenous wage rate 

w.  The second period budget constraint can be written as 

�1.9�				�,� +	�1 + ���, + � ≤ 	/	�,�  

Additionally, wage-working households face a total time constraint, i.e.T	 =
	H� − L0� .  The following first order conditions characterize the optimal choices over 

consumption, borrowing and labor supply (at an interior) for these households. 

�1.10�				�"��,�∗� = 	�"��,�∗, $ − �,�∗��1 + �� 
		�1.11�						/	�"��,�∗, $ − �,�∗		� 	= 	�(��,�∗, $ − �,�∗� 

		�1.12�						�,�∗ 	= 	�� 	+ 	�,∗ 	
			�1.13�					�,�∗ 	+ 	�1 + ��	�,∗ 	+ �	 = 	/	�,�∗ 

Households trade off consumption between periods according to the 

intertemporal Euler equation (1.10).  They choose labor supply such that the marginal 

rate of substitution between leisure and consumption is equal to the wage rate, w, 

following (1.11).  Finally, (1.12) and (1.13) are the first and second period budget 

constraints for wage workers.   At the optimal choices implied by these conditions, the 

maximized utility of wage-working households is as follows: 
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�1.14�				���� +	�,∗ � 	+ 	��	/	�,�∗ 	−	 �1 + ��	�,∗ 	− �, $ − �,�∗� 
In order to make the model consistent once scaled up, the public sector 

functions by using tax revenue to pay for the public sector wage bill.  Denoting the 

number of entrepreneurs as 2� and the number of wage workers as 2,, the balanced 

budget condition for the public sector is as follows: 

�1.15�				�2� 	+ 	2,��	 = 	/	3 �,,4�∗56
47� 	 

The sum represents the aggregate labor supply of wage workers, and thus w 

∑ �,,4�∗5647� is the total public sector wage bill.  �2� 	+	2,��	represents total tax 

revenue.  (1.15) reflects that the lump sum taxes collected from all households are 

devoted to financing the public sector wage bill.4  Since the tax is lump sum, it does 

not distort household labor supply decisions. 

Now we can use the maximized utility levels of each household type ((1.7) and 

(1.14)) to determine which occupation is more profitable.  Entrepreneurship is more 

profitable if returns to entrepreneurship (net of fixed costs, ��) are higher than those 

for wage work, captured by the following condition: 

�1.16�				���� 	+ 	��∗ 	− 	��� 	+ 	��	�����∗� 	− 	�1 + ����∗ 	− �, $ −	���∗� 	>		
								���� +	�,∗ � 	+ 	��	/	�,�∗ 	− 	�1 + ��	�,∗ 	− �, $ − �,�∗� 

                                                           
4
 As specified here, the public sector is not productive.  Adding in the production of a public good that 

is available to all households does not change the predictions of this model. 
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For simplicity, consider the case where the entrepreneurial production function 

exhibits constant returns to scale, i.e. �&����∗� = : where : is some constant.  In this 

case, when the marginal product of labor in entrepreneurship is higher than the public 

sector wage rate, i.e. : > w, becoming an entrepreneur is profitable as long as the fixed 

cost of entering entrepreneurship is low enough relative to the implicit wage gain 

associated with becoming an entrepreneur.5  This simplifies the profitability condition 

(1.16) to 

�1.17�				���� 	+ 	��∗ 	− 	��� 	+ 	��	:���∗ 	− 	�1 + ����∗ 	− �, $ −	���∗� 	>		
								���� +	�,∗ � 	+ 	��	/	�,�∗ 	− 	�1 + ��	�,∗ 	− �, $ − �,�∗� 

Since there is a higher implicit wage rate associated with entrepreneurial 

activity, it is theoretically ambiguous whether entrepreneurial households work more 

or less than wage-working households.  The labor supply of entrepreneurs relative to 

wage workers depends on the strength of the substitution effect (higher opportunity 

cost of leisure from higher wages) relative to the income effect (higher wages yields 

higher income).  The relative sizes of the effects is determined by the shape of the 

utility function, but there are reasonable functional forms for ����, �� such that 

entrepreneurs work more than wage workers (e.g. Cobb-Douglas preferences).  Thus a 

movement from wage work to entrepreneurship could indicate a rise, fall or no change 

in household labor supply, depending on the form of the utility function. 

                                                           
5
 This implies that the returns and fixed costs associated with entrepreneurship are homogeneous across 

households.  This is a simplification of reality but as discussed in the results section, this assumption 
appears to yield a decent approximation of the wealth threshold associated with entering 
entrepreneurship. 
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In this model, the only dimension of household heterogeneity is the initial 

endowment of wealth, ��.  As long as becoming an entrepreneur is profitable as in 

(1.16), the division between entrepreneurs and wage workers stems only from 

differences in the ability to afford the fixed cost of entering entrepreneurship.  I now 

introduce credit constraints. Borrowing from the market (B) depends on the amount of 

collateral posted by the household (;).6 

�	 = < ⋅ 	;,							< > 0, ; ≤ 	��		
		�1.18� 					⇒ �����>>>>>>>>> = <	��		 

�����>>>>>>>>> is the maximum amount that a household with initial wealth �� can 

borrow from the market.  \theta reflects the positive relationship between wealth and 

borrowing ability and is set exogenously by lenders.7,8  For any given level of initial 

wealth, the borrowing constraint is the same for both entrepreneurial and wage-

working households, so I do not use subscripts here.  Figure 1 shows that in the data 

(described in the next section), actual borrowing amounts are strongly positively 

correlated with initial household wealth. 

                                                           
6 Although a collateral rule is used to motivate the assumption of a positive relationship between wealth 
and borrowing ability, other capital market imperfections would yield such a relationship and are 
consistent with this model.  For example, moral hazard may drive the credit market imperfection as 
found in Paulson, Townsend and Karaivanov (2006) and Karaivanov (2012). 
7 The lending rule here is linear in initial wealth, but this is done only for expositional simplicity.  The 
maximum amount households can borrow need only be increasing in W_0 for the results in this section 
to go through, although more complex functions yield accordingly more complex wealth thresholds.  
Empirically, I allow this relationship to be nonlinear as outlined in the next section. 
8 A possible alternative is that lenders assess borrowing limits by potential returns to entrepreneurial 
projects, which are affected by entrepreneurial ability.  In this case, entrepreneurship is determined by 
ability rather than wealth.  This possibility is discussed further in the results section. 
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Under this borrowing constraint and the assumption on entrepreneurial 

profitability, we can identify entrepreneurs using the following indicator function, 

where 1 indicates that a household is entrepreneurial and 0 indicates that a household 

works for wages: 

�1.19�				?� 	= @0												AB	�� 	< 	 ��1 + <	1												AB	�� ≥	 ��1 + < 		
Households below the threshold of initial wealth are unable to start up a 

business.  Denote this wealth threshold as ��, such that �� = K + θ.  This is 

consistent with the observation that wealthier households are more likely to start up a 

business in the data before any credit expansion (Figure 2) and is supported by 

evidence from earlier empirical work (Holtz-Eakin et al.(1994), Evans and Jovanovic 

(1989), Paulson and Townsend (2004) and Karaivanov (2012)). 

Notice that this allocation of entrepreneurs and wage workers is inefficient.  As 

long as the assumption over relative profitability is satisfied (1.16), there are positive 

returns to entrepreneurship for all households.  However, households below the wealth 

threshold are unable to enter business ownership and thus there are profitable ventures 

that are not being taken up.  In this stylized model, the inefficiency exists because 

credit constraints bind for some households while entrepreneurial returns are positive 

for all households.  With a more general assumption of heterogeneous returns to 

entrepreneurship, there will still be an inefficiency as long as there exist labor market 

imperfections.  In the perfect labor markets case, entrepreneurial talent can be 
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rewarded on the labor market in the form of higher wages.  This allows those who 

would be profitable entrepreneurs but who are credit-constrained to reap the benefits 

of their entrepreneurial ability by working for another household who has the funds to 

afford the fixed cost of entry but lacks the entrepreneurial talent that generates high 

returns to business ownership.  On the other hand, if the labor market is constrained 

then this trading of entrepreneurial talent does not occur and the resulting distribution 

of entrepreneurs is inefficient.  Finally, although this model focuses on entrepreneurial 

entry (and does not include variable business investment), in reality credit constraints 

may also affect investments of existing business owners and result in inefficiently 

small businesses. 

This model also makes clear that the borrowing constraint affects not only the 

ability to become an entrepreneur but also the consumption smoothing capabilities of 

households.  For example, consider extending the model to include a third period in 

which households continue to earn income through entrepreneurship and wage work.  

If households experience a negative income shock in period 2, they may want to 

borrow against period 3 income to finance consumption in period 2.  If households are 

restricted in their borrowing ability, they make work more in period 2 than they would 

in the unrestricted case. 
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1.2.2 Entrepreneurship after a Limited Credit 

Expansion 

Now consider the effect of a credit expansion where new loans are offered in 

addition to the existing market for borrowing.  Households borrow �G"but there is a 

strict limit on borrowing from this source (�G") that satisfies: 

�1.20�				�G" = �G" 

From this point on, I will refer to this new source of borrowing as microcredit, 

although this increase in credit access need not impose the restrictions of conventional 

microcredit programs (for example, I do not assume group liability or targeting of 

loans towards females).  It is important to note that as for market borrowing, there are 

no restrictions on loan use; households may use this credit to finance consumption or 

investment.  The key assumption in (1.20) is that the microcredit borrowing limit is 

the same for all households and is not a function of initial wealth.  This relationship is 

confirmed in the data, where borrowing from the microcredit source is much more 

equitable across the wealth distribution than borrowing than from other sources 

(Figure 1 and Table 1).9 

                                                           
9
 Another way in which microcredit could expand credit access is by lowering interest rates.  However, 

the key assumption here is that borrowing from this source is limited and therefore unlikely to fulfill 
total demand for credit.  If this is the case, then the marginal interest rates faced by households are 
unchanged even if the rate on microcredit loans is lower than on loans from other sources and the lower 
interest rates do not affect marginal entrepreneurial decisions.  As households appear to borrow the 
maximum amount allowed by the new credit program while continuing to borrow from other sources, it 
does not appear that the new source of credit was large enough to satisfy total demand for credit.  
Furthermore as discussed in footnote 3, there is no evidence that the program studied in this paper 
affected market interest rates. 
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This limited credit expansion leads to the following changes in the ability to 

afford business ownership, where again the following indicator function takes the 

value of 1 for entrepreneurial households and 0 for wage-working households. 

�1.21�				?′� 	= IJK
JL0												AB	�� 	< 	�� − �G"1 + < 	
1												AB	�� ≥	�� − �G"1 + <

		
 (1.21) implies a new, lower threshold for initial wealth for households to 

become entrepreneurs.  Denoting this threshold as �� such that 	�� =	MNOPQR�ST , 

households can now be categorized into three distinct groups by initial wealth.  Poor 

households (�� < ��) never become entrepreneurs, even after the credit expansion 

because they are still too poor to afford the fixed cost of starting a business.  Middle 

wealth households (�� ≤ �� < ��) are “new” entrepreneurs that emerge after the 

credit expansion.  Unconstrained wealthy households are “always entrepreneurs” 

whose ability to afford the fixed cost of entering business ownership is unaffected by 

the increase in credit availability. 

In sum, if we start in an equilibrium where poorer households are credit 

constrained and then expand credit access by introducing equal opportunity, low-cap 

loans, the effect of the expansion on entrepreneurship will be to increase 

entrepreneurial entry and investment only in the middle of the wealth distribution.10  

                                                           
10

 There is no uncertainty in this model.  An alternative mechanism is that in the presence of 

uncertainty, the increase in the availability of loans may change the risk-coping strategies of 
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The additional borrowing source also increases households' ability to smooth 

consumption and may increase other types of investment with lower or no fixed costs 

such as consumption durables and schooling. 

On the other hand, the investment and consumption smoothing choices of 

wealthy (unconstrained) households are unaffected by the increase in credit access.  

This is because they are able to borrow and invest optimally even in the absence of the 

credit expansion.  However, it may be reasonable to assume that the new source of 

credit is low-cost relative to other sources, i.e. �G" < �.  This is often a feature of 

government-financed credit expansions and microcredit programs alike.  If this is the 

case, high wealth households may profit by substituting away from high-cost existing 

debt to low-cost microcredit.11  As long as the increase in credit availability introduced 

by the expansion is not enough to satisfy wealthy households' total demand for 

borrowing, the marginal interest rate that they face is still the high market rate (r) and 

total borrowing behavior is unchanged.  This arbitrage opportunity increases income 

for high wealth households if they use the new low cost loans to substitute away from 

existing high cost debt. 

 

                                                                                                                                                                       

households.  In this case, we might expect that households may be induced into risky business ventures 
when more credit is available because it offers a safety net in case the business fails.  However, this 
would suggest that the mere availability of credit rather than actual borrowing increases business 
ownership.  Thus we would expect to find effects on entrepreneurship for non-borrowers as well, but I 
find no evidence of changes in entrepreneurial activity among this group.  Moreover, it is not clear how 
an improvement in risk-coping ability would yield the same non-monotonic effects of increased 
borrowing over the wealth distribution as is implied by this model of fixed costs and credit constraints. 
11

 This possibility for arbitrage opportunities was first put forth by Banerjee and Duflo (2008). 
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1.3  Data and Descriptive Statistics 

1.3.1 The Townsend Thai Project 

This paper uses a large household panel survey of Thai villages, the Townsend 

Thai Project.  The regression sample is a monthly panel of 426 households (612 

children, ages 10-14) in 16 villages in the Northeast and Central regions of Thailand, 

from 1999-2005.12 The villages are spread across four districts of Thailand, which 

vary in terms of environmental factors and main economic activities.  However, 

villages within a district are relatively similar. 

Appendix Table 1 displays the summary statistics for the key variables of 

interest.  Nearly 50 percent of children work at some point during the sample period.  

Working children put in approximately 63 hours of labor per month, or about 14.5 

hours per week.  Children spend the most time working in household production, 

where the mean (conditional on working) is 47 hours per month.  I observe only the 

number of days (rather than hours per day) a child spends performing domestic chores 

such as preparing meals and caring for other household members.  The average child 

spends 14 days per month in domestic chores.  School attendance is fairly high with 

96 percent of children attending school at an average of 18 days in spent in school per 

month when school is in session.13  Dropping out of school is quite rare, occurring in 

less than one percent of the sample.  Attrition is very low in the sample; 6% of the 

                                                           
12

 The sample is unbalanced due to the age restriction, new children moving into the household and a 

very small amount of attrition (discussed in this section). 
13

 The high reported attendance rate is likely due to compulsory schooling laws that apply to children 

ages 6 to 12, which could reflect high rates of actual attendance or simply a higher likelihood of 
misreporting.  This is discussed further in the next section. 
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households end up leaving the sample permanently over the 7-year period.  Attrition 

was largely due to migration. 

As calculated in Samphantharak and Townsend (2010), I use net household 

wealth held in the first month a household appears in the survey to capture initial 

wealth before any credit expansion.  This measure includes the stock of assets owned 

by the household (including land) as well as cash and savings and subtracts all 

liabilities.14  Figures 1 and 2 show that both (pre-program) market borrowing and 

business ownership are highly positively correlated with wealth. 

1.3.2 Characterizing Initial Wealth Thresholds 

The model in the previous section implies two relevant wealth thresholds for 

analyzing the impact of an increase in credit access: �� = K + θ and 	�� =	MNOPQR�ST .  

However, in practice K 	is not well measured and θ and �G" are not directly 

observed.  I use the average reported cost of opening a business by households in the 

pre-credit expansion period as the measure of K .  This measure is only reported for 

the small set of households who opened a business during the period between the first 

month of the sample and before the credit injection; it is not asked retrospectively for 

existing businesses.  I attempt to back out \theta by taking the average amount 

borrowed from the market by households in each wealth decile individually in the pre-

credit expansion period.  Unlike in the theoretical framework of the previous section, 

                                                           
14

 See Samphantharak and Townsend (2010) for additional information about the construction of the 

initial wealth measure, including details concerning depreciation. 
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this allows θ to vary along the wealth distribution, i.e. I allow the relationship between 

initial household wealth and borrowing ability to be nonlinear across wealth deciles. 

Figure 3 plots median “available liquid funds” against the average reported 

cost of opening a business by initial household wealth decile.  Available liquid funds 

are defined as the sum of current cash on hand, deposits at banks and the average 

market loan amount by wealth decile using only the pre-credit expansion data.15  Note 

that this measure includes my estimate of θ. Given these pre-expansion funds, the 

median households in deciles 1-6 are not able to finance the average fixed cost of 

starting up a business (77,000 baht or approximately US$1600) and are shut out of 

entrepreneurship. 

I use the average borrowing from the new credit source (across all wealth 

deciles) in the post-expansion sample as a proxy for �G".  I then add this amount to 

the pre-expansion available funds to get an estimate of post-expansion available 

funds.16  I use the mean borrowing amount across the entire (post-program) sample to 

reduce the endogeneity arising from actual borrowing amounts being correlated with 

unobserved household characteristics.  In practice, the size of new loans generated by 

the credit expansion are fairly equitable across the wealth distribution (see Figure 1 

and Table 1, Panel B).  The increase in available funds has the largest impact on 

deciles 4-6; with the additional funds, the median household in these deciles is almost 

able to afford the fixed cost of starting a business.  This stands in contrast to deciles 1-

                                                           
15

 Other assets are not included in this measure, as no household reports selling fixed assets (such as 

land and livestock) to finance business start-ups. 
16

 This measure does not allow savings, cash or loans for other sources to be affected by the credit 

expansion. 
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3, whose post-expansion liquid funds are still far below the fixed cost.  Therefore, I 

categorize households in deciles 1-3 as low wealth (never entrepreneurs), households 

in deciles 4-6 as middle wealth (new entrepreneurs) and deciles 7-10 as high wealth 

(old entrepreneurs).  In the subsequent analysis, I use these wealth groups for 

statistical power, although the qualitative results are robust to different definitions of 

wealth groups and estimation by individual wealth deciles (see Table 3).17 

Panel A of Table 1 displays the pre-expansion summary statistics for credit for 

these wealth groups.  Low wealth households are significantly more likely to report 

being credit constrained, defined as ever having been rejected by a lender or having 

been forced to take a loan for an amount less than requested.  Note that this measure of 

credit constraints excludes both discouraged borrowers and those who are credit 

constrained through informal channels.  While this measure of credit constraints is 

imperfect, it lends suggestive evidence that credit constraints decrease with household 

wealth.  Both low and middle wealth households are generally less likely to take out a 

loan than high wealth households.  Conditional on borrowing, the size of loans 

increases with household wealth across all types of borrowing. Yearly interest rates 

are very high for all groups but generally higher for lower wealth groups.  Default 

(defined as being at least 90 days past due) is high across all sources of credit, ranging 

from 8-39%.  The general takeaway from Table 1 Panel A is that across all definitions, 

credit access is increasing in household wealth. 

                                                           
17

 Table 3 gives some evidence that low and high wealth households exit business ownership in 

response to the increase in borrowing.  These are discussed in more detail in the next section. 
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1.3.3 Thailand Village and Urban Revolving Fund 

In 2001, the Thai government launched the Thailand Village and Urban 

Revolving Fund (VF), also referred to as the Million Baht Program.  The VF is a 

large-scale, publicly-funded microfinance initiative that injected one million baht 

(about US$24,000) into each of 74,000 villages and 4,500 urban communities across 

Thailand, regardless of village population.  The total initial outlay of the program was 

US$1.8 billion (about 1.5% of Thai GDP in 2001) and was funded entirely by the 

central government.  The program was introduced as a “surprise” policy initiative, 

shortly following the dissolution of the Thai Parliament in November 2000 and the 

election of Prime Minister Thaksin Shinawatra in January 2001.  The disbursement of 

funds to villages was carried out between mid-2001 and mid-2002. 

The primary purpose of the VF initiative was to create permanent, self-

sustaining village lending institutions, although the program also included the 

provision of savings services.  Village committees were elected democratically to 

review applications and allocate funds. There is no evidence that the initial transfer 

was seen as one-off, as committees lent most of the initial funds in the first year and 

continued to lend at the same rate or higher in subsequent years.  Late payment 

penalties were imposed and in the event of default, no future loans were to be given.  

As a consequence, the default rate on Village Fund loans is very low (ranging from 

2.3-5.3%), especially relative to other sources of borrowing (Table 1, Panel B).  

Finally, one aim of the VF was to increase credit access among those with previously 
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limited borrowing capabilities.  As a consequence, credit was typically extended to all 

who applied without collateral requirements (although with guarantors).18 

Over 70 percent of all sample households borrow from the Village Fund at 

some point after the initial injection of funds, but low wealth households are still less 

likely to borrow from the Village Fund (Table 1, Panel B).  Conditional on borrowing, 

the average loan size ranges from 12-15 thousand baht (US$250-315).  For low and 

middle wealth households, these loans are very large relative to other sources of 

borrowing (50-200% larger on average than other types of loans) but for high wealth 

households, this represents a much smaller increase in borrowing; for this group, 

Village Fund loans are only about 40% of the size of loans from other sources.  

Although there are small differences in borrowing amounts across wealth groups, 

almost all households borrow at or near the official borrowing limit posed by village 

councils and most continue to borrow from other sources as well, even after the 

Village Fund was introduced.  This suggests that the small VF loans are not enough to 

satisfy total borrowing demand for even households in the lowest wealth group.  The 

interest rate on Village Fund loans is very low relative to other types of borrowing; on 

average interest rates are 45-62 percentage points lower for VF loans versus other 

loans (depending on wealth group).  However, given that these loans did not appear to 

fully satisfy household demand for borrowing, it is unlikely that these low interest 

rates represent the marginal cost of borrowing for any household.  Overall, this credit 

                                                           
18

 See Kaboski and Townsend (forthcoming) for further information about the credit injection. 
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expansion can be seen as a sizeable increase in credit access for all but the highest 

wealth group. 

1.4  Empirical Strategy  

1.4.1 Baseline Estimating Equation 

Translating the implications from Section 2 into estimating equations is fairly 

straightforward.  The baseline regression for effects of credit constraints can be 

characterized as 

�1.22�				UVW =	XYZ 	[�VW 	+ 	X&\]	�[�VW × �_/�`abcℎV�	
																																																									+	XGVeefg	�[�VW ×hAiib`�`abcℎV� 	+ XjklVW 	+	mVW	 

where UVW is the outcome of interest for household (or child) i in village j in 

month t, usually business ownership or child labor;  [�VW is the amount household i 

borrows from the Village Fund measured in thousands of baht19; �_/�`abcℎVand 

hAiib`�`abcℎV are dummy variables that take the value of 1 when household i is a 

low wealth or middle wealth household, respectively; lVW is a vector of child- and 

household-specific time-varying characteristics such as age and education of the 

household head (all covariates are listed below each table); and mVWcaptures the 

unobserved household-level determinants of entrepreneurship and child labor supply. 

The effect of increased borrowing through the Village Fund on children of the 

wealthiest households is XYZ.  The additional impacts of borrowing on children in low 

                                                           
19

 VF_it measure the flow of a new loan taken in period t, not the stock of outstanding VF loans. 
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and middle wealth households are given by X&\] and XGVeefg.  Therefore, the “total” 

marginal effect of VF loans for a low wealth household is given by XYZ +	X&\] and 

similarly by XYZ +	XGVeefg for middle wealth households.  When considering the 

impacts of credit access on entrepreneurship,	XYZ +	XGVeefg	is expected to be positive 

if households use the loans to pay fixed costs of entering or expanding businesses.  

When considering measures of household labor, the sign of XYZ +	XGVeefg	is 

theoretically ambiguous. 

The principal concern in estimating equation (baseline) is that Village Fund 

borrowing ([�VW) may be endogenous, i.e. E[mVW	[�VW] ≠ 	0, EpmVW�[�VW ×hAiib`�`abcℎV 	�q ≠ 	0 and/or EpmVW�[�VW × �_/�`abcℎV 	�q ≠ 	0.  For example, 

some households may have more entrepreneurial talent than others, making them more 

likely to open a business (or make their children work for them) and more likely to 

take out a loan.  If this is the case, then the estimates of XYZ.,	X&\] and XGVeefg will 

likely be upwardly biased as they will capture underlying differences between 

borrowing and non-borrowing rather than the effect of borrowing itself.  On the other 

hand, if there is an unobserved negative labor demand shock for all households, 

households may be both more likely to take out a loan to finance consumption and less 

likely to make their children work (as there are fewer opportunities for work). 

In this case, the coefficients on the loan variables may be downwardly biased.  

Thus if there are confounding factors captured in mVW, the estimates in (baseline) are 

likely to be biased and the direction of the bias is unclear. 
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1.4.2 Household and Time Fixed Effects 

The first strategy I use to account for unobserved heterogeneity is to include 

fixed effects at both the month and household level (or child level in regressions for 

child labor).  I parse out the time-invariant and household-invariant parts of the error 

term in (baseline) as follows 

�1.23�				mVW 	= :V 		+ rW 	+ sVW 
where rW represents the month fixed effects and :V represents the household (or 

child) fixed effects. Controlling for these sources of unobserved heterogeneity, the 

estimating equation with fixed effects becomes 

�1.24�				UVW =	XYZ 	[�VW 	+ 	X&\]	�[�VW × �_/�`abcℎV�	
																																							+	XGVeefg	�[�VW ×hAiib`�`abcℎV� 	+ XjklVW 	+ 	:V 		+ rW 	+ sVW	 

The inclusion of rW captures any unobserved seasonal or period-specific shocks 

that affect all households equally, such as shocks to labor demand as in the example 

above as well as other factors such as aggregate trends in child labor. 

With the inclusion of :V  the variation in [�VW comes from changes in Village 

Fund borrowing over time within a household rather than across households.  This is 

to ensure that unobserved child and household characteristics that remain fixed over 

time (such as entrepreneurial talent as in the example above) do not confound the 

estimated impact of relaxing credit constraints.  Note that as the initial wealth of a 
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household is a fixed measure over time, the direct effect of initial wealth is subsumed 

in :V. 
1.4.3 IV Implementation 

However, there may still be unobserved factors in the household- and time-

varying error term (sVW) that are not accounted for in the fixed effects strategy.  For 

example, if households forecast an increase in household production in the future, this 

forecast may increase both borrowing demand and child labor supply.  If this is the 

case, then the estimates of XYZ.,	X&\] and XGVeefg  will be upwardly biased even when 

including fixed effects as in (1.24). 

To address this remaining endogeneity issue, I employ an instrumental 

variables approach that exploits two sources of variation in loan access introduced by 

the VF program.  First, the VF credit expansion was rolled out rapidly as a surprise 

policy initiative.  Furthermore, the order in which villages received funds was random 

and thus exogenous to individual business investment and labor decisions.  The child 

fixed effect,		:V, subsumes any level differences between early and late receivers, 

including differences in village structure, distance to urban centers, etc.  Thus the 

exogeneity of the instrument is only threatened by differential trends.  Panel A of 

Table 2 shows that leading up to the VF injection date, villages that received funds 

early in the year showed no differential trends from those that received the funds later, 

along the dimensions of child labor and business ownership. 
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Second, the per-capita amount of funds available varies exogenously from 

village to village because each village was given the same amount (one million baht) 

regardless of population.  Thus the second layer of variation in the instrument comes 

from village population at the time of the injection, which ranges from 118 to 646 in 

the villages under study.  In Panel B of Table 3 we see that while there are level 

differences between the proportion of business owners in large and small villages, the 

trends in both business ownership and child labor are statistically indistinguishable for 

large and small villages in the pre-program period.  Kaboski and Townsend 

(forthcoming) show that village size is not spatially or geographically correlated (e.g. 

with respect to rivers, mountains, etc); moreover, the relationship between village size 

and lending becomes strongly significant only after the VF was in place and not in 

pre-VF years.  Finally the measure of population I use comes from the 1997 village 

census (4 years before Prime Minister Shinawatra was elected) and  is unlikely to be 

manipulated in anticipation of the VF policy.20  

To construct the instruments, I begin by creating a dummy variable that takes 

the value of 1 if household i resides in a village j that has received VF funds at time t.  

I then create another variable that measures the intensity of the injection using 

1/[village \ population \ in 1997].  I then interact the two to create the base  

tuW = v`w`Am`i�xyizuW × 1{_|xbacA_y	_B	mAbba}`	~	Ay	1997 

                                                           
20 As a robustness check, I include village-specific yearly linear time trends in the specification below 
(IV) to control for any unobserved differences in trends between villages.  The inclusion of village-
specific trends does not change the results (Appendix Table 4, discussed in greater detail in the next 
section). 
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where 

�1.25�				v`w`Am`i�xyizuW = �1					AB	mAbba}`	~	ℎaz	�`w`Am`i	Bxyiz	Ay	�_ycℎ	c0																																																																				_cℎ`�/Az`	 
The remainder of the strategy follows a traditional two-stage approach.  In the 

first stage, I predict the three endogenous loan variables 

([�VW, [�VW × �_/�`abcℎV , [�VW ×hAiib`�`abcℎV) using the three instruments 

(tVW , tVW × �_/�`abcℎV , tVW ×hAiib`�`abcℎV) and all other exogenous covariates.21  

The second stage estimation then repeats (baseline), but with the exogenous predicted 

values in place of the three endogenous values.22  

�1.26�				UVW =	XYZ 	[��VW 	+	X&\]	�[��W × �_/�`abcℎ�� �	
																																							+	XGVeefg	�[��W ×h�iib`�`abcℎ�� �	+ XjklVW 	+ 	:V 		+ rW 	+ sVW	 

where the “hatted” variables are predicted values from the first stage.  Again, 

in all specifications of (IV), I also include month fixed effects to capture the short-

term, long-term and seasonal trends common to all households. 

Standard errors are clustered at the village level (the level of the credit 

expansion) to allow for general correlations of shocks between children and 

households within the same village and over time. 

                                                           
21

 This approach follows Wooldridge (2003) by treating the loan and each interaction term as 

endogenous, rather than treating only the loan term as endogenous. 
22

 Since some measures of business activity and child work are binary variables, one might prefer using 

probit or logit analysis rather than a linear probability model.  Similarly, since labor supply is bounded 
below by zero, a Tobit estimator may be more appropriate.  However, fixed effects and IV estimation 
cannot be simultaneously implemented using these nonlinear estimators and since both are critical in 
ensuring the exogeneity of loan takeup, I continue to use the linear form in (IV), although work is 
progressing in this direction (Chesher et al. (2011)). 
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1.5  Results 

Table 3 displays the results of estimating (IV) with the full set of interactions 

of loan takeup and dummy variables for each wealth decile.  The pattern of results are 

consistent with the method of categorizing wealth groups according to the fixed costs 

of opening a business and available liquid funds discussed in Section 3.  The positive 

effects on increased credit access are limited to households in deciles 4-6 and some 

appear quite large; a 1000 baht increase in loans leads to a 0.1 - 5.6 percentage point 

increase in the likelihood of entering business ownership, though the point estimates 

are not significant.  At the bottom and top of the wealth distribution, the effect of the 

loans is generally negative, the former of which is not significant.  Thus in the 

remainder of the results, I group together deciles 1-3, 4-6 and 7-10 for greater 

statistical power and defer a more detailed discussion of the effects of credit access on 

entrepreneurship for each wealth group to subsequent subsections. 

 

1.5.1 Reduced Form Results 

Table 4 displays the results of regressing measures of business ownership and 

child labor directly on the instruments and can therefore be thought of as estimating 

the intent-to-treat effect of the credit expansion.  While the coefficients may seem 

large, once we take into account the scaling of the instrument and its cumulative 

nature, the effects are quite reasonable.  In particular, these effects reflect the overall 

impact of the credit expansion (rather than a specific amount of borrowing on the 

margin). Additionally, the value of the instrument is the inverse of village population 
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and thus very small on average (0.003).  Therefore we can interpret the average total 

effect of the credit expansion as increasing the likelihood of business ownership by 

(12.9)(0.003)= 3.87 percentage points for households at the middle of the wealth 

distribution (significant at the 1% level).  Similarly, the expansion increases the 

probability that a child works by 3.15 percentage points and work hours spent in 

household businesses by 2.5 hours per month on average for children from middle 

wealth households (significant at the 1% level).  There is some evidence that the 

program reduces entrepreneurship at the bottom end of the wealth distribution by 

nearly 4 percentage points, although this is only significant at the 10% level. 

 

1.5.2 First Stage Results  

Before turning to the main IV results, Table 5 displays the results of the first 

stage estimation of (IV), which exploits the exogenous variation in the timing and 

intensity of the Village Fund financing.  The Shea partial R-squared values satisfy the 

Murray (2006) “rule of thumb” and the Angrist-Pischke F-statistics for joint tests of 

significance exceed the Stock and Yogo (2005) critical values.  The Kleibergen-Paap 

LM p-values and Kleibergen-Paap Wald F statistics also do not indicate any concerns 

related to under- or weak identification.  This holds for both the household and child 

level regressions.  As the system is exactly identified, I cannot perform any tests of 

validity.  However, robustness checks are discussed later in this section. 
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1.5.3 Effects of Village Fund Loans on 

Entrepreneurship  

Panel A of Table 6 displays the second stage results of IV estimating equation 

(IV) when the outcomes of interest are measures of business activity.  For households 

in the middle of the wealth distribution, a 1000 baht (approximately US$\23) increase 

in Village Fund borrowing leads to a 1.7 percentage point increase in the likelihood of 

starting a business (10% over the pre-program mean).  Village Fund loans also 

increase the stock of business capital (this could include, for example, a vehicle for 

transporting goods the local market or kitchen equipment for a restaurant); a 1000 baht 

increases the value of business capital by about 1,500 baht (18% over the pre-program 

mean).  These results are large and statistically significant at conventional levels.  

However, the loans do not translate into significant increases in any other type of 

business inputs; the flows of non-labor inputs (such as goods purchased for resale) and 

hired labor actually fall in response to loans (although not significantly).  Village Fund 

borrowing also seems to increase business revenue and profits but these effects are not 

statistically significant. 

There is some evidence low wealth and high households decrease business 

activity in response to increased borrowing.  However, these effects are significant 

only for business ownership for the poor and purchases of non-labor inputs for the 

rich.  Among poor households, this might be due to movement out of low-return self-

employment used for supplemental income during adverse income shocks or lulls 
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between harvest seasons when agricultural income is received.  Consistent with this 

notion, while business ownership and investments drop, profits actually increase (the 

effect sizes are large relative to the pre-program mean but are not significant).   This 

may suggest that the remaining businesses are the more profitable ones.  Columns 1 

and 2 of Appendix Table 3 report the results of the IV estimation (IV) when the 

outcome of interest is the standard deviation of future consumption (6 and 12 months 

ahead).  While the total marginal effect of the loans is not significant, the pattern and 

magnitude of the effects are compatible with the hypothesis that the negative effect on 

self-employment for low wealth households is due to improved ability to smooth 

consumption.  However lacking exogenous variation in negative income shocks, I am 

unable to further investigate that hypothesis here. 

Table 7 displays the effects of Village Fund loans on agricultural household 

production (crop cultivation, livestock activities, fish and shrimp farming).  There are 

no systematic effects of the loans on agricultural production for middle wealth 

households, suggesting that the loans are being used for non-agricultural businesses 

instead.  The lack of significant effects on agricultural activities may be explained in 

part by the high incidence of agricultural production (over 85%) even before the credit 

expansion took place.  The only significant effects on investments in agricultural 

production are for low wealth households, who decrease purchases of non-labor inputs 

(such as seeds, fertilizer and pesticides).  However, agricultural revenue and profits in 

these households rises (Panel A, columns 7 and 8); a 1000 baht increase in loans 

increases agricultural profits by 1,434 baht for low-wealth households. 
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Finally in Table 8, I investigate the effects of increased credit access on the 

composition of household activities.  Middle wealth households are significantly more 

likely to engage in non-agricultural activities and significantly less likely to only 

operate farms.  Taken together, it appears that Village Fund borrowing encourages 

households at the middle of the wealth distribution to diversify their income streams 

by investing in non-agricultural businesses.  The opposite holds for households in the 

extremes of the wealth distribution, who are less likely to own a business and more 

likely to engage only in agricultural production.  Overall, the results presented in 

Tables 6-8 suggest that the net impact of increased credit access is to reallocate 

business ownership and agricultural activity among the various wealth groups rather 

than to encourage overall increases in entrepreneurship.  However, this reallocation 

seems to result in more profitable businesses, although the positive impact on profits is 

not significant for non-agricultural businesses and only significant for agricultural 

operations of low-wealth households. 

 

1.5.4 Effects of Village Fund Loans on Household 

Labor  

Surprisingly, there are few effects of the Village Fund loans on adult labor 

supply (Table 9).  For middle wealth households, the patterns are consistent with a 

shift out of wage work and into work inside the home (both agricultural and non-

agricultural) but these effects are not significant. The only significant effect is for low 
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wealth households, who decrease hours worked in agriculture in response to 

borrowing from the Village Fund.  This could be because the market for adult labor is 

well-functioning, yet there is no increase in hired labor in middle-wealth households.  

Alternatively, adults could be already pushing up against their time constraints, 

although the sample means do not indicate that this is the case (total average adult 

work hours across all activities observed in the data is 37.4 hours per week). 

Table 10 shows that this is not the case for the labor supply of children. 

Children in middle wealth households experience significant increases in the the 

likelihood and intensity of work in non-agricultural businesses when their families 

borrow from the Village Fund.  A 1000 baht loan increase in borrowing leads to a 3 

percentage point increase in the likelihood of child work (column 1).  While the 2.4 

hour per month increase on the intensive margin of child labor may seem small at first 

(column 2), the effect is large relative to the pre-program mean; a 1000 baht increases 

work hours by nearly 150%.  Moreover, the average loan size for middle wealth 

households is 14,200 baht.  Thus the effect at the average loan size is over 34 hours 

per month, or about 8 hours per week.  However, it is important to note that the 

increase in hours worked is almost all due to the increase in child labor on the 

extensive margin in that it comes from entry into child labor rather than increases in 

hours worked by children who were working before the credit expansion.  Appendix 

Table 2 demonstrates that the impact of borrowing on child labor in businesses is 

persistent; children work more even a full year after their households borrow from the 

Village Fund.  Children in middle wealth households are also more likely to spend 
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time performing domestic chores when their families borrow from the Village Fund.  

A 1000 baht increase in borrowing raises the propensity to perform household duties 

by nearly 5 percentage points, although the effect on the number of days spent on 

chores is insignificant.  This may be due to the increased need for children to take on 

the household responsibilities (such as cooking, cleaning and caring for other family 

members) when adults spend more time working in their businesses, although as 

discussed before, the increase in adult labor supply is not significant. 

Child labor generally declines for households at the top and bottom of the 

wealth distribution; low and high wealth children work fewer hours in agriculture and 

children of wealthy households also reduce labor outside of the home.  The only 

exception is that the likelihood that a child spends time performing domestic chores 

increases with borrowing from the Village Fund.  For low-wealth households, the 

reduction in work hours is consistent with the consumption-smoothing benefits of the 

loans; earlier work has shown that the supply of child labor can be used to buffer 

households against negative income shocks (Jacoby and Skoufias (1997), Beegle, 

Dehejia and Gatti (2006)).  Thus the increased availability of loans may reduce the 

need for low-wealth households to draw from their children's labor supply. Again the 

evidence presented in Appendix Table 3 (columns 1 and 2) lends suggestive but not 

statistically significant evidence in support of this hypothesis.  Yet lacking any 



41 

 

exogenous shock to income streams I am unable to confirm that this is the causal 

mechanism behind this decrease.23 

At the top of the wealth distribution, the decreases in labor supply could be due 

to the income effect generated by substituting away from high cost market debt to low 

cost Village Fund debt.  Appendix Table 3 (columns 3 and 4) shows that high wealth 

households are significantly more likely to make voluntary payments (i.e. over and 

beyond the scheduled payments) on existing debt from other sources.  Recall from 

Table 1 that interest rates on Village Fund loans are over 50 percentage points lower 

than the average for other sources of loans for high wealth households.  The average 

high wealth household borrows 14,600 from the Village Fund; if all of this were used 

to substitute for high cost debt the interest payment savings would be 7,300 baht on 

average, or 80% of average monthly net income for high wealth households.  However 

the caveat in interpreting these results is that the sample includes only households who 

have existing market loans.  As argued in the theoretical model, households who are 

able to borrow from the market are markedly different from those who cannot.  Thus 

the estimates in Appendix Table 3 are only valid for the sample of market borrowers 

and must therefore be interpreted with caution. 

Taken all together, the results are consistent with imperfections in the market 

for child labor but not for adult labor.  This could be because child labor is not easily 

hired out (only 7.5% of children ever work outside the home for wages).  It may also 

                                                           
23

 The decrease in child labor for low-wealth households in agricultural activities is also consistent with 

the observed decrease in agricultural inputs purchased by the household, as labor and productive inputs 
to production appear to be complementary. 
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reflect the notion that hired labor is lumpy; it may not be possible to find outside labor 

willing to work for 8 hours of work per week (the increase in child labor at the middle 

of the wealth distribution).  The bottom 5th percentile of the distribution of hired labor 

for businesses is less than 12.5 hours of hired labor per week, whereas the bottom 5th 

percentile of the distribution of household labor for businesses is 5.5 hours per week 

or less.  Finally, traditional issues with hired labor such as shirking and stealing may 

create a preference for child labor over hired labor.24 

1.5.5 Effects of Village Fund Loans on Schooling  

Are there corresponding movements in schooling?  Panel A of Table 11 

display the results of estimating (IV) when the outcome considered is whether a child 

attends school, how many days a child attends school and whether a child drops out of 

school.  VF loans have no systematic impact on schooling outcomes for any wealth 

group.  This could be due in part to the fact that there is very little margin for 

schooling to increase; most children are already attending school (over 96 percent of 

the sample in any given school month) and attend frequently (16 days per month).  

Furthermore, it is possible that schooling data are overreported because of the laws 

surrounding compulsory schooling.25  Overall, the results indicate that human capital 

accumulation is neither benefitted nor sacrificed in response to loans.  In combination 

                                                           
24

 The previous literature has established that shocks and credit constraints often affect boys and girls 

very differently (Edmonds (2006), Hazarika and Sarangi (2006)).  When I allow for heterogeneity in the 
effects of loans by gender, I find that girls' labor supply is much more elastic with respect to household 
borrowing than boys' labor.  These results are discussed in further detail in a companion paper. 
25

 Therefore, these schooling results may not extend to other countries where it is easier to pull children 

out of school in order to work; in these countries, both the labor and schooling impacts may be 
magnified.  Indeed, Fuwa, Ito, Kubo, Kurosake, Sawada (2009) and Islam and Choe (forthcoming) find 
that schooling attendance and enrollment falls when a household borrows from a microcredit program 
in India and Bangladesh, respectively. 
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with the results in Table 10, these findings suggest that labor changes may be instead 

adding to or taking from leisure.  Even if schooling attendance is truthfully reported, it 

is still possible that increased child labor negatively affects children in other ways not 

captured by schooling attendance alone.  For example, children who work have lower 

final educational attainment, perform worse on exams and are more likely marry at 

younger ages (Beegle, Dehejia and Gatti (2005), Beegle et al. (2008), Heady (2003)). 

 

1.5.6 Robustness Checks  

Village Specific Time Trends  

As discussed in the previous section, one threat to the validity of the 

instrument is the potential for pre-expansion trends that are systematically different in 

villages that receive funds relatively early or where the per-capita injection is 

relatively large (i.e. small villages).  Table 2 illustrated that small and large villages 

and villages that received their funds early and late displayed similar trends in the 

main outcomes of interest in the years leading up to the introduction of the Village 

Fund.  However, these groupings into large versus small and early versus late 

receivers may not fully capture unobserved differences in trends across villages.  Thus 

as a robustness check, I re-run the specifications in (IV) including village-specific 

linear time trends (monthly and yearly).  Appendix Table 4 shows that the main results 

are robust to the inclusion of village-specific time trends at both levels; significance 

levels and magnitudes of effects change very little from one specification to another.  

The one exception is when I examine the effects of VF loans on business ownership 
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and include village-specific year trends; the effect is no longer significant at 

conventional levels although it is marginally significant (p-value = 0.166) and the 

magnitude of the effect is similar to the main specification.  Therefore it does not 

appear that the results are being driven solely by differential trends in the pre-Village 

Fund period. 

General Equilibrium Effects of VF Injections 

If the introduction of the Village Fund Program was large enough to change 

relative prices within villages, such general equilibrium or spillover effects of the 

credit expansion would complicate the interpretation of the results in this section.  

This is because the effect of individual borrowing would be confounded with 

responses to changes in these relative prices.  To test for general equilibrium effects, I 

regress adult wages for work outside the household on the village injection instrument 

(using both the population-weighted instrument and the one that relies solely on 

differences in timing), conditioning on individual characteristics such as age, 

experience and education as well as household-level variables and an individual fixed 

effect.  Columns 1 and 2 of Appendix Table 5 displays the results.  Neither the village 

injection status nor the interaction between the injection status and the inverse initial 

village population has a significant impact on wages.26  Similarly, to test for 

                                                           
26

 Kaboski and Townsend (forthcoming) find some evidence that individual wages rise in response to 

his or her households's stock of short-term credit from the VF lagged 12 months.  I believe that the 
difference in results can be explained by differences in methodology and sample.  First, I estimate the 
impact of the village-level intervention rather than of individual borrowing.  There are reasons to 
believe wage income may increase as a result of individual borrowing (e.g. using the loan to make 
individual human capital investments) but that the village-level injection did not change aggregate 
wages.  Second, the results reported in Appendix Table 5 are based on selectivity-corrected wages so 
the sample includes all adults (including non-wage workers) whereas the Kaboski and Townsend 
(forthcoming) results are based on smaller samples of actual wage workers in each occupation. 
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spillovers, I first restrict the sample to households that never borrow from the VF 

during the entire sample period.  I then regress the business ownership and child labor 

on the instrument along with the same covariates as in the main regression tables and 

household/child fixed effects.  Appendix Table 5 displays regression results.  As can 

be seen in columns 3-6, there is no evidence that credit expansion had an impact on 

the business ownership and child labor of non-borrowing households.  Note that if 

there were any general equilibrium effects of the expansion (including but not limited 

to wage effects), we would expect to see changes in the behavior of non-borrowers.  

These results indicate that at least with respect to these outcomes, there is no evidence 

of general equilibrium or spillover effects of the Village Fund program.  However one 

caveat to interpreting these results is that this sample of non-borrowers is subject to 

selection on unobserved characteristics.  For example, if non-borrowers are inherently 

non-entrepreneurial, these results may not detect general equilibrium effects even if 

they do exist.  Thus, these results should be viewed with caution but seen as consistent 

with the larger body of evidence presented in this section. 

Heterogeneity by Education 

One worry is that wealth is correlated with other unobserved characteristics 

that vary across households and that the true heterogeneity in the effects of loans is 

actually along this unobserved dimension rather than by wealth.  For example, if 

entrepreneurial ability is correlated with wealth, then the results may be picking up 

differences in the effects of the credit expansion by unobserved ability.  Since I lack 

an instrument for household wealth, I am unable to claim that the relationship between 
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wealth and the effects of loans is causal.  However, I can introduce heterogeneity 

along other observable dimensions to help rule out alternative channels of influence.  

Appendix Table 6 repeats the estimation in (IV) but allows for heterogeneity by the 

education of the household head as well.  Here, I use education to proxy for 

unobserved ability.  Columns 1 and 4 of Panel A report the main regression results 

from Tables 6 and 10.  Columns 2,3,5 and 6 allow for heterogeneity in loan effects by 

education in addition to heterogeneity by wealth groups.  For both business ownership 

and child labor, there is no evidence of heterogeneity by education; the effects for 

different wealth groups are the same regardless of the education of the household head 

and very similar in magnitude and significance to the main sample results.  Finally, 

columns 7 and 8 in Panel B give the results when I model heterogeneity only in 

education.  The effects for business ownership are statistically indistinguishable 

between education levels.  For child labor, the effects of loans are stronger for more 

educated households, but notice that this pattern of effects is increasing education.  

This stands in contrast to the non-monotonic pattern of effects in both the theoretical 

framework and the empirical results in presented in Table 3.  Thus overall the 

evidence in Appendix Table 6 does not support the theory that the heterogeneous 

effects of loans by wealth are simply picking up differences in education levels. 

Correcting for Bias in Clustered Standard Errors 

As established in previous work (Donald and Lang (2007), Imbens and Wool-

dridge (2008)), estimates of standard errors using standard clustering methods can be 

biased downwards when the number of observations per cluster is high but the number 
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of clusters is low.  The Townsend Thai monthly panel includes only 16 villages.  The 

potential bias in the estimated standard errors may affect the inference of the previous 

section.  To address this issue, I implement a wild cluster bootstrap estimator, 

following Cameron, Gelbach and Miller (2008) and Finlay and Magnusson (2009).  

Within each bootstrap iteration, I resample the residuals from a restricted model that 

imposes the null hypothesis (zero effect of loans) at the cluster level to preserve any 

correlation between individuals within a village and over time.  I use these residuals 

and the covariates to create a predicted Y that does not contain the effect of the loans.  

I then regress the predicted Y on the full set of covariates (including the loan 

variables) and store the corresponding Wald statistics.  Finally, I use the distribution of 

these Wald statistics collected over 999 iterations to compute critical values for the 

test statistics calculated in Tables 6 and 10 (note that the distribution is under the null 

hypothesis).  The original Wald statistics from running (IV) and the bootstrapped 

critical values corresponding to the 5% and 10% significance levels are reported in 

Appendix Table 7. I find that as in the main results (reported in Tables 6 and 10), the 

coefficients on the interaction between loans and the middle wealth group dummy are 

significant for both child labor and business ownership (at the 10% level).  This 

suggests that the findings are significant despite any intra-village or intertemporal 

correlation and are not the result of the bias due to a low number of clusters. 

Other Checks and Remaining Issues 

Lastly, I run a number of other robustness checks to ensure that the coefficient 

estimates are not an artefact of a particular specification.  The results are insensitive to 
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the inclusion of other covariates which are omitted in the main regressions because 

they are available for only a subsample of observations.  The results also hold if I 

differentiate households by wealth quintiles and deciles rather than wealth groups.  

They do not change if I exclude households with extremely low or high wealth.  I also 

run a simple falsification test to check for reverse causality and find that child labor 

never significantly predicts Village Fund loan take-up, regardless of the lag used.  

When viewed in addition to the other evidence presented in this section, these checks 

indicate a large and positive causal impact of increased credit access on 

entrepreneurship and child labor for only middle wealth households.27 

1.6   Conclusion 

This paper adds to the existing literature on the role of credit constraints in 

household decisions by examining the effect of increasing credit access on 

entrepreneurship and child labor in the presence of labor market imperfections.    I 

show that the impact of the loans on non-agricultural business ownership and 

investment are heterogeneous by household wealth, a consequence of credit 

constraints that decline with wealth and fixed costs of entering entrepreneurship.  

Households at the middle of the wealth distribution are 10% more likely to become 

                                                           
27

 The Village Fund Program was introduced in the same general period as other community 

improvement programs (although none involving loans).  For example, the central government 
implemented a schooling initiative around the same time as the VF credit expansion. If these programs 
were implemented at exactly the same time as the funds were received by villages, the effects of both 
these programs and the VF loans could be confounded.  In the data, I am unable to tell whether such 
programs arrived in the same month as the VF loans were disbursed.  However, the high baseline (pre-
VF) attendance rates and intensity lead me to believe that schooling interventions are not driving the 
results in this paper.  Moreover since other programs were not bundled with the lending and saving 
services of the Village Fund, there is no obvious reason why they would have the same non-linear 
pattern of effects over the wealth distribution as VF loans. 
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business owners and invest 18% more in business capital for a 1000 baht increase in 

borrowing.  Additionally, child labor in these same households rises when they 

borrow; children are 3.1 percentage points more likely to work and they work an 

additional 2.4 hours per month in response to a 1000 baht increase in credit.  The 

effects on child labor are persistent and are sizeable even 12 months after households 

borrow. 

The entrepreneurship results are consistent with the work of Banerjee et al. 

(2010), who find the effects of microcredit on business outcomes in India are strongest 

for “likely entrepreneurs.”  However, an important difference between their approach 

and the one taken in this paper is the source of heterogeneity in households' propensity 

to become an entrepreneur.  Banerjee et al. (2010) model heterogeneity in the returns 

to entrepreneurship and in time preferences as captured by the number, education and 

work status of women in the household.  In this paper, I model heterogeneity in 

household wealth to proxy for the ability to afford the start up costs associated with 

business ownership.  This aspect of household heterogeneity is critical when the 

expansion of credit does not change the marginal interest rate faced by households, 

which is likely to be the case when the credit expansion is characterized by low limits 

on borrowing.  Nonetheless, the intuition and empirical findings in the two papers are 

complementary and both lend evidence to the overall theme that the impacts of easing 

credit constraints are likely to differ across household types. As policies are often 

targeted to improving the living conditions of the poorest households, these results 

suggest that limited credit expansions in particular may not be the most effective tool 
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for encouraging high-return entrepreneurial ventures as a method for poverty 

alleviation. 

If policymakers see child labor as an inefficient outcome, the results in this 

paper show that a policy aimed solely at reducing credit market imperfections can 

have unintended consequences for the supply of child labor.  Although I find no 

systematic effects of increased borrowing availability on schooling attendance or 

dropout rates, it is still possible that increased child labor negatively affects children in 

other ways not captured by schooling attendance alone.  For example, increased child 

labor may still decrease human capital formation if labor hours cause children to 

perform worse in school, an effect which I cannot address with these data. 

Nonetheless, it is also important to keep in mind that it is not clear that 

increasing child labor reduces overall household welfare.  In circumstances where 

child labor is the only means of generating enough income for subsistence, it may be 

optimal for households to choose to work their children more, even given the costs of 

such work.  Moreover, in the framework in this paper household wealth is fixed over 

time, but in reality there is scope for upward mobility if households can permanently 

increase their productivity of household enterprises.  In other words, for some 

households expanded credit access may lead to higher levels of child labor in the 

medium run, but it also may enable households to permanently raise wealth levels and 

result in higher household welfare in the long run.  This possibility is not capture in 

the model and analysis here but these results in this paper suggest that this is a 

promising area for future research.  
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Figure 1.1. Borrowing by Initial Household Wealth Decile 

 

 

Figure 1.2. Business Ownership by Initial Household Wealth Decile 
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Figure 1.3. Liquid Funds and Fixed Costs of Entry by Initial Household Wealth 

Decile 

 

Notes: Pre-VF Available Liquid Funds defined as the sum of current cash on 

hand, deposits at banks and average market loan amount by wealth decile 

(pre-program period only).  Post-VF Available Liquid Funds are the sum of 

Pre-VF Available Liquid Funds and average VF Fund loan amount across the 

sample.  Average fixed costs of entrepreneurial entry are 77,700 baht 

(horizontal line).  Decile 10 is omitted for scaling purposes; median of Pre-VF 

Funds = 310.6, median of Post-VF Funds  = 326.5. 
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Table 1.1.  Credit Statistics by Wealth Group 

Panel A: Pre-program credit statistics 

Low 

Wealth 

Middle 

Wealth 

High 

Wealth 

p-value for 

difference 

 [(2) - (1)] 

p-value for 

difference 

 [(3) - (1)] 

p-value for 

difference  

[(3) - (2)] 

(1) (2) (3) (4) (5) (6) 

Proportion of households that … (%) 

Self-report being credit 

constrained 
7.06 2.02 1.71 0.096 0.055 0.867 

Borrow from 

institutional sources 
47.1 55.6 67.5 0.253 0.003 0.072 

Borrow from family 

members 
29.4 22.2 14.5 0.267 0.010 0.144 

Borrow from non-family 

individuals (including 

moneylenders) 

52.9 46.5 34.2 0.384 0.008 0.067 

       
Average amount borrowed from … (thousands of baht) 

       
Institutional sources 11.5 15.7 34.6 0.112 0.000 0.000 

Family members 4.55 6.85 18.7 0.073 0.000 0.001 

Other Individuals 

(including 

moneylenders) 

3.78 6.72 37.8 0.000 0.000 0.049 

All 7.03 11.5 36.9 0.001 0.000 0.000 

       
Average yearly interest rate faced for loans from … (%) 

       
Institutional sources 67.9 51.7 49.2 0.194 0.126 0.794 

Family members 128.9 93.1 89.6 0.254 0.294 0.901 

Other Individuals 

(including 

moneylenders) 

111.2 97.9 118.5 0.397 0.704 0.195 

All 87.6 71.1 65.2 0.094 0.030 0.484 

       
Average default rate for loans from … (%) 

       
Institutional sources 14.8 11.9 7.83 0.000 0.000 0.012 

Family members 8.33 38.9 8.33 0.000 1.000 0.008 

Other Individuals 

(including 

moneylenders) 18.3 30.3 18.7 0.000 0.917 0.116 

All 15.4 14.6 8.65 0.692 0.000 0.000 
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Table 1.1.  Credit Statistics by Wealth Group, Continued 

 

Panel B: Village Fund credit statistics 

Low 

Wealth 

Middle 

Wealth 

High 

Wealth 

p-value for 

difference 

 [(2) - (1)] 

p-value for 

difference 

 [(3) - (1)] 

p-value for 

difference  

[(3) - (2)] 

(1) (2) (3) (4) (5) (6) 

Proportion of 

borrowers 
57.4 70.9 76.4 0.032 0.000 0.304 

Average loan principal 11.9 14.2 14.6 0.001 0.000 0.000 

Average yearly 

interest rate 
25.5 19.8 19.6 0.503 0.728 0.408 

Average default rate 3.45 5.30 2.26 0.000 0.248 0.004 

Notes: With the exception of the Village Fund statistics, all statistics are for the pre-program period 

only.  Village Fund statistics are for the post program period only. 
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Table 1.2. Pre-program summary statistics and testing for differential trends by village size and 

timing 

Panel A: Early vs. Late 

Receivers Early Receiver Late Receiver Difference  

[(4) - (2)] 

p-value for 

difference  Obs Mean Obs Mean 

(1) (2) (3) (4) (5) (6) 

Child Performs Any Work 

(1=Yes, 0=No) 
3094 0.059 2849 0.051 -0.008 0.656 

Owns Non-agricultural 

Business (1=Yes, 0=No) 
2636 0.141 2534 0.241 0.100 0.056 

       

 

p-value for differential time trend  

between early and late receivers   

 
Monthly Trend Yearly Trend 

  
Child Performs Any Work 

(1=Yes, 0=No) 
0.773 0.683 

  

Owns Non-agricultural 

Business (1=Yes, 0=No) 
0.103 0.165 

  

Panel B: Small vs. Large 

Villages Small Village Large Village Difference  

[(4) - (2)] 

p-value for 

difference  Obs Mean Obs Mean 

(1) (2) (3) (4) (5) (6) 

Child Performs Any Work 

(1=Yes, 0=No) 
2635 0.044 3308 0.064 0.020 0.250 

Owns Non-agricultural 

Business (1=Yes, 0=No) 
2199 0.240 2872 0.150 -0.090 0.073 

       

 

p-value for differential time trend  

between large and small villages   

 
Monthly Trend Yearly Trend 

  
Child Performs Any Work 

(1=Yes, 0=No) 
0.190 0.173 

  

Owns Non-agricultural 

Business (1=Yes, 0=No) 
0.314 0.244     

Notes: Early receivers are defined as all villages receiving funds from the central government 

on or before August 2001.  Late receivers are defined for villages receiving funds after August 

2001.  Small villages are defined as all villages with total population less than or equal to 300 

in August 1997.  Large villages are those with population more than 300 in August 1997. 
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Table 1.3. Effects of Village Fund Borrowing on Business 

Ownership, by Wealth Decile (IV) 

Dependent Variable: 

Own a Non-

Agricultural Business 

(1=Yes, 0=No) 

Initial Wealth Decile = 1 -0.0732* 

(0.0442) 

Initial Wealth Decile = 2 -0.0327 

(0.0224) 

Initial Wealth Decile = 3 -0.0197 

(0.0126) 

Initial Wealth Decile = 4 0.0011 

  (0.0562) 

Initial Wealth Decile = 5 0.0117 

  (0.0169) 

Initial Wealth Decile = 6 0.0362 

  (0.0309) 

Initial Wealth Decile = 7 -0.0284* 

(0.0158) 

Initial Wealth Decile = 8 -0.0248** 

(0.0106) 

Initial Wealth Decile = 9 -0.0207* 

(0.0118) 

Initial Wealth Decile = 10 0.0070 

  (0.0276) 

Pre-program mean of dependent 

variable 0.179 

Household Fixed Effects Yes 

Month Fixed Effects Yes 

Observations 18,021 

*** p<0.01, ** p<0.05, * p<0.1 

Notes: Standard errors clustered at the village level.  Other 

controls include age and education of the household head, 

average age and education in the household, number of 

household members, proportion of female household members, 

number of children, number of sons. 
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Table 1.4. Reduced Form Effect of Village Fund Program 

Panel A. Total Effects 

  

Business 

Ownership 

Child Performs Any 

Work in Business 

Child Work Hours 

Business (per month) 

(1) (2) (3) 

Low Wealth -13.1* 0.864 -95.0 

(F-statistic) (3.09) (0.47) (0.13) 

Middle Wealth 12.9*** 10.5*** 830.7** 

(F-statistic) (14.22) (18.22) (6.63) 

High Wealth -7.39 1.50 166.8 

(F-statistic) (1.56) (1.17) (1.71) 

Panel B. Regression Output 

  

Business 

Ownership 

Child Performs Any 

Work in Business 

Child Work Hours 

Business (per month) 

(1) (2) (3) 

Low Wealth * Instrument -5.77 -0.638 -261.8 

(4.24) (0.717) (258.3) 

Middle Wealth * Instrument 20.3** 9.043** 663.9* 

(7.21) (3.48) (373.4) 

Instrument -7.39 1.502 166.8 

(5.73) (1.40) (133.7) 

Pre-program mean of 

dependent variable 0.179 0.017 1.17 

Mean of Instrument 0.003 0.003 0.003 

Child/HH Fixed Effects Yes Yes Yes 

Month Fixed Effects Yes Yes Yes 

Observations 18,020 20,711 20,711 

Number of HHs/Children 426 612 612 

*** p<0.01, ** p<0.05, * p<0.1 

Notes: Standard errors clustered at the village level.  F-statistics for the significance of total 

marginal effects are presented in parenthesis below the effects.  Other controls include age and 

age squared (child regressions only), age and education of the household head, average age and 

education in the household, number of household members, proportion of female household 

members, number of children, number of sons.  Mean of instrument is calculated for post-

program period only. 
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Table 1.5. First Stage Statistics 

Household-level Regressions 

  

Low Wealth 

* VF Loan 

Principal 

Middle Wealth 

* VF Loan 

Principal 

Village 

Fund Loan 

Principal 

(1) (2) (3) 

Angrist-Pischke F-statistic 107.2 24.3 15.9 

P-value of excluded instruments 0.000 0.000 0.001 

Shea Partial R-Squared 0.015 0.016 0.008 

Kleibergen-Paap rk LM p-value 0.062 

Kleibergen-Paap rk Wald F-statistic 21.354 

Household/Child Fixed Effects Yes Yes Yes 

Month Fixed Effects Yes Yes Yes 

Observations 18,020 18,020 18,020 

Number of Households 426 426 426 

Child-level Regressions 

  

Low Wealth 

* VF Loan 

Principal 

Middle Wealth 

* VF Loan 

Principal 

Village 

Fund Loan 

Principal 

(4) (5) (6) 

Angrist-Pischke F-statistic 73.6 53.8 30.4 

P-value of excluded instruments 0.000 0.000 0.000 

Shea Partial R-Squared 0.009 0.009 0.007 

Kleibergen-Paap rk LM p-value 0.082 

Kleibergen-Paap rk Wald F-statistic 24.363 

Household/Child Fixed Effects Yes Yes Yes 

Month Fixed Effects Yes Yes Yes 

Observations 20,711 20,711 20,711 

Number of Households 612 612 612 

Notes: Loan Principal measured in 1000s of baht. Standard errors clustered at the 

village level.  Other controls include age and age squared (child regressions only), 

age and education of the household head, average age and education in the 

household, number of household members, proportion of female household 

members, number of children, number of sons. 
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Table 1.6. Effects of Village Fund Program on Non-Agricultural Businesses Activity 

Panel A. Total Marginal Effects 

  

Business 

Ownership 

Capital 

Stock 

(1000s of 

baht) 

Non-Labor 

Inputs 

(1000s of 

baht) 

Hired Labor 

(hours per 

month) 

Revenue  

(1000s of 

baht) 

Profits  

(1000s of 

baht) 

(1) (2) (3) (4) (5) (6) 

Low Wealth -0.026** 0.975 -0.046 -5.22 -0.927 0.213 

(F-statistic) (4.22) (1.13) (0.04) (0.12) (1.43) (0.57) 

Middle 

Wealth 0.017*** 1.491** -0.222 -3.38 0.063 0.344 

(F-statistic) (7.11) (3.88) (2.36) (0.86) (0.01) (1.75) 

High Wealth -0.014 -0.175 -0.147* 4.76 -0.398 0.136 

(F-statistic) (1.85) (0.16) (3.72) (0.51) (0.80) (0.41) 

Panel B. Regression Output 

Low Wealth 

* Loan 

Principal -0.012 1.150 0.101 -9.98 -0.529 0.202 

(0.012) (0.778) (0.251) (8.46) (0.703) (0.411) 

Middle 

Wealth * 

Loan 

Principal 0.031** 1.666* -0.075 -8.14 0.461 0.208 

(0.013) (0.865) (0.110) (7.59) (0.477) (0.194) 

Loan 

Principal -0.014 -0.175 -0.147* 4.76 -0.398 0.136 

(0.010) (0.431) (0.076) (6.65) (0.446) (0.213) 

Pre-program 

mean of 

dependent 

variable 0.179 8.23 1.93 7.57 4.57 0.484 

Household 

Fixed Effects Yes Yes Yes Yes Yes Yes 

Month Fixed 

Effects Yes Yes Yes Yes Yes Yes 

Observations 18,020 18,020 18,020 18,020 18,020 18,020 

Number of 

HHs 426 426 426 426 426 426 

*** p<0.01, ** p<0.05, * p<0.1 

Notes: Loan Principal measured in 1000s of baht. F-statistics for the significance of total marginal 

effects are presented in parenthesis below the effects.   Standard errors clustered at the village 

level. Capital stock is the stock of existing business fixed capital (taking into account 

depreciation).  Non-labor and labor inputs represent flows.   Other controls include age and 

education of the household head, average age and education in the household, number of 

household members, proportion of female household members, number of children, number of 

sons. 
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Table 1.7. Effects of Village Fund Program on Agricultural  Activity 

Panel A: Total Marginal Effects 

  

Any 

Farm 

Activity 

Capital 

Stock 

(1000s of 

baht) 

Non-Labor 

Inputs 

(1000s of 

baht) 

Hired 

Labor 

(hours per 

month) 

Revenue  

(1000s of 

baht) 

Profits  

(1000s of 

baht) 

(1) (2) (3) (4) (5) (6) 

Low Wealth 0.005 -2.48 -27.3** 9.79 2.14** 1.434* 

(F-statistic) (0.35) (2.28) (5.97) (1.70) (4.83) (5.84) 

Middle Wealth -0.006 -0.380 -7.55 6.05 0.460 -0.308 

(F-statistic) (0.32) (0.08) (2.24) (0.80) (0.40) (0.33) 

High Wealth 0.022 1.84 8.61 4.71 -1.11 -0.230 

(F-statistic) (2.70) (1.65) (1.77) (1.16) (0.76) (0.05) 

Panel B: Regression Output 

  

Any 

Farm 

Activity 

Capital 

Stock 

(1000s of 

baht) 

Non-Labor 

Inputs 

(1000s of 

baht) 

Hired 

Labor 

(hours per 

month) 

Revenue 

(1000s of 

baht) 

Profits 

(1000s of 

baht) 

(1) (2) (3) (4) (5) (6) 

Low Wealth * 

Loan Principal -0.017* -4.32* -35.90** 5.08 3.25* 1.664 

(0.009) (2.38) (14.85) (5.30) (1.81) (1.321) 

Middle Wealth 

* Loan 

Principal -0.028* -2.22 -16.16* 1.34 1.57 -0.078 

(0.015) (2.24) (9.47) (4.71) (1.63) (1.100) 

Loan Principal 0.022 1.84 8.61 4.71 -1.11 -0.230 

(0.014) (1.43) (6.48) (4.37) (1.27) (1.033) 

Pre-program 

mean of 

dependent 

variable 0.854 41.3 26.7 36.2 10.2 2.23 

Household 

Fixed Effects Yes Yes Yes Yes Yes Yes 

Month Fixed 

Effects Yes Yes Yes Yes Yes Yes 

Observations 18,020 17,817 17,815 18,020 18,020 18,020 

Number of 

HHs 426 426 426 426 426 426 

*** p<0.01, ** p<0.05, * p<0.1 

Notes: Loan Principal measured in 1000s of baht. F-statistics for the significance of total marginal 

effects are presented in parenthesis below the effects.   Standard errors clustered at the village 

level.  Capital stock is the stock of existing business fixed capital (taking into account 

depreciation).  Non-labor and labor inputs represent flows.  Other controls include age and 

education of the household head, average age and education in the household, number of 

household members, proportion of female household members, number of children, number of 

sons. 
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Table 1.8. Effects of Village Fund Program on the Composition of Household  Activities 

Panel A. Total Marginal Effects 

  

Business 

Ownership 

Any Farm 

Activity 

Business 

Only Farm Only 

(1) (2) (3) (4) 

Low Wealth -0.026** 0.005 -0.012 0.019* 

(F-statistic) (4.22) (0.35) (2.04) (2.80) 

Middle Wealth 0.017*** -0.006 0.001 -0.022* 

(F-statistic) (7.11) (0.32) (0.12) (2.91) 

High Wealth -0.014 0.022 -0.012** 0.024* 

(F-statistic) (1.85) (2.70) (4.19) (3.05) 

Panel B. Regression Output 

  

Business 

Ownership 

Any Farm 

Activity 

Business 

Only Farm Only 

(1) (2) (3) (4) 

Low Wealth * Loan Principal -0.012 -0.017* -0.000 -0.005 

(0.012) (0.009) (0.005) (0.015) 

Middle Wealth * Loan Principal 0.031** -0.028* 0.013* -0.046** 

(0.013) (0.015) (0.007) (0.020) 

Loan Principal -0.014 0.022 -0.012** 0.024* 

(0.010) (0.014) (0.006) (0.014) 

Pre-program mean of dependent 

variable 0.179 0.854 0.038 0.713 

Household Fixed Effects Yes Yes Yes Yes 

Month Fixed Effects Yes Yes Yes Yes 

Observations 18,020 18,020 18,020 18,020 

Number of HHs 426 426 426 426 

*** p<0.01, ** p<0.05, * p<0.1 

Notes: Loan Principal measured in 1000s of baht. F-statistics for the significance of total 

marginal effects are presented in parenthesis below the effects.  Standard errors clustered at the 

village level.  Other controls include age and education of the household head, average age and 

education in the household, number of household members, proportion of female household 

members, number of children, number of sons. 
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Table 1.9. Effects of Village Fund Program on Adult Labor Supply 

Panel A. Total Marginal Effects 

  

Any 

Work in 

Business 

Hours of 

Work in 

Business 

(per month) 

Any Work 

in 

Agriculture 

(in home) 

Hours of 

Work in 

Agric. (per 

month) 

Any Wage 

Work 

(outside 

home) 

Hours of 

Wage 

Work (per 

month) 

(1) (2) (3) (4) (5) (6) 

Low Wealth -0.010 0.650 -0.033 -14.8** 0.002 -0.24 

(F-statistic) (0.47) (0.08) (1.16) (5.79) (0.01) (0.00) 

Middle 

Wealth 0.009 0.360 0.018 7.21 -0.025 -6.14 

(F-statistic) (1.30) (0.06) (0.11) (0.63) (1.33) (0.93) 

High Wealth -0.010 -0.880 -0.022 -4.96 0.006 0.20 

(F-statistic) (1.50) (0.69) (1.00) (0.78) (0.08) (0.00) 

Panel B. Regression Output 

  

Any 

Work in 

Business 

Hours of 

Work in 

Business 

(per month) 

Any Work 

in 

Agriculture 

(in home) 

Hours of 

Work in 

Agric. (per 

month) 

Any Wage 

Work 

(outside 

home) 

Hours of 

Wage 

Work (per 

month) 

(1) (2) (3) (4) (5) (6) 

Low Wealth 

* Loan 

Principal -0.000 1.53 -0.011 -9.83** -0.004 -0.44 

(0.015) (2.69) (0.032) (4.06) (0.025) (7.95) 

Middle 

Wealth * 

Loan 

Principal 0.019 1.24 0.040 12.17 -0.031 -6.34 

(0.014) (2.12) (0.041) (8.68) (0.026) (7.42) 

Loan 

Principal -0.010 -0.88 -0.022 -4.96 0.006 0.20 

(0.008) (1.06) (0.023) (5.63) (0.024) (6.49) 

Pre-program 

mean of dep. 

variable 0.096 8.99 0.500 59.0 0.484 94.3 

HH Fixed 

Effects Yes Yes Yes Yes Yes Yes 

Month Fixed 

Effects Yes Yes Yes Yes Yes Yes 

Observations 18,020 16,947 18,020 16,992 18,020 16,993 

Number of 

HHs 426 421 426 421 426 421 

*** p<0.01, ** p<0.05, * p<0.1 

Notes: Loan Principal measured in 1000s of baht. F-statistics for the significance of total marginal 

effects are presented in parenthesis below the effects.  Standard errors clustered at the village level.  

Other controls include age and education of the household head, average age and education in the 

household, number of household members, proportion of female household members, number of 

children, number of sons. 
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Table 1.10. Effects of Village Fund Program on Child Labor Supply 

Panel A. Total Marginal Effects 

  

Any Work 

in Business 

Hours of Work in 

Business (per 

month) 

Any Work in 

Agric.  

(in home) 

Hours of Work in 

Agric. 

 (per month) 

(1) (2) (3) (4) 

Low Wealth 0.002 -0.319 -0.012 -1.207** 

(F-statistic) (0.32) (0.19) (1.80) (4.32) 

Middle 

Wealth 0.030*** 2.42** -0.008 0.497 

(F-statistic) (11.65) (6.31) (0.59) (0.23) 

High Wealth 0.003 0.401 -0.018* -0.523* 

(F-statistic) (1.30) (2.09) (3.24) (2.72) 

Panel B. Regression Output 

Low Wealth * 

Loan Principal -0.001 -0.720 0.006 -0.684 

(0.002) (0.724) (0.015) (0.692) 

Middle 

Wealth * 

Loan Principal 0.027** 2.022* 0.010 1.020 

(0.011) (1.087) (0.008) (1.017) 

Loan Principal 0.003 0.401 -0.018* -0.523* 

(0.003) (0.277) (0.010) (0.317) 

Pre-program 

mean of 

dependent 

variable 0.017 1.68 0.034 1.28 

Child Fixed 

Effects Yes Yes Yes Yes 

Month Fixed 

Effects Yes Yes Yes Yes 

Observations 20,711 20,711 20,711 20,711 

Number of 

Children 612 612 612 612 

*** p<0.01, ** p<0.05, * p<0.1 

Notes: Loan Principal measured in 1000s of baht. F-statistics for the significance of total 

marginal effects are presented in parenthesis below the effects.   Standard errors clustered 

at the village level.  Other controls include age, age squared, age and education of the 

household head, average age and education in the household, number of household 

members, proportion of female household members, number of children, number of sons. 
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Table 1.10. Effects of Village Fund Program on Child Labor Supply, Continued  

Panel A. Total Marginal Effects 

  

Any Wage 

Work 

 (outside home) 

Hours of 

Wage Work  

(per month) 

Any 

Domestic 

Chores 

Days Performing 

Domestic Chores 

(5) (6) (7) (8) 

Low Wealth -0.003 -1.449 0.025 0.699 

(F-statistic) (0.31) (0.89) (1.01) (0.42) 

Middle Wealth -0.011 -1.732 0.049*** 0.383 

(F-statistic) (2.68) (1.78) (5.31) (0.16) 

High Wealth -0.008** -1.06* 0.054** 0.536 

(F-statistic) (5.96) (3.30) (8.77) (0.68) 

Panel B. Regression Output 

Low Wealth * Loan 

Principal 0.005 -0.388 -0.029 0.163 

(0.005) (1.159) (0.030) (1.306) 

Middle Wealth * 

Loan Principal -0.003 -0.671 -0.005 -0.153 

(0.004) (0.846) (0.020) (1.184) 

Loan Principal -0.008** -1.061* 0.054*** 0.536 

(0.003) (0.584) (0.018) (0.652) 

Pre-program mean 

of dependent 

variable 0.008 1.34 0.614 12.0 

Child Fixed Effects Yes Yes Yes Yes 

Month Fixed Effects Yes Yes Yes Yes 

Observations 20,711 20,711 17,158 17,158 

Number of Children 612 612 556 556 

*** p<0.01, ** p<0.05, * p<0.1 

Notes: Loan Principal measured in 1000s of baht. F-statistics for the significance of total 

marginal effects are presented in parenthesis below the effects.   Standard errors clustered at 

the village level.  Other controls include age, age squared, age and education of the household 

head, average age and education in the household, number of household members, proportion 

of female household members, number of children, number of sons. 
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Table 1.11. Effects of Village Fund Program on Child Schooling Outcomes 

Panel A. Total Marginal Effects 

  Attends School 

Days Attended 

School Dropout of School 

(1) (2) (3) 

Low Wealth 0.003 -0.014 0.000 

(F-statistic) (0.02) (0.96) (0.05) 

Middle Wealth 0.017 0.144 0.002 

(F-statistic) (1.27) (0.30) (1.54) 

High Wealth -0.002 0.072 0.002 

(F-statistic) (0.04) (0.10) (1.05) 

Panel B. Regression Output 

  Attends School 

Days Attended 

School Dropout of School 

(1) (2) (3) 

Low Wealth * Loan Principal 0.005 -0.086 -0.002 

(0.021) (0.362) (0.002) 

Middle Wealth * Loan Principal 0.019 0.072 -0.000 

(0.018) (0.349) (0.003) 

Loan Principal -0.002 0.072 0.002 

(0.010) (0.228) (0.002) 

Pre-program mean of dependent 

variable 0.861 15.7 0.001 

Child Fixed Effects Yes Yes Yes 

Month Fixed Effects Yes Yes Yes 

Observations 17,158 17,158 17,158 

Number of Children 556 556 556 

*** p<0.01, ** p<0.05, * p<0.1 

Notes: Loan Principal measured in 1000s of baht. F-statistics for the significance of total 

marginal effects are presented in parenthesis below the effects.  Standard errors clustered at the 

village level.  Other controls include age, age squared, age and education of the household head, 

average age and education in the household, number of household members, proportion of 

female household members, number of children, number of sons. 
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Appendix Table 1.1.  Full Sample Summary Statistics 

Child Outcomes Obs. Mean Std. Dev. Min Max 

Child Performs Any Work 

during the Month (Dummy) 20711 0.058 0 1 

Child Ever Works during 

Sample Period (Dummy) 20711 0.489 0 1 

 (Conditional on Working) 

Total Child Work Hours 1206 62.4 79.1 .025 579.5 

Total Hours in Any Type of 

Home Production 1101 51.2 67.5 .025 579.5 

      

Child Attends School 

(Dummy) 17158 0.962  0 1 

Child Drops out of School 

(Dummy) 17158 0.001  0 1 

Total Days Spent in School 17158 15.7 7.7 0 31 

Total Days Spent in Domestic 

Activities 17158 14.6 13.6 0 31 

Selected Explanatory 

Variables 

 (All Children/Households) Obs. Mean Std. Dev. Min Max 

Age 20711 12.0 1.15 10 14 

Gender (=1 if Male) 20711 0.494 0 1 

No. of children 18020 1.40 0.558 1 5 

Age of household head 18020 53.2 15.0 0 95 

Education of household head 18020 2.00 0.727 0 5 

Total no. of household 

members 18020 5.18 2.08 1 16 

Initial Wealth (thousands of 

baht) 18020 1286 3108 0 37568 

Education of household head: 0 = none, 1 = at least some pre-primary, 2 = at least some primary, 

3 = at least some secondary, 4 = at least some university, 5 = beyond university.  Avg. Education 

of Household in years of schooling.  School outcomes are for during school year only. 
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Appendix Table 1.2. Dynamic Effects of Village Fund Program on Child Labor 

  Any Work in Business 

Hours of Work in 

Business (per month) 

(1) (2) 

Contemporaneous 

Low Wealth 0.004 -0.287 

(F-Statistic) (0.29) (0.06) 

Middle Wealth 0.021** 1.304** 

(F-Statistic) (8.41) (5.92) 

High Wealth 0.006 0.596** 

(F-Statistic) (1.45) (4.06) 

6-Month Lag 

Low Wealth -0.002 0.383 

(F-Statistic) (0.05) (0.26) 

Middle Wealth 0.011*** 1.492*** 

(F-Statistic) (10.30) (17.86) 

High Wealth -0.005 -0.019 

(F-Statistic) (0.75) (0.00) 

12-Month Lag 

Low Wealth 0.001 -0.149 

(F-Statistic) (0.08) (0.05) 

Middle Wealth 0.008 0.917* 

(F-Statistic) (2.49) (2.79) 

High Wealth 0.006 0.072 

(F-Statistic) (0.64) (0.02) 

Child Fixed Effects Yes Yes 

Month Fixed Effects Yes Yes 

Observations 13,799 13,799 

Number of Children 595 595 

*** p<0.01, ** p<0.05, * p<0.1 

Notes: Loan Principal measured in 1000s of baht. Standard errors clustered at the 

village level.  Total marginal effects and relevant F-statics are reported.  Other 

controls include age, age squared, age and education of the household head, average 

age and education in the household, number of household members, proportion of 

female household members, number of children, number of sons. 
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Appendix Table 1.3. Effects of Village Fund Program on Consumption Smoothing  & Debt 

Substitution 

Panel A. Total Marginal Effects 

Standard 

Deviation of 

Future 

Consumption 

(6-months 

ahead) 

Standard Deviation 

of Future 

Consumption  

(12-months ahead) 

Made Voluntary 

Payment on 

Existing Debt 

(Institutional Loans 

Only) 

Made Voluntary 

Payment on 

Existing Debt 

(Institutional 

Loans & Money 

Lenders) 

(1) (2) (3) (4) 

Low Wealth -566.9 -514.1 -0.002 -0.004 

(F-Statistic) (1.21) (0.83) (0.14) (0.39) 

Middle Wealth -268.5 44.8 -0.003 -0.007* 

(F-Statistic) (1.18) (0.02) (0.34) .2.91 

High Wealth 235.3 523.9 0.018*** 0.012* 

(F-Statistic) (0.31) (0.42) (8.71) (2.74) 

Panel B. Regression Output 

Standard 

Deviation of 

Future 

Consumption 

(6-months 

ahead) 

Standard Deviation 

of Future 

Consumption  

(12-months ahead) 

Made Voluntary 

Payment on 

Existing Debt 

(Institutional Loans 

Only) 

Made Voluntary 

Payment on 

Existing Debt 

(Institutional 

Loans & Money 

Lenders) 

(1) (2) (3) (4) 

Low Wealth * 

Loan Principal -802.2 -1038.0 -0.000 1.53 

(681.2) -958.8 (0.015) (2.69) 

Middle Wealth 

* Loan Principal -503.8 -479.1 0.019 1.24 

(599.4) (873.2) (0.014) (2.12) 

Loan Principal 235.3 523.9 -0.010 -0.88 

(421.9) (654.0) (0.008) (1.06) 

Pre-program 

mean of 

dependent 

variable 2056.2 2477.1 0.012 0.017 

Household 

Fixed Effects Yes Yes Yes Yes 

Month Fixed 

Effects Yes Yes Yes Yes 

Observations 16,994 16,994 14,805 14,805 

Number of HHs 426 426 395 395 

*** p<0.01, ** p<0.05, * p<0.1 

Notes: Loan Principal measured in 1000s of baht. F-statistics for the significance of total 

marginal effects are presented in parenthesis below the effects.  Standard errors clustered at the 

village level.  Other controls include age and education of the household head, average age and 

education in the household, number of household members, proportion of female household 

members, number of children, number of sons. 
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Appendix Table 1.4. Including Village-specific Time Trends 

Panel A. Total Marginal Effects 

  Dependent Variable: Business Ownership 

Common Trends 

Village-specific 

Monthly Trends 

Village-specific 

Yearly Trends 

(1) (2) (3) 

Low Wealth -0.026** -0.028*** -0.032*** 

(F-Statistic) (4.22) (8.41) (7.73) 

Middle Wealth 0.017*** 0.016** 0.012 

(F-Statistic) (7.11) (4.72) (2.37) 

High Wealth -0.014 -0.017* -0.021* 

(F-Statistic) (1.85) (2.87) (2.88) 

Panel B. Regression Output 

  Dependent Variable: Business Ownership 

Common Trends 

Village-specific 

Monthly Trends 

Village-specific 

Yearly Trends 

(1) (2) (3) 

Low Wealth * Loan 

Principal -0.012 -0.019 -0.019 

(0.012) (0.016) (0.016) 

Middle Wealth * Loan 

Principal 0.031** 0.042* 0.042* 

(0.013) (0.021) (0.021) 

Loan Principal -0.014 -0.014 -0.014 

(0.010) (0.013) (0.013) 

Household Fixed Effects Yes Yes Yes 

Month Fixed Effects Yes Yes Yes 

Observations 18,020 18,020 18,020 

Number of HHs 426 426 426 

*** p<0.01, ** p<0.05, * p<0.1 

Notes: Loan Principal measured in 1000s of baht. Standard errors clustered at the village level.  

Other controls include age and education of the household head, average age and education in 

the household, number of household members, proportion of female household members, 

number of children, number of sons. 
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Appendix Table 1.4. Including Village-specific Time Trends, Continued 

Panel A. Total Marginal Effects 

  Dependent Variable: Child Performs Any Work in Business 

Common Trends 

Village-specific 

Monthly Trends 

Village-specific 

Yearly Trends 

(4) (5) (6) 

Low Wealth 0.002 -0.008 -0.008 

(F-Statistic) (0.32) (2.17) (0.10) 

Middle Wealth 0.030*** 0.020*** 0.027** 

(F-Statistic) (11.65) (7.29) (5.28) 

High Wealth 0.003 0.00 0.004 

(F-Statistic) (1.30) (0.01) (0.52) 

Panel B.Regression Output 

  Dependent Variable: Child Performs Any Work in Business 

Common Trends 

Village-specific 

Monthly Trends 

Village-specific 

Yearly Trends 

(4) (5) (6) 

Low Wealth * Loan 

Principal -0.001 -0.006 -0.006 

(0.002) (0.004) (0.005) 

Middle Wealth * Loan 

Principal 0.027** 0.021* 0.023* 

(0.011) (0.012) (0.013) 

Loan Principal 0.003 -0.001 0.004 

(0.003) (0.006) (0.005) 

Household Fixed Effects Yes Yes Yes 

Month Fixed Effects Yes Yes Yes 

Observations 20,711 20,711 20,711 

Number of HHs 612 612 612 

*** p<0.01, ** p<0.05, * p<0.1 

Notes: Loan Principal measured in 1000s of baht. Standard errors clustered at the village level.  

Other controls include age and education of the household head, average age and education in 

the household, number of household members, proportion of female household members, 

number of children, number of sons. 
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Appendix Table 1.5. General Equilibrium and Spillover Effects 

  All Individuals Non Borrowers Only 

Dependent Variable: 

Wages 

Business 

Ownership 

Child Performs 

Any Work in 

Business 

(1) (2) (3) (4) (5) (6) 

Instrument (Timing only) 0.236 -0.000 0.010 

(1.181) (0.000) (0.013) 

Instrument (Timing + 

Population) -352.881 -0.040 0.293 

(502.111) (0.062)   (7.736) 

Household Fixed Effects Yes Yes Yes Yes Yes Yes 

Month Fixed Effects Yes Yes Yes Yes Yes Yes 

Observations 22,641 22,641 5,095 5,095 4,500 4,500 

Number of 

Individuals/HHs 818 818 117 117 161 161 

*** p<0.01, ** p<0.05, * p<0.1 

Notes: Mean of Instrument (Timing + Population) = 0.003 in post-program period. Loan 

Principal measured in 1000s of baht. Standard errors clustered at the village level.  Other 

controls include age and education of the household head, average age and education in the 

household, number of household members, proportion of female household members, number 

of children, number of sons. 
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Appendix Table 1.6. Adding Heterogeneity by Education 

Panel A. Heterogeneity in Total Marginal Effects by Education and Wealth 

  

Dependent Variable: Business 

Ownership 

Dependent Variable: Child Performs 

Any Work in Business 

No 

Hetero-

geneity by 

Education 

Below 

Secondary 

Education 

At least 

Some 

Secondary 

Education 

No 

Hetero-

geneity by 

Education 

Below 

Secondary 

Education 

At least 

Some 

Secondary 

Education 

(1) (2) (3) (4) (5) (6) 

Low Wealth -0.026** -0.024** -0.028* 0.002 0.003 0.001 

(F-Statistic) (4.22) (4.62) (3.65) (0.32) (0.36) (0.00) 

Middle Wealth 0.017*** 0.022** 0.018* 0.030*** 0.031*** 0.029*** 

(F-Statistic) (7.11) (6.64) (3.53) (11.65) (9.03) (10.57) 

High Wealth -0.014 -0.012 -0.016* 0.003 0.004 0.002 

(F-Statistic) (1.85) (1.12) (3.15) (1.30) (1.30) (0.03) 

Panel B. Heterogeneity in Total Marginal Effects by Education Only 

  

Dependent Variable: Business 

Ownership 

Dependent Variable: Child Performs 

Any Work in Business 

(7) (8) 

No Education -0.015 0.011 

(F-Statistic) (0.08) (2.02) 

At least Some 

Primary 

Education 0.001 0.014*** 

(F-Statistic) (0.07) (8.12) 

At least Some 

Secondary 

Education -0.006 0.013* 

(F-Statistic) (0.30) (3.65) 

*** p<0.01, ** p<0.05, * p<0.1 

Notes: Loan Principal measured in 1000s of baht. F-statistics for the significance of total marginal 

effects are presented in parenthesis below the effects.  Standard errors clustered at the village 

level.  Other controls include age and education of the household head, average age and education 

in the household, number of household members, proportion of female household members, 

number of children, number of sons, household (child) fixed effects, month fixed effects. 
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Appendix Table 1.7. Critical Values for Wald Statistics from Wild Cluster Bootstrap 

 Dependent Variable: Business Ownership 

Actual Value, |ω| α=0.05 α=0.10 

Loan Size X Low Wealth 1.04 1.83 1.64 

Loan Size X Middle Wealth 2.43 2.75 2.25 

Loan Size 1.24 2.21 1.72 

Number of bootstraps, B 
 

999 

 

Dependent Variable: Child Performs Any Work in 

Business 

Actual Value, |ω| α=0.05 α=0.10 

Loan Size X Low Wealth 0.743 1.88 1.62 

Loan Size X Middle Wealth 2.48 2.87 2.39 

Loan Size 1.14 2.38 1.86 

Number of bootstraps, B 
 

999 

Notes: The actual values reported are in absolute value.  The critical values are drawn 

from the distribution of the absolute value of the Wald statistics from 999 bootstrap 

iterations.  The rejection rule used is to reject H0 if and only if |ω| >

����
∗ where��	�

∗ denotes the qth quantile of ��
�
∗ …��

∗ . 
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Chapter 2 

 

Explaining Differential Treatment of Daughters and 

Sons: The Role of Economic Incentives 

 

Abstract 

This paper serves to shed some light on the motivations behind observed 

patterns of gender discrimination in investments in children in developing countries.  I 

show that boys and girls are generally treated equally under normal circumstances in 

Thailand, a country with little known preference for sons.  I find that even in this 

setting, investment decisions may be gender-biased when households are subject to an 

unexpected shock, particularly for children aged 10-12.  I then present suggestive 

evidence that these differential responses to shocks across gender appear to be driven 

primarily by gender differences in labor productivity and returns to education.  This 

suggests that even in the absence of son preference, parents may engage in gender-

biased investments for largely economic reasons rather than preferences alone. 
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2.1  Introduction 

Empirical evidence of gender-biased investments in children has been widely 

documented in the developing world, particularly in South and Southeast Asia.  

Studies have established differential treatment for sons and daughters across an array 

of investments, including vaccination rates (Oster 2009), parental time allocation 

(Barcellos, Carvalho and Lleras-Muney 2010), household resources (Pitt and 

Rosenzweig 1990), breastfeeding behavior (Jayachandran and Kuziemko 2011) and 

even in prenatal care (Bharadwaj and Nelson forthcoming).  Mounting evidence has 

also shown that girls are particularly vulnerable to adverse shocks to household 

resources.  A number of studies illustrate that girls' schooling and labor is more 

sensitive to negative income shocks, while boys' time allocation is largely insulated 

(Bjorkman 2006, Cameron and Worswick 2001, Zimmerman 2011); moreover, boys 

may be the sole benefactors of positive income shocks (Edmonds 2006).  Given the 

importance of inputs and investments made during childhood on later life outcomes 

such as final educational attainment, learning achievement, labor market success, and 

marriage behavior (Beegle, Dehejia and Gatti 2005, Beegle et al. 2008, Heady 2003), 

differential responses by gender to even short-term shocks may lead to persistent 

differences between men and women.  As such, policies aimed at increasing 

household resources may benefit boys in the household more so than girls; indeed, 
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several studies find that microcredit programs lead to more schooling for boys but 

more labor for girls (Islam and Choe forthcoming).1 

Yet existing literature has been unable to pin down the underlying causes of 

such discrimination.  Most of the explanations generally fall into two broad 

perspectives: gender-biased preferences derived from cultural norms and practices and 

differences in the economic returns to investments in sons versus in daughters.  The 

empirical evidence usually focuses on whether parental income or education impacts 

sons and daughters differently, depending on whether the income is earned by female 

or male household members (see for example, Edmonds 2006, Emerson and Souza 

2007, Qian 2008).  In these studies, the argument is usually that if mothers prefer to 

invest more in daughters than fathers do, then a rise in female wages should translate 

to increased bargaining power for mothers and therefore more investment in 

daughters.  Thus if we observe a rise in girls' education in response to higher female 

wages, we would conclude that fathers have an underlying preference for investing in 

sons over investing in daughters and that this preference (and lack of female 

bargaining power) is what drives observed levels of discrimination.  However, one 

drawback of this line of testing is that changes in sex-specific incomes may capture 

changes in gender-specific returns to investments in children and thus yield the same 

results despite a different underlying cause.  This holds true even under a unitary 

household decisionmaking framework where parents do not have preferences for one 

                                                           
1
 Hazarika and Sarangi (2008) present mixed findings on the effects of additional microcredit borrowing 

by child gender.  Pitt and Khandker (1998) find that Grameen Bank lending to women in Bangladesh 
significantly increases both boys' and girls' school attendance but are unable to distinguish between the 
effects of the credit from the Grameen Bank's emphasis on the schooling of daughters as part of its 
social development program. 
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gender over the other. How we interpret the evidence on sex discrimination is critical 

for designing effective policies.  If gender-biased investments are driven by 

differentials in returns to investment by gender, there is considerable scope for policy 

to close the gap between male and female outcomes.  However, if gender 

discrimination is the result of inherent preferences, such policies may be largely 

ineffective. 

This paper serves to shed some light on the motivations behind observed 

patterns of gender discrimination in investments in children.  I begin by describing a 

setting where there is little to no evidence of gender discrimination among child 

investments: Thailand.  Summary statistics and regression analysis reveal virtually no 

statistical differences between school attendance or overall time in income-generating 

work between boys and girls at young ages, consistent with evidence from the 

demography literature (Abeykoon 1995, Wongboonsin and Ruffolo 1995).  The only 

exception is time spent in domestic chores, which seems to be largely allocated to girls 

over boys even at young ages.  These results are robust to limiting the analysis to 

health outcomes of very young children to control for potential endogeneity arising 

from fertility stopping rules that are driven by preference for sons, following 

Barcellos, Carvalho and Lleras-Muney (2010).  If anything, the evidence generated by 

this approach suggests that parents invest more in girls' health than in boys'. 

Even in this setting of equal treatment, there still might be scope for a large 

household shock to affect girls and boys differently within the household. If there are 

gender differentials in labor productivity, we might expect that a shock to household 
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income or household production may lead to different labor responses by boys than by 

girls even in the absence of son preference on the part of parents.  To investigate 

whether this might be the case, I then present evidence of differential effects of a 

shock to household borrowing ability on child labor and schooling by gender.  I isolate 

the causal relationship between household borrowing behavior and child outcomes by 

taking advantage of exogenous variation in credit access generated by the Million 

Baht Program, a national credit expansion program rolled out between 2001-2002.  As 

established in Nelson (2011), this increase in credit resulted in three different types of 

household shocks, depending on initial household wealth. For children in certain age 

ranges, I find that increases in income-smoothing ability reduce child work for boys 

but not for girls.  Positive shocks to labor productivity in non-agricultural business 

increase girls' labor by more than boys' labor.  Finally, positive income shocks 

decrease overall levels of child labor for boys, but have no significant effect on girls. 

Given that Thailand is not a country known for parental preference for sons, 

the differential responses to household shocks may initially seem puzzling.  However, 

I then provide suggestive evidence that the observed patterns of discrimination arise 

largely due to gender differences in labor productivity and to differential returns to 

investments by gender.  Once these differences are controlled for, there are no 

statistically significant differences in responses to shocks between boys and girls. 

The results in this paper make several contributions to the existing literature on 

sex discrimination.  First, they provide additional evidence that even when parents 

allocate resources across genders equally under normal circumstances (Deaton 1997, 
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Duflo 2005), investment decisions may be gender-biased when households are hit with 

an unexpected shock.  Second, they present suggestive evidence that even in the 

absence of son preference, parents may engage in gender-biased investments for 

largely economic reasons. Given that a considerable portion of the existing evidence 

on sex discrimination is based on measuring differential responses to household 

shocks by child gender, the results in this paper aid our interpretation of that literature 

by pointing out the possibility that much of that discrimination could be economically 

motivated rather than preference-based. 

2.2  Data: The Townsend Thai Project 

This paper uses a large household panel survey of Thai villages, the Townsend 

Thai Project.  The sample is a monthly panel of 602 households (1234 children, ages 

7-18) in 16 villages in the Northeast and Central regions of Thailand, from 1998-2005 

(88 months in total).2 The villages are spread across four districts of Thailand, which 

vary in terms of environmental factors and main economic activities.  However, 

villages within a district are relatively similar. 

To measure differences in the treatment of and investment in children I 

examine several labor-, schooling- and health-related outcomes.  The main outcome of 

interest is the hours per month that a child spends in each income-generating activity 

(agricultural household production, non-agricultural household production, and 

employment outside the household).  Agricultural production includes time spent in 

                                                           
2
 The sample is unbalanced due to the age restriction, new children moving into the household and a 

very small amount of attrition (6%), was which largely due to migration.  For the Barcellos, Carvalho 
and Lleras-Muney (2010) analysis (Table 3) the sample contains an additional 170 children, ages 0-2. 
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crop cultivation, in tending livestock and in fish and shrimp farming.  I also consider 

the number of days per month that a child engages in domestic chores (such as 

cooking, cleaning and caring for younger children) and the number of days a child 

attends school per month (self-reported by parents).  Finally, the only health measure 

included in the survey is the incidence of illness (such as colds, fever and diarrhea).  

This is measured both in the current survey month as well as over the past year. 

The survey also contains a wealth of information at the household and 

individual level.  The primary individual level variables of interest are gender and 

education.  Education is measured only in the following  levels: 0 = no education, 1 = 

at least some pre-primary education, 2 = at least some primary education, 3 = at least 

some secondary education, 4 = at least some university education, 5 = beyond 

university education.  The principal household level variables of interest are initial 

wealth (measured at the start of the survey), monthly borrowing and activity-specific 

household-level adult male and female work hours.3 

 

2.3  Baseline Setting: Equal Treatment 

2.3.1 Summary Statistics 

Unlike many of its neighbors, Thailand is not a country known for inherent son 

preference (Abeykoon 1995, Wongboonsin and Ruffolo 1995).  Tables 1A-1E display 

the summary statistics for child labor, schooling and health status by gender and age 

                                                           
3
 See Nelson (2011) for additional information about the initial wealth measure. 
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group.4  At each age parity, tthere are very few persistent gender patterns that emerge 

in the data, with the exception of domestic chores.5 

Very few children work at ages 7 and 9 (Tables 1A and 1B).  At age 9, boys 

are more likely to work than girls, and this difference is largely due to agricultural 

work within the household (Table 1B).  However, this difference is driven by a low 

number of observations.  Overall, there appears to be very little evidence of sex-

selective treatment for children in these age groups. 

More consistent patterns emerge for older children, as the statistics in Tables 

1C-1E illustrate.  Girls are more than twice as likely to perform domestic chores (71% 

versus 33%) and they engage in these chores considerably more days per month than 

boys by age 12 (a difference of 10 days per month).  However, until age 18, there are 

no other significant differences between boys' and girls' outcomes.  At age 18, boys 

are more likely to work (a 20 percentage point differential) and work nearly 30 hours 

more than girls per month.  Again this difference is being driven by work in 

agricultural activities within household production (Table 1E). 

Note that as the summary statistics are presented for children of specific ages, 

the power of statistical tests for gender differences is fairly low.  Thus, the regression-

based evidence that pools age groups in the following section may be more 

convincing.  Nonetheless, overall these summary statistics lend suggestive evidence 

                                                           
4
 These statistics are for the pre-credit expansion sample only. 

5
 The high reported attendance rate is likely due to compulsory schooling laws that apply to children 

ages 6 to 12, which could reflect high rates of actual attendance or simply a higher likelihood of 
misreporting. 
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that children seem to specialize in non-economic household work along gender lines 

fairly early in childhood but do not segregate by gender into economic household 

activities until older ages. 

2.3.2 OLS Regressions 

The summary statistics presented in the previous section do not control for any 

other observable characteristics that might be correlated both with child gender and 

the outcomes of interest.  Thus to estimate mean differences in outcomes between 

boys and girls, I estimate the following OLS regression: 

�2.1�				��	
 = �	����� 	+ �����
 	+ �	 	+ �
 	+	��
 

where ��	
 are various outcomes for child i in village j surveyed in month t, 

such as school attendance or child labor;  ����� is an indicator variable that takes the 

value of 1 if child i is male; ��
is a vector of child- and household-specific 

characteristics such as age and education of the household head (all covariates are 

listed below each table); �	 is a village fixed effect to control for unobserved 

differences in child outcomes across villages; and ��
 captures the unobserved 

household-level determinants of child outcomes.  2.1) also includes time fixed effects 

(�
) for each month of the survey (i.e. from month 1 to 88).  As such, �
 captures any 

aggregate trends in child outcomes, including seasonal trends.  If boys and girls are 

treated differently by parents, � ≠ 0. 
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Table 2 displays the OLS estimate for differential treatment in outcomes (�) 

by age group.  Even after controlling for observable characteristics at the child and 

family level and unobserved characteristics at the village level, there are few 

statistically significant differences between boys and girls across the different 

outcomes for young children under the age of 16.  The sole exception is again child 

time spent in domestic chores; here the gender differential remains large and persistent 

throughout childhood.  There is also some limited evidence that boys at young ages (7-

9 years old) are more likely to be sick, both in a given month and within the past year.  

By the time children reach older ages, it appears that boys are more likely to specialize 

in agricultural activities, while girls are spend more time in household businesses. 

2.3.3 Restricted Regressions 

One potential source of bias in equation (1) arises due to son preference-based 

fertility stopping rules. A consequence of such fertility stopping rules is that the 

probability the youngest child is male is increasing in the age of the last child, as 

parents have more time to adjust their total fertility following the birth (Barcellos, 

Carvalho and Lleras-Muney (2010)).  This implies that girls are born into larger 

families than boys.  Even conditional on family size, there may be unobserved 

differences between families whose youngest child is female (and thus those who did 

not adjust fertility) than those whose youngest child is male. To account for this 

possibility, I employ the methodology developed in Barcellos, Carvalho and Lleras-

Muney (2010).  The main idea behind their methodology is to examine families where 

the last child is “young enough” such that parents have not had time to adjust their 
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fertility based on the gender of the most recent birth - for this sample, parents who 

have just had a girl are similar to parents to have just had a boy, conditional on the sex 

ratio of the previous children and the number of children.6 

The only outcome I observe for children under the age of 7 is health status 

(whether the child was sick in the past month or in the past year).  When I restrict the 

sample to very young children (ages 0-2) whose parents are unlikely to have had time 

to adjust fertility, I find that boys are actually more likely to be sick than girls (Table 

3).  There is some evidence form the medical literature that boys are biologically 

weaker than girls post-birth.  Even in the more restrictive sample of children who are 

less than one year old, boys are more likely to be sick in the current month and past 

year.  This suggests that girls are not being given differentially less healthcare than 

boys, at least to the extent that it surfaces in these health measures. 

2.3.4 Family Fixed Effects Regressions 

As the sample comes from a monthly panel, another possible approach to 

measuring differential treatment of boys and girls is to implement a family fixed 

effects strategy.  This controls unobserved differences between families such as the 

possibility that girls are born into wealthier or larger families on average.  To do so, I 

estimate the following equation: 

�2.2�				��	
 = �	����� 	+ �����
 	+ �� 	+ �
 	+	��
 

                                                           
6
 This methodology relies on the absence of sex-selective abortions.  However, as far as I am aware of, 

there is no evidence of widespread use of sex-selective abortions in Thailand. 
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where �� is a family fixed effect.  This specification also includes month of 

survey fixed effects (�
). If boys and girls within the same family are treated 

differently by parents, � ≠ 0. 

Table 4 displays the Family FE estimate for differential treatment in outcomes 

(�) by age group.  Even after controlling for unobservable fixed differences between 

families, there are few systematic differences between boys and girls across the 

different outcomes until older ages.  The one exception of domestic chores remains, 

where the magnitudes are slightly stronger than in the OLS results. 

 

2.4 Differential Responses to Household Shocks 

by Child Gender  

The previous section illustrates a setting in which there is very little evidence 

of gender discrimination in the period preceding the national credit expansion (1998-

2001).  Across a wide variety of income-generating activities and using various 

empirical techniques, I find very few differences in the incidence and intensity of child 

labor by child gender for young children.  The sole exception is in domestic chores, 

where girls seem to engage in more household duties than boys even at a young age, 

and this difference grows as children mature.  By the time children reach young 

adulthood, more gender differences emerge as boys and girls seem to specialize into 

activities; girls continue work in domestic chores and non-agricultural work while 

boys spend more time in agricultural activities such as cultivating crops, tending 

livestock and farming fish and shrimp. 
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Even in this setting of equal treatment, there still might be scope for a large 

household shock to affect girls and boys differently within the household.  The 

patterns by age and gender found in the summary statistics and OLS results in the 

previous section are consistent with the idea that children are allocated to activities 

according to comparative advantage by gender.  For example, girls may be physically 

less strong than boys and thus better suited to non-agricultural activities.  Even in the 

absence of son preference on the part of parents, if there are gender differentials in 

labor productivity, we might expect that a shock to household income or household 

production may lead to different labor responses by boys than by girls.  Moreover, the 

gender differential in responses should vary by activity, as the comparative advantage 

of males over females varies from activity to activity. 

This next section will describe how the national credit expansion in Thailand 

had very different effects on households, depending on household wealth.  Increased 

credit access allows low wealth households to better smooth consumption, which may 

favor boys in the household if for example boys earn a higher return to schooling and 

thus suffer more if removed from school to work and provide additional income in 

times of need.  Middle wealth households use the credit to invest in non-agricultural 

businesses, increasing labor demand in an activity that girls may have a comparative 

advantage.  Finally, high wealth households experience an income effect due to the 

credit expansion.  If boys face higher returns to focusing on school work, they might 

stand to benefit more than girls from such an increase in income.7  The overall 

                                                           
7
 Another possibility is that boys work more than girls in the pre-expansion period (i.e. have a higher 

marginal value of leisure). 
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takeaway is that these differential responses to shocks may arise due to economic 

motives (differential labor productivity and/or returns to schooling) even in this 

environment where parents generally treat sons and daughters equally. 

 

2.4.1 Empirical Methodology 

In 2001, the Thai government launched the Thailand Village and Urban 

Revolving Fund (VF), also referred to as the Million Baht Program.  The VF is a 

large-scale, publicly-funded microfinance initiative that injected one million baht 

(about US$24,000) into each of 74,000 villages and 4,500 urban communities across 

Thailand, regardless of village population.  The total initial outlay of the program was 

US$1.8 billion (about 1.5% of Thai GDP in 2001) and was funded entirely by the 

central government.  The program was introduced as a “surprise” policy initiative, 

shortly following the dissolution of the Thai Parliament in November 2000 and the 

election of Prime Minister Thaksin Shinawatra in January 2001.  The disbursement of 

funds to villages was carried out between mid-2001 and mid-2002. 

The primary purpose of the VF initiative was to create permanent, self-

sustaining village lending institutions, although the program also included the 

provision of savings services.  Village committees were elected democratically to 

review applications and allocate funds. There is no evidence that the initial transfer 

was seen as one-off, as committees lent most of the initial funds in the first year and 

continued to lend at the same rate or higher in subsequent years.  Late payment 
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penalties were imposed and in the event of default, no future loans were to be given.  

As a consequence, the default rate on Village Fund loans is very low (ranging from 

2.3-5.3%), especially relative to other sources of borrowing.  Finally, one aim of the 

VF was to increase credit access among those with previously limited borrowing 

capabilities.  Credit was typically extended to all who applied without collateral 

requirements, loan sizes were generally capped at a low amount, and actual 

disbursements were equitable within a village.8 

As shown in Nelson (2011), the Million Baht program had very different 

effects on households, depending on initial household wealth.  These heterogeneous 

effects were driven by the nature of the fixed costs of starting up a new business (or 

investing in an existing business) and the existing (pre-intervention) market for credit, 

in which access depended positively on household wealth.  Households in the lower 

end of the initial wealth distribution experienced better consumption smoothing in 

response to the loans.  This was because the loans were too small given the 

households' existing resources to be used for entrepreneurial investment.  In contrast, 

households in the middle of the wealth distribution were more likely to own non-

agricultural businesses and invested in more non-agricultural business capital when 

they borrowed from the Village Funds created by the Million Baht Program.  Finally, 

the wealthiest households experienced an income shock as a result of the Million Baht 

Program.  These households were not credit constrained before the program was rolled 

out. However, the loans from the Village Funds came at a much lower cost than 

                                                           
8
 See Kaboski and Townsend (forthcoming) for further information about the credit injection. 
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existing loans and thus were very attractive to even unconstrained households.  These 

households could benefit from an arbitrage opportunity where they substituted away 

from high cost existing loans using the low cost Village Fund loans to the extent they 

could given the low cap on loan size.  This arbitrage opportunity generated an increase 

in household income; savings on interest rate payments for the average loan size were 

7,300 baht (80% of monthly income, experienced once per year). 

In order to estimate the causal effects of household shocks on child outcomes, I 

first categorize households into initial wealth groups to reflect the different possible 

shocks faced by the household as a consequence of the credit expansion. Households 

in initial wealth deciles 1-3 are classified as low wealth (consumption smoothing 

shock), households in deciles 4-6 as middle wealth (income and non-agricultural 

productivity shock) and deciles 7-10 as high wealth (income shock).9 

I then follow a fixed effects and instrumental variables strategy that makes use 

of the exogenous variation in credit access generated by two institutional features of 

the Million Baht Program.  First, the VF credit expansion was rolled out rapidly as a 

surprise policy initiative.  Furthermore, the order in which villages received funds was 

random and thus exogenous to individual business investment and labor decisions.  

Second, the per-capita amount of funds available varies exogenously from village to 

village because each village was given the same amount (one million baht) regardless 

of population.  Thus the second layer of variation in the instrument comes from village 

                                                           
9
 See Nelson (2011) for additional information about the initial wealth measure and defining the wealth 

groups. 
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population at the time of the injection, which ranges from 118 to 646 in the villages 

under study.10 

To construct the instruments, I begin by creating a dummy variable that takes 

the value of 1 if household i resides in a village j that has received VF funds at time t.  

I then create another variable that measures the intensity of the injection using 

1/[village \ population \ in 1997].  I then interact the two to create the base instrument 

(�	
) for household i in village j at time t: 

�	
 = ������� !"# $	
 ×
1

&'("��)�'#	'*	�����+�	,	�#	1997 

where 

�2.3�				������� !"# $	
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In the first stage, I predict the four endogenous loan variables (5!�
, 5!�
 ×

7'48���)ℎ� , 5!�
 ×��  ��8���)ℎ�) using the three instruments (��
, ��
 ×

7'48���)ℎ� , ��
 ×��  ��8���)ℎ�) and all other exogenous covariates.  The second 

stage estimation then replaces the four endogenous values with the exogenous 

predicted values. 
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 ×�G  ��8���)ℎAB �+	�HEF	�5!A
 ×����AB �		

																				+	�����
 	+ �� 	+ �
 	+ I�
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 See Nelson (2011) for an in-depth discussion of instrument validity. 
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where the “hatted” variables are predicted values from the first stage.  The 

coefficient of interest is �HEF which represents the differential response to household 

borrowing for boys versus girls.  If �HEF	 ≠ 0 then boys are treated differently than 

girls in following an increase in credit access.  To capture differences by age, I run 

these regressions separately for the following age groups: 7-9, 10-12, 13-15 and 16-18. 

In all specifications (and in both stages) of (2.4), I also include time fixed 

effects (�
) to capture the short-term, long-term and seasonal trends common to all 

households (i.e. from month 1 to 88) as well as individual fixed effects (��) to control 

for any unobserved differences between households and children that are fixed over 

time. Standard errors are clustered at the village level (the relevant level for the credit 

expansion, which was rolled out village by village) to allow for general correlations of 

shocks between children and households within the same village and over time. 

 

2.4.2 Results 

Table 5 summarizes the evidence on the various effects of the credit expansion 

by household wealth group from Nelson (2011).  Although not statistically significant, 

it appears that one effect of increased credit access for low wealth households respond 

is a reduction in the volatility of future consumption streams (columns 1 and 2).  

Middle wealth households are more likely to start up non-agricultural businesses and 

invest in more business capital stock in response to additional household borrowing 

(columns 3 and 4).  Finally, only wealthy households appear to use the loans to pay 



95 

 

down existing high cost debt (columns 5 and 6); there is no evidence of crowd out of 

existing credit sources for households in other parts of the wealth distribution.  These 

results indicate that the effects of the increase in credit access are very heterogeneous 

over the wealth distribution.  For children in low wealth households, the increase in 

credit seems to improve consumption smoothing ability.  Households in the middle of 

the wealth distribution may be richer as they start up or expand non-agricultural 

businesses, but these new or larger businesses may also represent an increase in the 

productivity of children in the household.  For high wealth households, the debt 

substitution yields higher disposable income for the family.  Thus, we can think of the 

single household-level shock of an increase in credit as effectively shocking 

households differently over the wealth distribution and therefore, we expect that the 

child labor responses may differ by household wealth as well as by child gender. 

Tables 6A and 6B display the gender- and wealth-group specific responses to 

these household shocks for the pooled sample of children of all ages.  Only boys in 

high wealth households seem to reduce overall work hours (column 2) although the 

size of the effect is not statistically significantly different from the effect for girls.  

While there are no statistically significant effects of the credit expansion on the 

likelihood that a child engages in agricultural activities (column 3), overall the effects 

for boys are statistically different from the effect for girls (p-value = 0.004).  All 

children seem to be more likely to work in non-agricultural businesses when their 

families borrow and they are in the middle of the wealth distribution (column 5), 

perhaps due to the increase in labor productivity brought about by the increased 
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business activity made possible by credit access.  Part of increase in non-agricultural 

work hours this appears to be labor reallocation (rather than an increase in overall 

work hours), as children are also less likely to work for wages outside the household 

(columns 7-8). 

Boys in middle and high wealth households increase domestic chores in 

response to increased credit access (Table 6B, column 1), and this effect is statistically 

different from that for girls.  There is some evidence that girls (but not boys) in middle 

wealth households are more likely to go to school and increase school attendance 

when their families borrow.  Interestingly, all children of low and high wealth 

households are more likely to be sick when households borrow, although the 

mechanism for this is not yet clear.11  The most important takeaway is that for the 

entire sample of children of all ages, the differential responses by child gender seem to 

appear in agricultural and domestic chores activities, ones in which the summary 

statistics and OLS results presented in the earlier section suggest there might be a 

comparative advantage accruing to one gender over the other. 

This stands in contrast to the evidence presented in Table 7, which focuses 

only on children ages 7-9.  Note that because so few children work in this age group, 

results for individual work activities are not presented here.  The results  in columns 1 

and 2 indicate that children of both genders in high wealth households reduce the 

                                                           
11

 The timing of the regression is such that health status in month $t$ responds to borrowing in month 

$t$.  One potential explanation is that if children are sick in month $t$ and their households have better 
access to credit in the same month, they are more likely to seek treatment for the illness and therefore 
more likely to recall the illness in the first place.  This selective recall bias may help explain these 
counterintuitive results.  Note, however, that reverse causality (child illness causing increases in 
household borrowing) is not likely to be an issue here, as the specification in (2.4) makes use of the 
exogenous variation in borrowing coming from the introduction of the Million Baht program. 



97 

 

likelihood of work and work hours when households borrow (although the effect on 

the hours margin is only statistically significant for boys). Children of middle and high 

wealth households benefit from increased credit access because they are less likely to 

perform domestic chores for fewer days per month (column 4).  Even though the effect 

is only statistically significant for boys, it is not statistically different from the effect 

for girls.  Finally, both boys and girls seem less likely to attend school at the bottom of 

the wealth distribution (column 5). 

The most striking gender differences in child labor responses to household 

shocks arise for children aged 10-12 (Tables 8A and 8B).  Columns 1 and 2 of Table 

8A indicate that girls in the middle of the wealth distribution are more likely to work 

and work more hours in response to increased household borrowing, while boys in the 

bottom and the top of the wealth distribution seem to benefit from the credit expansion 

as the incidence and intensity of child labor falls. Moreover, these gender differences 

are significant at the 5% level.  Columns 5 and 6 illustrate that the increase in girls' 

overall work hours largely comes from increases in non-agricultural work hours; girls 

from all points in the wealth distribution appear to increase labor while only boys in 

the middle of the wealth distribution face increased work hours.  There are few 

statistically significant effects on domestic chores, schooling and health (Table 8B), 

with the exception of the school attendance of boys in the high end of the wealth 

distribution (columns 3 and 4).  Yet overall the effect of credit on school for boys is 

not statistically significant from that on girls. 
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For slightly older children (ages 13-15), we see that boys and girls alike are 

less likely to work following household borrowing in the low and middle parts of the 

wealth distribution (Table 9A, columns 1 and 2).  This decrease comes largely from a 

reduction in agricultural work hours, an effect which is statistically larger for girls 

than for boys (column 4).  Children in this age group are more likely to perform 

domestic chores and spend more time doing so when their households borrow, but this 

effect is only significant for boys at the middle or high part of the wealth distribution 

and the effect is larger for boys (Table 9B, columns 1 and 2).  Interestingly, girls in 

middle wealth households are also 3.8 percentage points  more likely to attend school 

(columns 3 and 4), perhaps due to the decrease in agricultural work hours. On the 

other hand, boys are less likely to attend school and attend school fewer days in 

response to household borrowing at the top of the wealth distribution, which might be 

explained by the increase in time spent in domestic chores.  Overall, the effects on 

domestic chores and schooling are statistically significantly different for boys and 

girls.  Boys and girls both are more likely to be sick when households borrow at the 

bottom end of the wealth distribution.12 

Finally, for the oldest age group of children (ages 16-18), there are few 

significant effects of credit access on child outcomes (Tables 10A and 10B).  Girls 

seem slightly less likely to work in various activities (columns 3, 5, and 7 of Table 

10A) although the effect for boys is not statistically different from that of girls.  The 

only gender differences in responses are found in domestic chores (Table 10B, 
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 See previous footnote for possible explanation of this result. 
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columns 1 and 2).  Girls are less likely to spend time in domestic chores for middle 

and high wealth households (significant only for middle wealth households) and these 

effects are different from that of boys. 

Overall, the findings in Tables 6-10 indicate that there are indeed differential 

responses to access to credit depending on child age and gender.  The gender 

differences are starkest for the 10-12 age group.  For this age group it appears that 

while boys benefit from the credit expansion by reducing work hours, girls are more 

likely to work and work more hours in response to household borrowing. These results 

mirror results found in many studies of children in South and Southeast Asia, where 

gender discrimination on the part of parents has been the most popular explanation.  

However, I find these differential responses even in Thailand, a setting where there 

appears to be very little evidence of gender discrimination.  Thus, in the next section I 

attempt to provide alternate explanations for why we might expect households to treat 

girls and boys differently in response to a shock even in the absence of underlying 

gender discrimination. 

 

2.5 Explanations for Differential Gender 

Responses: Suggestive Evidence 

The evidence presented in the previous section indicates that households treat 

sons and daughters very differently in response to household shocks, despite the fact 

that there does not appear to be underlying gender preferences on the part of parents 
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under normal circumstances.  Why does this occur?  In this section, I investigate two 

potential explanations for differential treatment of boys and girls in response to 

shocks: gender differences in labor productivity and returns to education.  I then 

present suggestive evidence that these explanations, and not gender preferences, drive 

the results in the previous section. 

 

2.5.1 Differences in Labor Productivity 

To capture differences in labor productivity by gender, I estimate sex-specific 

returns to labor across a variety of activities.  To estimate these returns, I implement 

the following regression separately for each income-generating activity $k$ (non-

agricultural household businesses and agricultural household activities): 

				�2.5�				����#"��K
 = L,K	����8'2MN'"2$�K
 	+	L;,K	!�3���8'2MN'"2$�K
	

																																														+	LO,K	N�2� 8'2MN'"2$�K
 	+ �����
 	+ �� 	+ �
 	+ 	��K
 

where ����#"��K
 is the monthly revenue of activity k in household h in 

month t; ����8'2MN'"2$�K
 and !�3���8'2MN'"2$�K
 are the total number of 

labor hours of adult men and women within the household devoted to activity k in 

household h in month t; respectively; N�2� 8'2MN'"2$�K
 is the total number of 

hired work hours devoted to activity k in household h in month t; (not defined for 

work performed outside the household)13; ��
 is a vector of household-specific time-

                                                           
13

 Note that currently, this includes household labor only because the gender of hired workers is not 

observed.  This may create some measurement issues, as larger, more productive businesses may be 
more likely to hire in workers.  This will overstate the marginal productivity of all household workers in 
these households.  However, as long as the labor split between female and male household members is 
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varying characteristics; �� and �
 capture unobserved household- and time-specific 

unobservables; and ��K
 captures the remaining unobservables.  Although not shown 

in equation (2.5) above, the specification also includes quadratic terms of 

����8'2MN'"2$�K
 and !�3���8'2MN'"2$�K
 to allow for diminishing marginal 

returns to each type of labor.  Standard errors are clustered at the household level. 

The coefficients of interest are L,K and L;,K which represent the marginal 

productivity of male and female workers, respectively.  These coefficients are allowed 

to vary by activity.  If L,K = L;,K, then there is no evidence that men and women 

have different productivities within activity k.  Note that since the revenue generated 

from domestic chores is not observable, I cannot estimate the returns to labor for this 

activity. 

For returns to labor for employment outside the household, I use adult wages 

to proxy for marginal productivity of labor.  I then measure the difference in wages for 

males and females, conditional on observed individual and family characteristics using 

the following specification: 

�2.6�				7'+8�+���
 = Q	����� 	+ �����
 	+ �� 	+ �
 	+ 	��
 

where '+8�+���
 is the hourly wage earned by individual i in village j; ����� 

is a dummy variable that takes the value of 1 if the individual is male; ��
 represent 

individual- and family-level characteristics; and �� and �
 capture unobserved 

household- and time-specific unobservables.  Standard errors are clustered at the 

household level. 

                                                                                                                                                                       

not different in households who hire in labor versus those who do not hire in labor, the differences in 

productivity across gender (L,K − L;,K) should be unbiased. 
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One considerable estimation issue with the approaches in (2.5) is the 

possibility that household labor supply is endogenous; there might be unobservable 

factors that determine both household labor supply and revenue.  For example, more 

highly motivated households may have both better workers and more productive 

businesses for other reasons.  Moreover, there may be selection bias introduced by the 

fact that revenue and wages in (2.5) and (2.6) are observed only for those who engage 

in these activities and presumably those who are best suited to the activity.  To the 

extent that these factors are controlled for with the inclusion of �� and �
, these 

unobservables do not pose a problem.  However, if there are time-varying 

unobservable characteristics that jointly determine both labor supply and agricultural 

and non-agricultural performance, then the estimates of L,K	 and L;,K	will be biased. 

 

One way to deal with the selection issue in (2.6) is to implement a Heckman 

selectivity correction as follows. First, I estimate a participation equation, where the 

instrument for labor force participation is the existence of a child under the age of 2.  

Having a child under the age of 2 is likely to affect the decision whether or not to 

work, particularly for women, but is unlikely to affect the wages they receive 

conditional on work status and age.  The first step is thus to estimate the model 

�2.7�				Pr	�8'2M��
 	= 	1	|Vℎ�� W# �22�
 , ��
� = Φ�Y	Vℎ�� W# �22�
 	+ �����
� 

where 8'2M��
 is equal to one individual i in household h currently works for 

a wage in month t; Vℎ�� W# �22�
 is a dummy variable that takes the value of 1 if 

there is a child aged 2 years or less in household h in month t; and ��
 represent 
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individual- and family-level characteristics.  Standard errors are clustered at the 

household level. 

I then use the estimates of YZ and �[�  to calculate the predicted probability of 

working conditional on Vℎ�� W# �22�
 and ��
.  I then include this predicted 

probability, or Inverse Mills Ratio, \A
< = Φ@YZ	Vℎ�� W# �22�
 	+ �[� ��
C in the 

second stage, where I estimate the following equation on the restricted sample of 

working adults: 

�2.8�				7'+8�+���
 = Q	����� 	+ �����
 + \A
< + �� 	+ �
 	+ 	��
 

Now Q captures the selectivity-corrected wage gap between males and 

females.  Note that the probit estimation in the first stage does not allow for the 

inclusion of household or month fixed effects (��). 

 

Columns 1-3 of Table 11 displays the estimates of L,K	 and L;,K across all 

activities as well as for each activity.  Overall and in each income-generating activity 

performed within the household, men appear to be more productive on the margin than 

women.  In agricultural activities, they produce over 50 baht worth more of revenue 

per hour than women workers do (ignoring the quadratic terms), while the difference 

for agricultural work is closer to 37 baht per hour.14  Columns 4 and 5 of Table 11 

shows that men also appear to be more productive than women (QZ>0) for labor 

outside the household.  They earn approximately 9.7 to 10.5 percent baht per hour 

                                                           
14

 Although statistically significant for the specification in column 1, the quadratic labor terms included 

in Table 11 are not generally significant, statistically or economically.  For the relevant range of hours 
worked per month, the labor productivity of men is always higher than that of women. Thus in this 
section I do not focus on the quadratic terms. 
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more than women, depending on whether the fixed effects (column 4) or the Heckman 

Selection correction (column 5) procedure is used.  Note that the selectivity correction 

term is not significant in column 5, and the two procedures yield fairly similar 

estimates of the gender wage gap.  More importantly, it appears that men have a 

comparative advantage in agricultural work within the household while women have a 

comparative advantage in non-agricultural work (comparing 50 baht per hour to 37 

baht per hour). This is consistent with the finding in the previous section that girls (in 

age group 10-12) are allocated to work in non-agricultural businesses when 

households open or expand non-agricultural businesses in response to increased access 

to credit. 

 

To see whether these productivity differences explain the differential responses 

to shocks by gender found in the previous section, I first estimate activity-, village- 

and gender-specific returns to labor.  To do so, I estimate the following regressions 

separately for each village j and each activity k: 

�2.9�				����#"��K
 = L,K,		����8'2MN'"2$�K
 	+	L;,K,		!�3���8'2MN'"2$�K
	

																																													+	LO,K,		N�2� 8'2MN'"2$�K
 	+ �����
 	+ �� 	+ �
 	+	��K
 

�2.10�				7'+8�+���
 = Q,	 	����� 	+ �����
 + \A
< + �� 	+ �
 	+ 	��
 

The coefficients L,K,	 and L;,K,		 represent the village- and activity-specific 

marginal productivity of male and female workers, respectively. Q,	 measures the 

gender wage gap by village to capture productivity differences in work outside the 
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household.15  Given the insignificance of the selection correction term and the fact that 

the Heckman and fixed effect procedures yield very similar estimates, QZ,	 is 

calculated using the Heckman selection procedure described above. 

I then use the estimates of L,K,	 and L;,K,	 and Q,	 to test whether they can 

explain the differential gender responses as follows: 

�2.11�				��
 =	�:;	5!<�
 	+ 	�=>?	@5!A
 × 7'48���)ℎAB C																																																				 

			+	��DDEF	�5!A
 ×�G  ��8���)ℎAB �+	�HEF	�5!A
 ×����AB �		

																			+	�^_�5!�
 × L,K,	� + �^`�5!�
 × L;,	,K� +	�����
 	+ �� 	+ �
 	+ I�
		 

Recall that	��
 measures child labor across various activities.  The above 

equation repeats (2.11) but also allows the effect of the loans on the child vary by the 

gender-specific labor productivities L,K,	 and L;,K,	 and Q,	  in the village.  Note 

that when 	��
 measures child work hours in outside employment, Q,	rather than 

L,K,	 and L;,K,	 is included in the regression.  If � ≠ 0, then it suggests that after 

controlling for productivity differences, boys and girls are not treated differently in 

response to household shocks. 

Table 12 displays the results of estimating (2.11) for all economic-generating 

activities.  After controlling for labor productivity differentials between men and 

women across activities, the effects of loans on work hours of girls and boys are no 

longer statistically different.  Although children in middle wealth households are still 

more likely to work and work more hours when their families borrow more, the 

                                                           
15

 Results not shown but available upon request. 
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patterns in responses across genders are very similar.  Thus, even in the face of the 

endogeneity concerns discussed above, there is suggestive evidence that some of the 

differences in responses to shocks by child gender are likely to be driven differences 

in labor productivities across gender. 

 

2.5.2 Differential Returns to Schooling  

Another possible explanation for preferential treatment of boys over girls, 

particularly in educational investments, is the relatively low return to education for 

girls.  Indeed some studies find evidence that the not only is the labor market return to 

schooling higher for boys but that in parts of the developing world, girls with higher 

levels of education are more difficult to find suitable husbands for, as husbands must 

be at least as educated as their wives (Caldwell et al. 1985). This might induce parents 

to be more likely to sacrifice their daughters' human capital accumulation and work 

them more than their sons. However, there is some debate as to whether returns may 

actually be higher for women (Psacharopoulos 1985, Warunsiri and McNown 2010). 

To see whether returns to education might explain the differential child labor 

responses to household shocks by gender, I first estimate the returns to education for 

adult men and women using Mincer regressions with individual fixed effects as 

follows, allowing the return to be different for men and women. 

�2.12�				7'+8�+���
 = abc×HEF�d "��)�'#�
 × 	������																																																 

																																		+	abcd "��)�'#�
 + �����
 + �� 	+ �
 	+ 	��
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where	d "��)�'#�
is the education level of individual i in month t, ����� is a 

dummy variable that takes the value of 1 if the individual is male; ��
 represent 

individual- and family-level characteristics; and �� controls for individual-level time-

invariant unobservables.  Standard errors are clustered at the individual level. 

To account for selection issues that arise due to the fact that wages are 

observed only for those who choose to work, I again implement a Heckman selectivity 

correction, using the same instrument as before (the existence of a child under the age 

of 2).  Thus the first step in the procedure is the same as presented in (2.7).  In the 

second stage, I include the Inverse Mills Ratio, \A
<  when I estimate the following 

regression on the restricted sample of working adults: 

 

 

�2.13�				7'+8�+���
 = abc×HEF�d "��)�'#�
 × 	������																																																 

																																		+	abcd "��)�'#�
 + �����
 +	\A
< 	+ �
 	+ 	��
 

Now abc×HEF captures the selectivity-corrected difference between the return 

to education for males and females.  Note that the probit estimation in the first stage 

does not allow for the inclusion of household or month fixed effects ��.  This presents 

a potential estimation problem, as the level of education chosen by each individual is 

likely to be endogenous.  In contrast, in (2.12) this endogeneity is in part reduced by 

the individual fixed effect.  Thus while the procedure described in (2.13) reduces 

sample selection bias, it is likely to suffer from more endogeneity bias than the 

procedure in (2.12). 
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Table 13 displays the results of estimating equation (2.12) and (2.13) on the 

entire sample of adults.  When controlling for time-invariant unobservable 

characteristics at the individual level, adult males face a 6.4 percent higher return to 

education on the job market than women (significant at the ten percent level).  There 

appears to be no significant return to schooling for women.  After controlling for 

selection using the two-step Heckman procedure, each additional level of education 

(for example, finishing secondary school) earns men approximately 17.9 percent 

higher hourly wages while an additional level of education for women yields only a 9 

percent increase in hourly wages (column 2).  The main takeaway from the results in 

Table 13 is that men earn a significantly higher return to education than women (in the 

range of 6.4 to 8 percent).  This is consistent with the results in the previous section, as 

parents are more likely to work their daughters in response to an increase in household 

business investment. 

However, these results must be interpreted with caution for several reasons.  

First, (2.12) and (2.13) are estimated only using wage data for employment outside the 

household and thus may not properly capture the returns to schooling for household 

businesses and farms.  Second, the specification in (2.12}) can only control for fixed 

unobserved differences; if there are any unobserbable characteristics that jointly 

determine wages and education that change over time, d "��)�'#�
 and 

d "��)�'#�
 × 	����� are endogenous and (2.12) will yield biased estimates of the 

true return to education.  Moreover, the fixed effects regression does not control for 

the bias introduced by selection into the workforce.  Finally, while the estimates in 

(2.13) can correct for such selection bias, estimates using the Heckman selectivity 
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correction approach may be subject to bias due to the endogeneity associated with 

education levels.  That said, given that the estimates of the difference in the returns to 

education for men and women are very similar using each approach, it seems likely 

that the results in Table 13 are still informative. 

To test whether differences in the returns to education may explain the 

differential responses to shocks by gender found in the previous section, I first 

estimate the following regression separately for each village j using the Heckman 

selectivity approach: 

�2.13�				7'+8�+���
 = abc×HEF,	�d "��)�'#�
 × 	������																																														 

																																		+	abcd "��)�'#�
 + �����
 +	\A
< 	+ �
 	+ 	��
 

 

The coefficient abc×HEF represents the difference in the returns to education 

for males versus females for village $j$.16 

I then use the estimates of abc×HEF,	 to test whether they can explain the 

differential gender responses as follows: 

�2.15�				��
 =	�:;	5!<�
 	+ 	�=>?	@5!A
 × 7'48���)ℎAB C																																																				 

																														+	��DDEF	�5!A
 ×�G  ��8���)ℎAB �+	�HEF	�5!A
 ×����AB �		

																			+	�bDef�5!�
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 	+ �� 	+ �
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Recall that	��
 measures child labor across various activities.  The above 

equation repeats (2.11) but also controls for the differential returns to schooling for 
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 Results not shown but available upon request. 
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boys and girls at the village level (abc×HEF,	�.  If � ≠ 0, then it suggests that after 

controlling for differences in the returns to education, boys and girls are not treated 

differently in response to household shocks.   

Table 14 displays the results of estimating (2.15) for children ages 10-12, the 

age group that displayed the starkest differential responses by gender in section 4.  

After controlling for differences in the returns to education between men and women, 

the effects of loans on work hours of girls and boys are no longer statistically 

different.  Children in middle wealth households are still more likely to work and work 

more hours when their families borrow more, but the patterns in responses across 

genders are very similar for all activities.  Therefore, Table 12 yields suggestive 

evidence that some of the differences in responses to shocks by child gender may also 

be driven differences in returns to schooling across gender, subject to the caveats 

discussed above. 

 

2.6 Discussion and Conclusion 

The results in the previous section shed light on the existence or lack thereof of 

parents' preferential treatment of sons over daughters.  I show that under normal 

circumstances (before the implementation of a national credit expansion), boys and 

girls are generally treated equally in terms of labor hours, schooling and health status.  

However, as they mature, children seem to specialize into different activities; boys 

tend to work in agricultural production while girls spend more time in domestic 

chores. Even in this setting of equal treatment, the large household shocks introduced 
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by the Million Baht Program induced households to respond to shocks very differently 

for female children and male children, particularly for children ages 10-12.   For this 

age group, boys seem to benefit from the credit expansion by reducing work hours, 

girls are more likely to work and work more hours in response to household 

borrowing, specifically in non-agricultural household businesses. 

While the differential responses across genders are initially puzzling given the 

equal treatment of boys and girls in the pre-shock period, I highlight gender 

differences in labor productivity and returns to schooling as two possible explanations.  

First, I give suggestive evidence that girls appear to have a comparative advantage in 

non-agricultural household work and posit that when the credit expansion induces 

households to start up and invest in non-agricultural businesses, they largely draw 

from female labor supply because of this comparative advantage.  I then show that 

once this difference in productivity is controlled for, there is no gender difference in 

the child labor response to an increase in household borrowing.  Second, I show that 

men earn a higher rate of return on schooling investments than women, which is 

consistent with the notion that it is more costly to increase boys' work hours than girls'.  

Once I control for the differences in the return to education, there is no statistically 

significant difference in the child labor response to an increase in household 

borrowing for boys and girls. 

These results help us interpret the existing literature on sex discrimination in 

several ways.  First, they provide additional evidence that even when parents allocate 

resources across genders equally under normal circumstances (Deaton 1997, Duflo 
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2005), investment decisions may be gender-biased when households are hit with an 

unexpected shock.  Second, they present suggestive evidence that even in the absence 

of son preference, parents may engage in gender-biased investments for largely 

economic reasons rather than preferences alone. 
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Table 2.1A. Summary Statistics. Child Outcomes for Boys versus Girls, Age 7 

Boys Girls 

Difference 

(Girls-Boys) 

t-statistic for 

difference 

N Mean N Mean 

Any Work 73 0.000 71 0.014 0.014 1.01 

Total Work Hours 73 0.000 71 0.388 0.388 1.01 

Any Agricultural 

Work 73 0.000 71 0.014 0.014 1.01 

Agricultural Work 

Hours 73 0.000 71 0.388 0.388 1.01 

Any Non-Agricultural 

HH Work 73 0.000 71 0.000 0.000 na 

Non-Agricultural HH 

Work Hours 73 0.000 71 0.000 0.000 na 

Any Outside 

Employment 73 0.000 71 0.000 0.000 na 

Outside Employment 

Work Hours 73 0.000 71 0.000 0.000 na 

Any Domestic Chores 73 0.082 71 0.155 0.073 1.35 

Domestic Chore Days 73 1.107 71 2.431 1.323 1.33 

Attends School 73 1.000 71 0.972 -0.028 -1.44 

School Attendance 

(days) 73 20.737 71 19.622 -1.12** -2.01 

Child is sick (current 

month) 73 0.137 71 0.056 -0.081 -1.64 

Child has been sick in 

past year 73 0.575 71 0.592 0.016 0.20 

+ Statistically significant difference driven by a very low number of observations 

* indicates significance at the 0.10 level; ** indicates significance at the 0.05 level; *** indicates 

significance at the 0.01 level 
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Table 2.1B. Summary Statistics. Child Outcomes for Boys versus Girls, Age 9 

Boys Girls 

Difference 

(Girls-Boys) 

t-statistic for 

difference 

N Mean N Mean 

Any Work 72 0.042 74 0.000 -0.042* -1.78+ 

Total Work Hours 72 1.145 74 0.000 -1.145 -1.31 

Any Agricultural 

Work 72 0.042 74 0.000 -0.042* -1.78+ 

Agricultural Work 

Hours 72 1.145 74 0.000 -1.145 -1.31 

Any Non-

Agricultural HH 

Work 72 0.000 74 0.000 0.000 na 

Non-Agricultural 

HH Work Hours 72 0.000 74 0.000 0.000 na 

Any Outside 

Employment 72 0.000 74 0.000 0.000 na 

Outside 

Employment 

Work Hours 72 0.000 74 0.000 0.000 na 

Any Domestic 

Chores 72 0.264 74 0.203 -0.061 -0.87 

Domestic Chore 

Days 72 3.725 74 4.617 0.892 0.60 

Attends School 72 0.972 74 1.000 0.028 1.44 

School Attendance 

(days) 72 19.619 74 20.924 1.31* 1.86 

Child is sick 

(current month) 72 0.125 74 0.095 -0.030 -0.58 

Child has been 

sick in past year 72 0.514 74 0.486 -0.027 -0.33 

+ Statistically significant difference driven by a very low number of observations 

* indicates significance at the 0.10 level; ** indicates significance at the 0.05 level; *** indicates 

significance at the 0.01 level 
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Table 2.1C. Summary Statistics. Child Outcomes for Boys versus Girls, Age 12 

Boys Girls 

Difference 

(Girls-Boys) 

t-statistic for 

difference 

N Mean N Mean 

Any Work 70 0.057 63 0.111 0.054 1.13 

Total Work 

Hours 70 5.359 63 5.841 0.482 0.10 

Any Agricultural 

Work 70 0.029 63 0.079 0.051 1.31 

Agricultural 

Work Hours 70 0.336 63 3.185 2.85* 1.85 

Any Non-

Agricultural HH 

Work 70 0.029 63 0.048 0.019 0.57 

Non-Agricultural 

HH Work Hours 70 5.024 63 2.323 -2.701 -0.64 

Any Outside 

Employment 70 0.000 63 0.016 0.016 1.05 

Outside 

Employment 

Work Hours 70 0.000 63 0.334 0.334 1.05 

Any Domestic 

Chores 70 0.329 63 0.714 0.386*** 4.78 

Domestic Chore 

Days 70 6.255 63 16.501 10.2*** 5.04 

Attends School 70 0.943 63 0.984 0.041 1.25 

School 

Attendance 

(days) 70 19.205 63 20.219 1.014 1.07 

Child is sick 

(current month) 70 0.057 63 0.048 -0.010 -0.24 

Child has been 

sick in past year 70 0.457 63 0.476 0.019 0.22 

+ Statistically significant difference driven by a very low number of observations 

* indicates significance at the 0.10 level; ** indicates significance at the 0.05 level; *** 

indicates significance at the 0.01 level 
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Table 2.1D. Summary Statistics. Child Outcomes for Boys versus Girls, Age 15 

Boys Girls 

Difference 

(Girls-Boys) 

t-statistic for 

difference 

N Mean N Mean 

Any Work 68 0.294 63 0.222 -0.072 -0.93 

Total Work Hours 68 26.012 63 31.567 5.555 0.43 

Any Agricultural 

Work 68 0.235 63 0.143 -0.092 -1.34 

Agricultural Work 

Hours 68 14.494 63 17.456 2.961 0.32 

Any Non-

Agricultural HH 

Work 68 0.015 63 0.048 0.033 1.09 

Non-Agricultural 

HH Work Hours 68 0.422 63 6.871 6.449 1.49 

Any Outside 

Employment 68 0.074 63 0.048 -0.026 -0.61 

Outside Employment 

Work Hours 68 11.096 63 7.240 -3.856 -0.45 

Any Domestic 

Chores 68 0.662 63 0.857 0.195*** 2.65 

Domestic Chore 

Days 68 14.719 63 22.739 8.02*** 3.80 

Attends School 68 0.868 63 0.825 -0.042 -0.67 

School Attendance 

(days) 68 17.656 63 16.507 -1.149 -0.82 

Child is sick (current 

month) 68 0.044 63 0.063 0.019 0.49 

Child has been sick 

in past year 68 0.338 63 0.270 -0.068 -0.85 

+ Statistically significant difference driven by a very low number of observations 

* indicates significance at the 0.10 level; ** indicates significance at the 0.05 level; *** 

indicates significance at the 0.01 level 
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Table 2.1E. Summary Statistics. Child Outcomes for Boys versus Girls, Age 18 

Boys Girls 

Difference 

(Girls-Boys) 

t-statistic for 

difference 

N Mean N Mean 

Any Work 52 0.577 44 0.386 -0.191* -1.88 

Total Work 

Hours 52 71.211 44 41.469 -29.7* -1.77 

Any Agricultural 

Work 52 0.365 44 0.205 -0.161* -1.74 

Agricultural 

Work Hours 52 37.848 44 16.546 -21.3* -1.66 

Any Non-

Agricultural HH 

Work 52 0.019 44 0.000 -0.019 -0.92 

Non-Agricultural 

HH Work Hours 52 2.151 44 0.000 -2.151 -0.92 

Any Outside 

Employment 52 0.231 44 0.182 -0.049 -0.58 

Outside 

Employment 

Work Hours 52 31.213 44 24.923 -6.290 -0.48 

Any Domestic 

Chores 52 0.692 44 0.955 0.262*** 3.44 

Domestic Chore 

Days 52 15.870 44 25.548 9.68*** 4.21 

Attends School 52 0.442 44 0.432 -0.010 -0.10 

School 

Attendance 

(days) 52 8.132 44 9.326 1.194 0.57 

Child is sick 

(current month) 52 0.115 44 0.023 -0.093* -1.75 

Child has been 

sick in past year 52 0.288 44 0.273 -0.016 -0.17 

+ Statistically significant difference driven by a very low number of observations 

* indicates significance at the 0.10 level; ** indicates significance at the 0.05 level; *** 

indicates significance at the 0.01 level 
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Table 2.2. Conditional Gender Differentials (Boys-Girls). OLS Coefficients on Male 

Dummy Variable 

All Ages Ages 7-9 Ages 10-12 Ages 13-15 Ages 16-18 

Any Work 0.007 0.003 -0.009 0.011 0.044 

(0.016) (0.005) (0.023) (0.033) (0.055) 

Total Work 

Hours -2.175 0.239 0.755 -2.770 -15.539 

(3.135) (0.227) (3.154) (5.228) (14.636) 

Any 

Agricultural 

Work 0.027** 0.002 0.006 0.029 0.137*** 

(0.012) (0.004) (0.011) (0.026) (0.039) 

Agricultural 

Work Hours 1.617 0.241 0.724 2.430 5.990 

(1.291) (0.227) (0.511) (3.285) (3.718) 

Any Non-

Agricultural HH 

Work -0.013 na -0.010 -0.011 -0.076* 

(0.011) (0.021) (0.021) (0.039) 

Non-

Agricultural HH 

Work Hours -2.916 na 0.069 -3.602 -22.330* 

(2.292) (3.098) (2.625) (12.060) 

Any Outside 

Employment -0.004 0.001 -0.003 0.002 -0.010 

(0.011) (0.001) (0.003) (0.019) (0.046) 

Outside 

Employment 

Work Hours -0.933 -0.002 -0.038 -1.594 0.299 

(2.193) (0.006) (0.323) (3.671) (9.976) 

Number of 

observations 20,317 6,010 5,701 5,796 2,810 

* indicates significance at the 0.10 level; ** indicates significance at the 0.05 level; *** 

indicates significance at the 0.01 level 

Notes. All regressions conditional on age, age squared, age and education of household 

head, average age and education of household members, total number of household 

members, ratio of female to male members, number of children, number of male children, 

village fixed effects, time (month) fixed effects.  Standard errors are clustered at the child 

level. 
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Table 2.2. Conditional Gender Differentials (Boys-Girls). OLS Coefficients on Male 

Dummy Variable, Continued  

All Ages Ages 7-9 Ages 10-12 Ages 13-15 Ages 16-18 

Any Domestic 

Chores -0.212*** -0.074** -0.282*** -0.267*** -0.290*** 

(0.022) (0.030) (0.045) (0.039) (0.048) 

Domestic Chore 

Days -6.044*** -1.755*** -7.104*** -8.409*** -8.773*** 

(0.556) (0.565) (1.063) (1.068) (1.266) 

Attends School 0.003 -0.007 -0.002 (0.038) 0.021 

(0.018) (0.010) (0.014) (0.041) (0.068) 

School 

Attendance 

(days) 0.127 0.076 -0.009 0.168 0.390 

(0.321) (0.184) (0.276) (0.680) (1.230) 

Child is sick 

(current month) 0.011 0.030* 0.005 -0.004 -0.002 

(0.007) (0.016) (0.012) (0.010) (0.015) 

Child has been 

sick in past year -0.004 0.099* -0.054 -0.069 -0.071 

  (0.031) (0.056) (0.053) (0.048) (0.066) 

Number of 

observations 20,317 6,010 5,701 5,796 2,810 

* indicates significance at the 0.10 level; ** indicates significance at the 0.05 level; *** 

indicates significance at the 0.01 level 

Notes. All regressions conditional on age, age squared, age and education of household 

head, average age and education of household members, total number of household 

members, ratio of female to male members, number of children, number of male children, 

village fixed effects, time (month) fixed effects.  Standard errors are clustered at the child 

level. 

 

 

 

 

 

 

 

 

 

 



123 
 

 

Table 2.3. Conditional Gender Differentials (Boys-Girls). OLS Coefficients on Male 

Dummy Variable for Very Young Children 

Dependent variable. Child has 

been sick during last month 

Dependent variable. Child has 

been sick during last year 

Ages 0-2 Ages 0-1 Ages 0-2 Ages 0-1 

Male 0.101*** 0.155*** 0.309*** 0.384*** 

(0.029) (0.047) (0.072) (0.107) 

Age (in months) -0.001 -0.006 0.009 0.082** 

(0.005) (0.025) (0.009) (0.036) 

Age Squared 0.000 0.000 -0.000 -0.005* 

(0.000) (0.002) (0.000) (0.003) 

Age of HH Head -0.000** -0.001** -0.000 -0.000 

(0.000) (0.000) (0.000) (0.000) 

Education of HH 

Head -0.016 -0.048 -0.122*** -0.167** 

(0.020) (0.034) (0.042) (0.071) 

Average Age in 

HH 0.002 0.007 -0.013* -0.022** 

(0.004) (0.005) (0.007) (0.011) 

Average 

Education in HH -0.010 -0.012 -0.020 0.016 

(0.010) (0.014) (0.020) (0.038) 

Household Size 0.009 -0.003 0.045*** 0.031* 

(0.006) (0.010) (0.013) (0.018) 

Ratio of Female to 

Male HH 

Members 0.125 0.142 0.142 -0.097 

(0.077) (0.112) (0.180) (0.298) 

Number of 

Children -0.003 0.047** -0.016 0.069 

(0.018) (0.022) (0.042) (0.056) 

Number of Male 

Children -0.007 -0.034 -0.100* -0.201** 

(0.027) (0.038) (0.057) (0.082) 

Constant 0.686*** 0.756** 1.223*** 0.983** 

  (0.152) (0.362) (0.276) (0.419) 

Number of 

observations 2,575 905 2,575 905 

* indicates significance at the 0.10 level; ** indicates significance at the 0.05 level; *** 

indicates significance at the 0.01 level 

Notes. All regressions conditional on village fixed effects, time (month) fixed effects.  

Standard errors are clustered at the child level. 
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Table 2.4. Within Family Gender Differentials (Boys-Girls). Fixed Effects Coefficients on Male 

Dummy Variable 

All Ages Ages 7-9 Ages 10-12 Ages 13-15 Ages 16-18 

Any Work 0.022 -0.006 0.000 0.028 0.095* 

(0.018) (0.008) (0.010) (0.039) (0.050) 

Total Work Hours 1.621 -0.186 1.303 8.036 7.300 

(3.111) (0.189) (1.064) (8.028) (7.470) 

Any Agricultural 

Work 0.027* -0.007 0.005 0.035 0.098** 

(0.015) (0.007) (0.008) (0.051) (0.049) 

Agricultural Work 

Hours 1.680 -0.180 0.829 11.173 6.233 

(1.616) (0.188) (0.645) (8.711) (6.724) 

Any Non-

Agricultural HH 

Work -0.008 na -0.001 -0.001 -0.017 

(0.006) (0.001) (0.002) (0.019) 

Non-Agricultural 

HH Work Hours -1.137 na 0.775 0.178 0.321 

(1.348) (0.722) (0.254) (1.404) 

Any Outside 

Employment 0.006 0.002 -0.006 -0.009 0.028 

(0.013) (0.002) (0.005) (0.018) (0.027) 

Outside 

Employment Work 

Hours 1.056 -0.005 -0.301 -3.303 0.424 

(2.518) (0.015) (0.278) (4.115) (4.259) 

Number of 

observations 20,317 6,010 5,701 5,796 2,810 

* indicates significance at the 0.10 level; ** indicates significance at the 0.05 level; *** indicates 

significance at the 0.01 level 

Notes. All regressions conditional on age, age squared, age and education of household head, 

average age and education of household members, total number of household members, ratio of 

female to male members, number of children, number of male children, family fixed effects, time 

(month) fixed effects.  Standard errors are clustered at the child level. 
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Table 2.4. Within Family Gender Differentials (Boys-Girls). Fixed Effects Coefficients on Male 

Dummy Variable, Continued 

All Ages Ages 7-9 Ages 10-12 Ages 13-15 Ages 16-18 

Any Domestic 

Chores -0.238*** -0.137*** -0.384*** -0.244*** -0.232*** 

(0.021) (0.051) (0.067) (0.052) (0.064) 

Domestic Chore 

Days -6.688*** -2.302** -10.155*** -7.315*** -7.645*** 

(0.504) (0.902) (1.850) (1.568) (1.602) 

Attends School -0.011 0.021 0.039 -0.021 -0.125 

(0.022) (0.018) (0.034) (0.064) (0.098) 

School Attendance 

(days) -0.155 0.288 0.494 -0.030 -1.876 

(0.397) (0.337) (0.641) (1.135) (1.889) 

Child is sick 

(current month) 0.011 0.028 0.009 0.026 0.023 

(0.008) (0.026) (0.018) (0.016) (0.036) 

Child has been sick 

in past year -0.008 0.114 -0.023 0.102 -0.115 

  (0.030) (0.084) (0.096) (0.076) (0.099) 

Number of 

observations 20,317 6,010 5,701 5,796 2,810 

* indicates significance at the 0.10 level; ** indicates significance at the 0.05 level; *** indicates 

significance at the 0.01 level 

Notes. All regressions conditional on age, age squared, age and education of household head, 

average age and education of household members, total number of household members, ratio of 

female to male members, number of children, number of male children, family fixed effects, time 

(month) fixed effects.  Standard errors are clustered at the child level. 
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Table 2.5. Effects of Village Fund Program on Household Outcomes (Reproduced from Nelson 

(2011)) 

 

Std. Dev. 

of Future 

Cons. (6-

months 

ahead) 

Std. Dev. 

of Future 

Cons.  

(12-

months 

ahead) 

Business 

Ownership 

Capital 

Stock 

(1000s 

of baht) 

Made 

Voluntary 

Payment on 

Existing 

Debt 

(Institutional 

Loans Only) 

Made 

Voluntary 

Payment on 

Existing 

Debt 

(Institutional 

Loans & 

Money 

Lenders) 

(1) (2) (3) (4) (5) (6) 

Low Wealth -566.9 -514.1 -0.026** 0.975 -0.002 -0.004 

(t-statistic) (1.10) (0.91) (2.05) (1.06) (0.37) (0.62) 

Middle Wealth -268.5 44.8 0.017*** 1.491** -0.003 -0.007* 

(t-statistic) (1.09) (0.14) (2.67) (1.97) (0.58) (1.71) 

High Wealth 235.3 523.9 -0.014 -0.175 0.018*** 0.012* 

(t-statistic) (0.56) (0.65) (1.36) (0.40) (2.95) (1.66) 

Pre-program 

mean of dep. 

var. 2056.2 2477.1 0.179 8.23 0.012 0.017 

HH FE  Yes Yes Yes Yes Yes Yes 

Month FE Yes Yes Yes Yes Yes Yes 

Obs. 16,994 16,994 18,020 18,020 14,805 14,805 

*** p<0.01, ** p<0.05, * p<0.1 

Notes. Loan Principal measured in 1000s of baht. F-statistics for the significance of total marginal 

effects are presented in parenthesis below the effects.  Standard errors clustered at the village 

level.  Other controls include age and education of the household head, average age and education 

in the household, number of household members, proportion of female household members, 

number of children, number of sons. 
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Table 2.6A. Response to Household Shocks by Household Wealth and Gender. IV Results for All 

Ages 

Any Work Total Work Hours 

Any Agricultural 

Work 

Agricultural 

Work Hours 

 (1) (2) (3) (4) 

Girls 

Low Wealth -0.007 -1.372 -0.011 -0.844 

t-statistic (0.58) (0.85) (1.00) (1.39) 

Middle Wealth -0.005 -0.302 -0.011 -0.292 

t-statistic (0.44) (0.17) (0.41) (0.37) 

High Wealth -0.014 -1.929 -0.009 -0.084 

t-statistic (1.62) (1.24) (1.15) (0.17) 

Boys 

Low Wealth 0.00 -2.371 0.006 -0.271 

t-statistic (0.00) (1.20) (0.48) (0.37) 

Middle Wealth 0.002 -1.301 0.006 0.281 

t-statistic (0.22) (0.86) (0.55) (0.59) 

High Wealth -0.007 -2.928* 0.008 0.489 

t-statistic (0.78) (1.84) (0.70) (0.62) 

p-value for 

difference 

between boys 

and girls 0.438 0.420 0.004 0.302 

Village Fixed 

Effects Yes Yes Yes Yes 

Time (Month) 

FE Yes Yes Yes Yes 

Number of 

observations 62006 62006 62006 62006 

* indicates significance at the 0.10 level; ** indicates significance at the 0.05 level; *** indicates 

significance at the 0.01 level 

Notes. All regressions conditional on age, age squared, age and education of household head, 

average age and education of household members, total number of household members, ratio of 

female to male members, number of children, number of male children.  Standard errors are 

clustered at the child level. 
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Table 2.6A. Response to Household Shocks by Household Wealth and Gender. IV Results for All 

Ages, Continued 

Any Non-

Agricultural 

HH Work 

Non-

Agricultural 

HH Work 

Hours 

Any Outside 

Employment 

Outside 

Employment 

Work Hours 

 (5) (6) (7) (8) 

Girls 

Low Wealth 0.003 -0.243 0 -0.435 

t-statistic (0.46) (0.22) (0.00) (0.33) 

Middle Wealth 0.016* 1.545 -0.013*** -1.639** 

t-statistic (1.73) (0.95) (3.25) (2.01) 

High Wealth 0.001 -0.143 -0.007 -1.750 

t-statistic (0.22) (0.14) (1.15) (1.49) 

Boys 

Low Wealth -0.003 -1.403 0 -0.927 

t-statistic (0.36) (1.54) (0.10) (0.66) 

Middle Wealth 0.010*** 0.385 -0.013*** -2.131* 

t-statistic (2.82) (0.41) (2.32) (1.91) 

High Wealth -0.005 -1.303** -0.007 -2.242 

t-statistic (1.02) (2.31) (1.08) (1.64) 

p-value for difference 

between boys and girls 0.487 0.257 0.939 0.501 

Village Fixed Effects Yes Yes Yes Yes 

Time (Month) FE Yes Yes Yes Yes 

Number of observations 62006 62006 62006 62006 

* indicates significance at the 0.10 level; ** indicates significance at the 0.05 level; *** indicates 

significance at the 0.01 level 

Notes. All regressions conditional on age, age squared, age and education of household head, 

average age and education of household members, total number of household members, ratio of 

female to male members, number of children, number of male children.  Standard errors are 

clustered at the child level. 
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Table 2.6B. Response to Household Shocks by Household Wealth and Gender. IV Results 

for All Ages 

Any 

Domestic 

Chores 

Domestic 

Chore 

Days 

Attends 

School 

School 

Attendance 

(days) 

Child is 

sick 

(current 

month) 

Child has 

been sick 

in past year 

 (1) (2) (3) (4) (5) (6) 

Girls 

Low Wealth 0.008 0.005 -0.004 -0.19 0.017** 0.021 

t-statistic (0.17) (0.00) (0.14) (0.56) (2.29) (0.62) 

Middle Wealth 0.009 0.435 0.032*** 0.415** 0.01 -0.016 

t-statistic (0.35) (0.37) (2.66) (2.42) (1.09) (0.48) 

High Wealth 0.009 0.037 0.017 0.328 0.016** 0.037 

t-statistic (0.33) (0.00) (1.58) (1.47) (2.04) (1.30) 

Boys 

Low Wealth 0.046 -0.463 -0.017 -0.338 0.014* 0.015 

t-statistic (1.32) (0.39) (0.68) (0.93) (1.98) (0.49) 

Middle Wealth 0.047** -0.033 0.019 0.267 0.007 -0.022 

t-statistic (2.37) (0.00) (1.36) (1.30) (0.81) (0.74) 

High Wealth 0.047** -0.431 0.004 0.18 0.013** 0.031 

t-statistic (2.07) (0.62) (0.39) (0.83) (1.84) (1.04) 

p-value for 

difference 

between boys 

and girls 0.041 0.384 0.091 0.358 0.208 0.661 

Village FE Yes Yes Yes Yes Yes Yes 

Time (Month) 

FE Yes Yes Yes Yes Yes Yes 

No. of obs. 62006 62006 62006 62006 62006 62006 

* indicates significance at the 0.10 level; ** indicates significance at the 0.05 level; *** 

indicates significance at the 0.01 level 

Notes. All regressions conditional on age, age squared, age and education of household head, 

average age and education of household members, total number of household members, ratio 

of female to male members, number of children, number of male children.  Standard errors 

are clustered at the child level. 
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Table 2.7. Response to Household Shocks by Household Wealth and Gender. IV Results for 

Children Aged 7-9 

Any Work 

Total Work 

Hours 

Any Domestic 

Chores 

Domestic 

Chore Days 

(1) (2) (3) (4) 

Girls   

Low Wealth 0.003 -0.374 0.01 1.078 

t-statistic (0.30) (1.91) (0.10) (0.49) 

Middle Wealth -0.005 -0.079 -0.008 -0.136 

t-statistic (1.13) (0.83) (0.22) (0.14) 

High Wealth -0.013* -0.226 -0.035 -1.179 

t-statistic (1.68) (1.50) (0.79) (0.95) 

  

Boys   

Low Wealth 0.001 -0.549 -0.007 0.047 

t-statistic (0.10) (2.18) (0.10) (0.00) 

Middle Wealth -0.007 -0.254 -0.025 -1.167** 

t-statistic (0.99) (1.60) (1.08) (2.32) 

High Wealth -0.015* -0.401* -0.052 -2.21* 

t-statistic (1.68) (1.76) (1.28) (1.76) 

p-value for difference 

between boys and girls 0.624 0.130 0.629 0.258 

Village Fixed Effects Yes Yes Yes Yes 

Time (Month) FE Yes Yes Yes Yes 

Number of observations 16555 16555 16,555 16,555 

* indicates significance at the 0.10 level; ** indicates significance at the 0.05 level; *** indicates 

significance at the 0.01 level 

Notes. All regressions conditional on age, age squared, age and education of household head, 

average age and education of household members, total number of household members, ratio of 

female to male members, number of children, number of male children.  Standard errors are 

clustered at the child level. 
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Table 2.7. Response to Household Shocks by Household Wealth and Gender. IV Results for 

Children Aged 7-9, Continued 

Attends 

School 

School 

Attendance 

(days) 

Child is sick 

(current 

month) 

Child has been 

sick in past 

year 

(5) (6) (7) (8) 

Girls 

Low Wealth -0.065* -0.706 0.049 0.122 

t-statistic (1.67) (1.21) (1.40) (0.75) 

Middle Wealth -0.008 0.014 0.002 0.006 

t-statistic (0.69) (0.00) (0.14) (0.20) 

High Wealth -0.002 0.374 0.018 0.058 

t-statistic (0.17) (1.57) (1.30) (1.64) 

Boys 

Low Wealth -0.069* -1.009 0.048 0.094 

t-statistic (1.85) (1.62) (1.35) (0.59) 

Middle Wealth -0.012 -0.289 0.001 -0.022 

t-statistic (0.94) (0.84) (0.10) (0.62) 

High Wealth -0.006 0.071 0.017 0.03 

t-statistic (0.39) (0.22) (1.33) (0.54) 

p-value for difference 

between boys and girls 0.609 0.188 0.960 0.487 

Village Fixed Effects Yes Yes Yes Yes 

Time (Month) FE Yes Yes Yes Yes 

Number of observations 16,555 16,555 16,555 16,555 

* indicates significance at the 0.10 level; ** indicates significance at the 0.05 level; *** indicates 

significance at the 0.01 level 

Notes. All regressions conditional on age, age squared, age and education of household head, 

average age and education of household members, total number of household members, ratio of 

female to male members, number of children, number of male children.  Standard errors are 

clustered at the child level. 
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Table 2.8A. Response to Household Shocks by Household Wealth and Gender. IV Results 

for Ages 10-12 

 Any Work 

Total Work 

Hours 

Any 

Agricultural 

Work 

Agricultural 

Work Hours 

(1) (2) (3) (4) 

Girls 

Low Wealth -0.012 -0.553 -0.021 -0.795 

t-statistic (0.59) (0.42) (1.30) (1.20) 

Middle Wealth 0.037** 2.655* 0.004 0.548 

t-statistic (2.22) (1.87) (0.28) (0.46) 

High Wealth 0.002 0.563 -0.006 0.125 

t-statistic (0.24) (1.20) (0.83) (0.54) 

Boys 

Low Wealth -0.04*** -2.493** -0.027 -1.137 

t-statistic (3.89) (2.34) (1.58) (1.32) 

Middle Wealth 0.009 0.715 -0.002 0.206 

t-statistic (0.69) (0.95) (0.24) (0.40) 

High Wealth -0.026** -1.377** -0.012 -0.217 

t-statistic (2.48) (2.03) (1.25) (0.40) 

p-value for difference 

between boys and girls 0.047 0.014 0.529 0.630 

Village Fixed Effects Yes Yes Yes Yes 

Time (Month) FE Yes Yes Yes Yes 

Number of observations 16,751 16,751 16,751 16,751 

* indicates significance at the 0.10 level; ** indicates significance at the 0.05 level; *** 

indicates significance at the 0.01 level 

Notes. All regressions conditional on age, age squared, age and education of household head, 

average age and education of household members, total number of household members, ratio 

of female to male members, number of children, number of male children.  Standard errors 

are clustered at the child level. 
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Table 2.8A. Response to Household Shocks by Household Wealth and Gender. IV Results for 

Ages 10-12, Continued 

 

Any Non-

Agricultural 

HH Work 

Non-

Agricultural 

HH Work 

Hours 

Any Outside 

Employment 

Outside 

Employment 

Work Hours 

(5) (6) (7) (8) 

Girls 

Low Wealth 0.009* 0.597* -0.002 -0.354 

t-statistic (1.87) (1.93) (0.89) (0.79) 

Middle Wealth 0.032* 2.449** -0.001 -0.341 

t-statistic (1.84) (2.43) (0.64) (0.84) 

High Wealth 0.009** 0.785** -0.002* -0.346* 

t-statistic (2.10) (2.16) (1.88) (1.74) 

Boys 

Low Wealth -0.011 -0.956 -0.002 -0.399 

t-statistic (0.36) (1.54) (1.32) (1.22) 

Middle Wealth 0.012*** 0.896** -0.001 -0.386 

t-statistic (3.25) (2.47) (1.27) (1.32) 

High Wealth -0.011 -0.768 -0.002 -0.391 

t-statistic (1.04) (1.36) (1.26) (1.16) 

p-value for difference 

between boys and girls 0.159 0.049 0.775 0.868 

Village Fixed Effects Yes Yes Yes Yes 

Time (Month) FE Yes Yes Yes Yes 

Number of observations 16,751 16,751 16,751 16,751 

* indicates significance at the 0.10 level; ** indicates significance at the 0.05 level; *** indicates 

significance at the 0.01 level 

Notes. All regressions conditional on age, age squared, age and education of household head, 

average age and education of household members, total number of household members, ratio of 

female to male members, number of children, number of male children.  Standard errors are 

clustered at the child level. 
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Table 2.8B. Response to Household Shocks by Household Wealth and Gender. IV Results 

for Ages 10-12 

Any 

Domestic 

Chores 

Domestic 

Chore 

Days 

Attends 

School 

School 

Attendance 

(days) 

Child is 

sick 

(current 

month) 

Child has 

been sick 

in past 

year 

(1) (2) (3) (4) (5) (6) 

Girls 

Low Wealth -0.005 0.784 -0.009 -0.067 0.012 -0.027 

t-statistic (0.10) (0.45) (0.55) (0.26) (1.08) (0.48) 

Middle Wealth -0.002 0.566 -0.017 -0.198 -0.01 -0.055 

t-statistic (0.00) (0.46) (0.78) (0.53) (1.44) (1.63) 

High Wealth 0.016 0.721 -0.004 0.121 0.002 -0.031 

t-statistic (0.66) (0.95) (0.35) (0.64) (0.35) (0.69) 

Boys 

Low Wealth 0.009 -0.268 0.012 0.267 0.017 0.024 

t-statistic (0.26) (0.22) (0.77) (1.11) (1.31) (0.50) 

Middle Wealth 0.012 -0.486 0.004 0.136 -0.005 -0.004 

t-statistic (0.57) (0.72) (0.36) (0.80) (0.75) (0.10) 

High Wealth 0.03 -0.331 0.017* 0.455** 0.007 0.02 

t-statistic (1.06) (0.32) (1.66) (2.39) (0.67) (0.36) 

p-value for 

difference 

between boys 

and girls 0.666 0.304 0.140 0.143 0.553 0.285 

Village Fixed 

Effects Yes Yes Yes Yes Yes Yes 

Time (Month) 

FE Yes Yes Yes Yes Yes Yes 

Number of 

observations 16,751 16,751 16,751 16,751 16,751 16,751 

* indicates significance at the 0.10 level; ** indicates significance at the 0.05 level; *** 

indicates significance at the 0.01 level 

Notes. All regressions conditional on age, age squared, age and education of household 

head, average age and education of household members, total number of household 

members, ratio of female to male members, number of children, number of male children.  

Standard errors are clustered at the child level. 
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Table 2.9A. Response to Household Shocks by Household Wealth and Gender. IV Results 

for Ages 12-15 

 Any Work 

Total Work 

Hours 

Any 

Agricultural 

Work 

Agricultural 

Work Hours 

(1) (2) (3) (4) 

Girls 

Low Wealth -0.055** -8.117* -0.042** -3.401* 

t-statistic (2.37) (1.92) (2.12) (1.89) 

Middle Wealth -0.031 -3.08 -0.022 -2.814* 

t-statistic (1.55) (1.47) (0.98) (1.74) 

High Wealth -0.004 1.334 -0.008 -0.395 

t-statistic (0.26) (0.64) (0.45) (0.41) 

Boys 

Low Wealth -0.032 -6.232 -0.024 -0.731 

t-statistic (1.28) (1.48) (0.96) (0.56) 

Middle Wealth -0.008 -1.195 -0.004 -0.144 

t-statistic (0.70) (0.75) (0.33) (0.26) 

High Wealth 0.019 3.219 0.01 2.275 

t-statistic (1.22) (1.54) (0.70) (1.25) 

p-value for difference 

between boys and girls 0.324 0.449 0.361 0.084 

Village Fixed Effects Yes Yes Yes Yes 

Time (Month) FE Yes Yes Yes Yes 

Number of observations 17,164 17,164 17,164 17,164 

* indicates significance at the 0.10 level; ** indicates significance at the 0.05 level; *** 

indicates significance at the 0.01 level 

Notes. All regressions conditional on age, age squared, age and education of household head, 

average age and education of household members, total number of household members, ratio 

of female to male members, number of children, number of male children.  Standard errors 

are clustered at the child level. 
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Table 2.9A. Response to Household Shocks by Household Wealth and Gender. IV Results for 

Ages 12-15, Continued 

 

Any Non-

Agricultural 

HH Work 

Non-

Agricultural 

HH Work 

Hours 

Any Outside 

Employment 

Outside 

Employment 

Work Hours 

(5) (6) (7) (8) 

Girls 

Low Wealth -0.016 -2.395 -0.002 -2.322 

t-statistic (0.98) (1.07) (0.14) (0.93) 

Middle Wealth -0.005 -0.68 -0.013 0.414 

t-statistic (0.74) (0.79) (1.18) (0.28) 

High Wealth -0.002 0.447 0.003 1.282 

t-statistic (0.61) (0.63) (0.20) (0.65) 

Boys 

Low Wealth -0.015 -2.738 0.008 -2.765 

t-statistic (1.25) (1.06) (0.50) (0.93) 

Middle Wealth -0.004 -1.023 -0.003 -0.029 

t-statistic (1.44) (0.92) (0.49) (0.00) 

High Wealth -0.001 0.104 0.013* 0.839 

t-statistic (0.41) (0.20) (1.88) (0.62) 

p-value for difference 

between boys and girls 0.827 0.612 0.527 0.801 

Village Fixed Effects Yes Yes Yes Yes 

Time (Month) FE Yes Yes Yes Yes 

Number of observations 17,164 17,164 17,164 17,164 

* indicates significance at the 0.10 level; ** indicates significance at the 0.05 level; *** indicates 

significance at the 0.01 level 

Notes. All regressions conditional on age, age squared, age and education of household head, 

average age and education of household members, total number of household members, ratio of 

female to male members, number of children, number of male children.  Standard errors are 

clustered at the child level. 
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Table 2.9B. Response to Household Shocks by Household Wealth and Gender. IV Results for 

Ages 12-15 

Any 

Domestic 

Chores 

Domestic 

Chore 

Days 

Attends 

School 

School 

Attendance 

(days) 

Child is 

sick 

(current 

month) 

Child has 

been sick in 

past year 

(1) (2) (3) (4) (5) (6) 

Girls 

Low Wealth 0.009 0.909 -0.013 -0.292 0.01 0.071** 

t-statistic (0.24) (0.79) (0.51) (0.82) (1.28) (2.10) 

Middle Wealth 0.002 0.269 0.038*** 0.615** -0.003 0.004 

t-statistic (0.14) (0.57) (3.43) (2.16) (0.30) (0.10) 

High Wealth 0.027 1.207 -0.013 -0.322 0.006 -0.004 

t-statistic (1.09) (1.52) (0.42) (0.59) (0.68) (0.10) 

Boys 

Low Wealth 0.048 1.269 -0.054 -1.056 0.009 0.089** 

t-statistic (1.18) (0.89) (1.42) (1.50) (0.89) (2.29) 

Middle Wealth 0.041** 0.629 -0.003 -0.149 -0.004 0.022 

t-statistic (2.21) (1.38) (0.17) (0.64) (0.36) (1.02) 

High Wealth 0.066** 1.567** 

-

0.054*** -1.086*** 0.005 0.014 

t-statistic (2.20) (2.02) (2.79) (4.10) (0.69) (0.46) 

p-value for 

difference 

between boys 

and girls 0.060 0.516 0.017 0.068 0.885 0.609 

Village Fixed 

Effects Yes Yes Yes Yes Yes Yes 

Time (Month) 

FE Yes Yes Yes Yes Yes Yes 

Number of 

observations 17,164 17,164 17,164 17,164 17,164 17,164 

* indicates significance at the 0.10 level; ** indicates significance at the 0.05 level; *** indicates 

significance at the 0.01 level 

Notes. All regressions conditional on age, age squared, age and education of household head, 

average age and education of household members, total number of household members, ratio of 

female to male members, number of children, number of male children.  Standard errors are 

clustered at the child level. 
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Table 2.10A. Response to Household Shocks by Household Wealth and Gender. IV Results 

for Ages 16-18 

 Any Work 

Total Work 

Hours 

Any 

Agricultural 

Work 

Agricultural 

Work Hours 

(1) (2) (3) (4) 

Girls 

Low Wealth -0.044 -3.086 -0.031 -1.295 

t-statistic (0.56) (0.35) (0.44) (0.37) 

Middle Wealth -0.01 3.234 -0.021* -0.454 

t-statistic (0.82) (1.10) (1.93) (0.67) 

High Wealth -0.026 -8.201 -0.012 -1.497 

t-statistic (1.13) (0.92) (0.60) (1.03) 

Boys 

Low Wealth -0.043 -4.014 -0.015 -0.045 

t-statistic (0.62) (0.49) (0.24) (0.00) 

Middle Wealth -0.009 2.306 -0.005 0.796 

t-statistic (0.36) (0.48) (0.22) (0.59) 

High Wealth -0.025 -9.129 0.004 -0.247 

t-statistic (1.12) (1.45) (0.28) (0.17) 

p-value for difference 

between boys and girls 0.952 0.885 0.448 0.387 

Village Fixed Effects Yes Yes Yes Yes 

Time (Month) FE Yes Yes Yes Yes 

Number of observations 11,535 11,535 11,535 11,535 

* indicates significance at the 0.10 level; ** indicates significance at the 0.05 level; *** 

indicates significance at the 0.01 level 

Notes. All regressions conditional on age, age squared, age and education of household head, 

average age and education of household members, total number of household members, ratio 

of female to male members, number of children, number of male children.  Standard errors 

are clustered at the child level. 
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Table 2.10A. Response to Household Shocks by Household Wealth and Gender. IV Results for 

Ages 16-18, Continued 

 

Any Non-

Agricultural 

HH Work 

Non-

Agricultural 

HH Work 

Hours 

Any Outside 

Employment 

Outside 

Employment 

Work Hours 

(5) (6) (7) (8) 

Girls 

Low Wealth 0.01 0.701 -0.041* -2.231 

t-statistic (0.79) (0.42) (1.82) (0.39) 

Middle Wealth -0.006** 2.058 -0.003 1.702 

t-statistic (2.21) (0.91) (0.28) (0.82) 

High Wealth -0.029 -5.787 0.007 -0.638 

t-statistic (1.16) (0.79) (0.96) (0.39) 

Boys 

Low Wealth 0.016 1.941 -0.067*** -5.772 

t-statistic (0.62) (0.42) (3.00) (1.33) 

Middle Wealth 0.000 3.298 -0.029 -1.839 

t-statistic (0.00) (0.97) (1.24) (0.78) 

High Wealth -0.023 -4.547 -0.019 -4.179 

t-statistic (1.21) (1.20) (1.02) (1.41) 

p-value for difference 

between boys and girls 0.709 0.801 0.178 0.169 

Village Fixed Effects Yes Yes Yes Yes 

Time (Month) FE Yes Yes Yes Yes 

Number of observations 11,535 11,535 11,535 11,535 

* indicates significance at the 0.10 level; ** indicates significance at the 0.05 level; *** indicates 

significance at the 0.01 level 

Notes. All regressions conditional on age, age squared, age and education of household head, 

average age and education of household members, total number of household members, ratio of 

female to male members, number of children, number of male children.  Standard errors are 

clustered at the child level. 
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Table 2.10B. Response to Household Shocks by Household Wealth and Gender. IV Results for 

Ages 16-18 

Any 

Domestic 

Chores 

Domestic 

Chore 

Days 

Attends 

School 

School 

Attendance 

(days) 

Child is 

sick 

(current 

month) 

Child has 

been sick 

in past 

year 

(1) (2) (3) (4) (5) (6) 

Girls 

Low Wealth 0.014 0.749 0.058 1.146 0.031 -0.032 

t-statistic (0.24) (0.22) (0.64) (0.53) (1.05) (0.30) 

Middle Wealth -0.037* -1.38* -0.011 0.042 0.008 -0.051 

t-statistic (1.91) (1.65) (0.47) (0.10) (1.41) (1.35) 

High Wealth -0.018 -1.219 0.033 0.553 0.025* 0.080 

t-statistic (0.85) (1.15) (1.47) (1.10) (1.94) (1.24) 

Boys 

Low Wealth 0.07 2.709 0.05 0.802 0.017 -0.014 

t-statistic (0.96) (0.83) (0.49) (0.42) (0.55) (0.14) 

Middle Wealth 0.019 0.58 -0.019 -0.302 -0.006 -0.033 

t-statistic (0.75) (0.70) (0.64) (0.42) (0.84) (0.83) 

High Wealth 0.038 0.741 0.025 0.209 0.011 0.098 

t-statistic (1.13) (0.71) (0.73) (0.20) (0.60) (1.08) 

p-value for 

difference 

between boys 

and girls 0.057 0.021 0.801 0.681 0.157 0.750 

Village Fixed 

Effects Yes Yes Yes Yes Yes Yes 

Time (Month) 

FE Yes Yes Yes Yes Yes Yes 

Number of 

observations 11,535 11,535 11,535 11,535 11,535 11,535 

* indicates significance at the 0.10 level; ** indicates significance at the 0.05 level; *** indicates 

significance at the 0.01 level 

Notes. All regressions conditional on age, age squared, age and education of household head, 

average age and education of household members, total number of household members, ratio of 

female to male members, number of children, number of male children.  Standard errors are 

clustered at the child level. 
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Table 2.11. Productivity Differentials (Marginal Revenue per hour of work in baht) 

All Work 

Agricultural 

Work 

Non-

Agricultural 

Work 

Outside 

Employment 

(Log Hourly 

wages in baht) 

Outside 

Employment 

(Log Hourly 

wages in baht) 

(1) (2) (3) (4) (5) 

Female Work 

Hours 17.582 -1.286 48.277 na na 

(15.387) (17.870) (39.756)  

Female Work 

Hours Squared -0.006 0.008 -0.023 na na 

(0.011) (0.022) (0.018)  

Male Work 

Hours 70.247*** 50.648*** 85.510 na na 

(16.395) (16.941) (67.936)  

Male Work 

Hours Squared -0.040** -0.023 -0.028 na na 

(0.017) (0.020) (0.049)  

Male na na na 0.105* 0.097*** 

        (0.058) (0.018) 

Inverse Mills 

Ratio    na -1.461 

      (1.187) 

Household 

Fixed Effects Yes Yes Yes Yes No 

Time (Month) 

Fixed Effects Yes Yes Yes Yes No 

Number of 

observations 13246 11612 3239 8257 8257 

* indicates significance at the 0.10 level; ** indicates significance at the 0.05 level; *** indicates 

significance at the 0.01 level 

Notes. All regressions conditional on age and education of household head, average age and 

education of household members, total number of household members, ratio of female to male 

members, number of children, number of male children.  Additionally, column (4) also includes 

age and age squared, experience, and education.  Standard errors are clustered at the household 

level. 
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Table 2.12. Response to Household Shocks after Controlling for Gender-specific 

Productivity Differentials. Ages 10-12 

Any Work 

Total 

Work 

Hours 

Any 

Agricultural 

Work 

Agricultural 

Work Hours 

 (1) (2) (3) (4) 

Girls 

Low Wealth -0.033 -2.148 -0.029 -1.7 

t-statistic (1.17) (0.93) (1.18) (1.17) 

Middle Wealth 0.008 1.114 -0.004 -0.155 

t-statistic (0.47) (0.64) (0.20) (0.14) 

High Wealth -0.011 -0.119 -0.016 -0.445 

t-statistic (0.69) (0.10) (1.22) (0.55) 

Boys 

Low Wealth -0.027 -1.99 -0.023 -1.24 

t-statistic (1.28) (1.22) (1.17) (1.06) 

Middle Wealth 0.014 1.272 0.002 0.305 

t-statistic (0.94) (1.48) (0.17) (0.49) 

High Wealth -0.005 0.039 -0.01 0.015 

t-statistic (0.26) (0.00) (0.79) (0.00) 

Village Fixed 

Effects Yes Yes Yes Yes 

Time (Month) 

Fixed Effects Yes Yes Yes Yes 

Number of 

observations 8,133 8,133 8,133 8,133 

* indicates significance at the 0.10 level; ** indicates significance at the 0.05 level; *** 

indicates significance at the 0.01 level 

Notes. All columns include activity-, village- and gender-specific labor productivity 

measures and their interactions with household borrowing, except columns 7 and 8 which 

include activity- and village-specific productivity differentials and their interactions with 

household borrowing. All regressions conditional on age, age squared, age and education 

of household head, average age and education of household members, total number of 

household members, ratio of female to male members, number of children, number of 

male children.  Standard errors are clustered at the child level. 
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Table 2.12. Response to Household Shocks after Controlling for Gender-specific Productivity 

Differentials. Ages 10-12, Continued 

Any Non-

Agricultural 

HH Work 

Non-Agricultural 

HH Work Hours 

Any Outside 

Employment 

Outside 

Employment 

Work Hours 

 (5) (6) (7) (8) 

Girls 

Low Wealth 0.005 0.943 -1.438** -0.947 

t-statistic (1.45) (1.51) (1.97) (1.10) 

Middle Wealth 0.014* 1.929 -2.015* -0.597 

t-statistic (1.84) (1.58) (1.81) (0.96) 

High Wealth 0.006* 0.770 -1.473** -0.357 

t-statistic (1.85) (1.47) (2.09) (1.38) 

Boys 

Low Wealth -0.002 0.052 -0.965* -0.707 

t-statistic (0.32) (0.24) (1.78) (1.14) 

Middle Wealth 0.007** 1.038* -1.542 -0.357 

t-statistic (2.45) (1.87) (1.70) (0.81) 

High Wealth -0.001 -0.121 -1.000 -0.117 

t-statistic (0.00) (0.40) (1.46) (0.30) 

Village Fixed 

Effects Yes Yes Yes Yes 

Time (Month) 

Fixed Effects Yes Yes Yes Yes 

Number of 

observations 8,133 8,133 8,050 8,050 

* indicates significance at the 0.10 level; ** indicates significance at the 0.05 level; *** 

indicates significance at the 0.01 level 

Notes. All columns include activity-, village- and gender-specific labor productivity measures 

and their interactions with household borrowing, except columns 7 and 8 which include 

activity- and village-specific productivity differentials and their interactions with household 

borrowing. All regressions conditional on age, age squared, age and education of household 

head, average age and education of household members, total number of household members, 

ratio of female to male members, number of children, number of male children.  Standard errors 

are clustered at the child level. 
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Table 2.13. Differential Returns to Education  

Log Wages Log Wages 

(1) (2) 

EducationXMale 0.064* 0.080*** 

(0.034) (0.017) 

Education -0.130 0.099*** 

(0.242) (0.016) 

Inverse Mills Ratio na -1.855 

(0.025) 

Individual Fixed Effects Yes No 

Time (Month) Fixed Effects Yes No 

Number of observations 8,231 8,231 

* indicates significance at the 0.10 level; ** indicates significance at the 0.05 level; *** indicates 

significance at the 0.01 level 

Notes. All regressions conditional on age and age squared, age and education of household head, 

average age and education of household members, total number of household members, ratio of 

female to male members, number of children, number of male children.  Additionally, column 

(2) includes the years of work experience.  Standard errors are clustered at the household level. 
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Table 2.14. Response to Household Shocks after Controlling for Differences in 

Returns to Education by Gender. Ages 10-12 

Any 

Work 

Total 

Work 

Hours 

Any 

Agricultural 

Work 

Agricultural 

Work Hours 

 (1) (2) (3) (4) 

Girls 

Low Wealth -0.026 -1.994 -0.027 -0.927 

t-statistic (0.84) (0.76) (1.05) (0.69) 

Middle Wealth 0.014 0.507 -0.002 0.364 

t-statistic (0.47) (0.20) (0.10) (0.22) 

High Wealth -0.006 -0.438 -0.008 -0.207 

t-statistic (0.36) (0.42) (0.58) (0.36) 

Boys 

Low Wealth -0.02 -1.03 -0.013 -0.233 

t-statistic (0.85) (0.57) (0.64) (0.22) 

Middle Wealth 0.02 1.471 0.012 1.058 

t-statistic (0.81) (0.77) (0.45) (0.77) 

High Wealth 0.000 0.526 0.006 0.487 

t-statistic (0.00) (0.60) (0.41) (1.00) 

Village Fixed Effects Yes Yes Yes Yes 

Time (Month) Fixed 

Effects Yes Yes Yes Yes 

Number of observations 8,145 8,145 8,145 8,145 

* indicates significance at the 0.10 level; ** indicates significance at the 0.05 level; 

*** indicates significance at the 0.01 level 

Notes. All columns include village- and gender-specific returns to education and 

their interactions with household borrowing. All regressions conditional on age, age 

squared, age and education of household head, average age and education of 

household members, total number of household members, ratio of female to male 

members, number of children, number of male children.  Standard errors are 

clustered at the child level. 
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Table 2.14. Response to Household Shocks after Controlling for Differences in Returns to 

Education by Gender. Ages 10-12, Continued 

Any Non-

Agricultural 

HH Work 

Non-

Agricultural 

HH Work 

Hours 

Any Outside 

Employment 

Outside 

Employment 

Work Hours 

 (5) (6) (7) (8) 

Girls 

Low Wealth 0.001 -0.176 -0.006 -0.891 

t-statistic (0.22) (0.66) (0.71) (0.62) 

Middle Wealth 0.018** 0.624** -0.006 -0.48 

t-statistic (2.03) (1.97) (0.67) (0.32) 

High Wealth 0.004*** 0.093 -0.004 -0.324 

t-statistic (3.74) (1.05) (1.00) (0.45) 

Boys 

Low Wealth -0.007** -0.426** -0.003 -0.371 

t-statistic (2.08) (2.00) (0.59) (0.36) 

Middle Wealth 0.01*** 0.374** -0.003 0.04 

t-statistic (2.66) (2.52) (0.50) (0.00) 

High Wealth -0.004 -0.157 -0.001 0.196 

t-statistic (0.85) (0.58) (0.35) (0.30) 

Village Fixed Effects Yes Yes Yes Yes 

Time (Month) Fixed 

Effects Yes Yes Yes Yes 

Number of observations 8,145 8,145 8,145 8,145 

* indicates significance at the 0.10 level; ** indicates significance at the 0.05 level; *** 

indicates significance at the 0.01 level 

Notes. All columns include village- and gender-specific returns to education and their 

interactions with household borrowing. All regressions conditional on age, age squared, age and 

education of household head, average age and education of household members, total number of 

household members, ratio of female to male members, number of children, number of male 

children.  Standard errors are clustered at the child level. 
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Chapter 3 

 

Discrimination Begins in the Womb: Evidence of 

Sex-selective Prenatal Investments 

 

Joint Work with Prashant Bharadwaj 

Forthcoming in The Journal of Human Resources 

 

Abstract 

This paper investigates whether boys receive preferential prenatal treatment in 

a setting where son preference is present. Using micro health data from India, we 

highlight sex-selective prenatal investments as a new channel via which parents 

practice discriminatory behavior. We find that mothers visit antenatal clinics and 

receive tetanus shots more frequently when pregnant with a boy. Preferential prenatal 

treatment of males is greater in regions known to have strong son preference and 

among women whose previous children are female. We address other mechanisms 

such as selective recall, medical complications that might cause male fetuses to 

receive greater prenatal care in general, son preference-based fertility stopping rules 

and biases due to sex selective abortions. Our calculations suggest that sex-selective 

prenatal care in maternal tetanus vaccination explains between 2.6-7.2 percent of 

excess female neonatal mortality in India.  
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3.1 Introduction 

Sex-based discrimination has been studied extensively in the context of son 

preference in South and Southeast Asia (Drèze and Sen 1989; Gupta 1987; Qian 

2008). Differential care favoring boys over girls and sex-selective abortions have 

resulted in an estimated 30 to 70 million “missing” women in India and China alone. 

While one might expect economic growth to erode such discrimination, son preference 

(as evidenced by skewed sex ratios) has been persistent despite high growth rates in 

these countries (Gupta et al. 2003). 

A large literature has tried to explain the skewed gender ratios through post-

birth discrimination strategies. Some of the channels examined are (but not limited to) 

differential vaccination rates (Oster 2009), allocation of household resources (Pitt and 

Rosenzweig 1990), breastfeeding behavior (Jayachandran and Kuziemko 2011) and 

parental time allocation (Barcellos, Carvalho and Lleras-Muney 2010). The papers 

that do examine sex-based discrimination before birth focus on sex-selective abortions 

(Pörtner 2010; Meng 2010; Bhalotra and Cochrane 2010). However, an unanswered 

question in this literature is whether parents invest less in prenatal care when pregnant 

with a girl, while still carrying the fetus to term.1 Such discrimination can have 

                                                           
1 Osmani and Sen (2003) examine fetal health in the context of sex-based discrimination; however, they 
do so from the channel of maternal health, and do not examine direct discrimination based on the sex of 
the fetus. A recent paper by Almond, Li, and Meng (2010) examines the impact of the spread of 
ultrasound in China on various health investment measures for girls. While they find no difference in 
post health measures they find that neonatal mortality for girls increases with the spread of ultrasound. 
Lacking direct evidence on prenatal investments, Almond, Li, and Meng (2010) imply that ultrasound 
spread is related to decreases in utero investments for girls. 
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sizeable consequences as prenatal care is an essential component of the overall health 

of the child. 

Maternal inputs during pregnancy can affect important outcomes such as 

neonatal survival and birth weight (Gortmaker 1979; Bharadwaj and Eberhard 2010). 

In India, attending prenatal care is correlated with a 27 percent decrease in the 

probability of neonatal mortality (NFHS). Tetanus shots taken during pregnancy play 

a particularly important role in neonatal survival.2 Neonatal tetanus is the leading 

cause of neonatal deaths in India (Zupan and Aahman 2005; Gupta and Keyl 1998) 

and results in nearly 200,000 neonatal deaths per year in South and Southeast Asia 

(UNICEF 2000). About 38 percent of child deaths (under 5 years) occur in the 

neonatal stage; moreover, prenatal care is highly correlated with postnatal care such as 

breastfeeding and immunizations (NFHS), indicating that discrimination faced in utero 

persists and perhaps accumulates even after birth. Early childhood health 

notwithstanding, we also know from previous research that in utero events and 

childhood endowments affect later life health, IQ and labor market outcomes (Almond 

and Mazumder 2005; Black, Devereux, and Salvanes 2007; Behrman and Rosenzweig 

2004; Almond, Chay, and Lee 2002). 

                                                           
2 Blencowe et al. (2010) summarize decades of research on the importance of tetanus immunization 
during pregnancy by concluding that there is "clear evidence of the high impact of two doses of tetanus 
toxoid immunization given at least four weeks apart on neonatal tetanus." After examining field studies 
that use various methods, they estimate that the decrease in tetanus-related neonatal morality due to 
vaccination is around 94 percent. Other estimates from developing countries range from 70 percent in 
rural Bangladesh to 88 percent in India (Rahman et al. 1982; Gupta and Keyl 1998).  
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This paper examines whether sex-selective prenatal care occurs in countries of 

South and Southeast Asia, with an emphasis on India.3 We find significant differences 

in women’s prenatal health care choices when they are pregnant with boys relative to 

when they are pregnant with girls. In India, women are 1.8 percentage points (3 

percent over the mean) more likely to attend prenatal care at least twice when pregnant 

with a boy and receive a significantly greater number of tetanus shots. In northern 

India, where sex discrimination is known to be more prevalent, women are 4.6 percent 

more likely to seek prenatal care and 3 percent more likely to receive tetanus shots if 

they are pregnant with a boy. In the same region, women are 16 percent more likely to 

deliver their baby in a non-home environment if pregnant with a boy. We also find 

that women whose previous children were mainly girls tend to discriminate more 

when the current fetus is male (see Figure 1). Moreover, for a subset of the Indian 

data, we find that prenatal discrimination occurs largely among mothers who report 

having received an ultrasound during pregnancy. We find similar evidence in other 

countries of South and Southeast Asia where sex discrimination has been documented. 

For example, in China women pregnant with boys are 4.6 percentage points more 

likely to seek prenatal care. Mothers in Pakistan are 2.6 percentage points more likely 

to take iron supplements and mothers in Bangladesh attend prenatal care 7 percent 

more frequently when pregnant with a boy. 

Apart from examining a new parental avenue for gender discrimination, we 

also bring new perspective to the vast literature on parental investments (Rosenzweig 

                                                           
3 In this paper we are not able to distinguish between taste-based and statistical discrimination. Hence, 
in this exercise, we simply document differential treatment for sons relative to daughters. The 
mechanism that drives these actions could be a taste for sons or a demand for sons based on the rates of 
returns to or costs of raising a son. 
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and Zhang 2009; Ashenfelter and Rouse 1998; Behrman, Rosenzweig, and Taubman 

1994) that examines whether schooling or nutrition-based investments reinforce (or 

are affected by) the distribution of initial endowments. The notion of “initial 

endowments” is often related to birth weight (Loughran, Datar, and Kilburn 2004) or 

the residual of a human capital production function (Pitt and Rosenzweig 1990).4 Our 

paper adds to the literature on parental investments by showing that initial 

endowments (even within families) are subject to preferences over gender. Thus, 

beyond the usual concerns with endogenous endowment formation like maternal 

behavior, genetic correlations, et cetera, we propose gender preferences as an 

additional channel for consideration when examining the impact of initial endowments 

on short and long term outcomes. 

A common policy to mitigate sex discrimination is to prohibit health 

professionals from revealing the sex of the fetus during ultrasound exams, as India did 

in the mid-1990s. Despite the legal efforts of the government, sex-selective abortions 

have risen in recent years in India (Arnold, Kishor, and Roy 2002; Bhalotra and 

Cochrane 2010) and policy has focused on trying to eliminate it entirely; we make the 

point that even if all policy efforts were diverted to reduce the incidence of sex-

selective abortions, an unintended consequence of such efforts could be a rise in 

differential investments in prenatal care.5 Our calculations suggest preferential 

treatment in one such investment, tetanus shots, can explain 2.6-7.2 percent of the 

                                                           
4 More recently, Aizer and Cunha (2010) measure initial endowment as scores from the Bailey test 
administered to 8 month old babies. 
5 This is also in line with a recent paper by Hu and Schlosser (2011), who find that in areas with greater 
sex selective abortions, girls receive better care post birth. This is presumably due to the fact that only 
those parents who really want a girl have a girl in those areas. Thus, focusing solely on abolishing sex 
selective abortions could lead to worse post birth outcomes for girls. 
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excess female neonatal mortality. Hence, if gender equality is a priority, policy must 

be concerned about the possibility of discriminatory prenatal care leading to long term 

differences in the outcomes for men and women. 

There are several identification problems that arise in the analysis of sex-based 

discrimination. The four main problems we address are selective recall (a version of 

reporting bias in this context), biological characteristics of male fetuses that may drive 

the need for additional prenatal care, son preference-based fertility stopping rules, and 

sex-selective abortions. We discuss the problems raised by each and our solution to 

these issues in great detail in the subsequent section. To the extent we are able to test 

for potential biases in our data, our results appear to not be driven by these concerns. 

 

3.2 Methodology and Estimation Issues 

Papers examining son preference in the US have studied the role of gender bias 

in differences in prenatal care (Dahl and Moretti 2008; Lhila and Simon 2008) using 

receipt of ultrasound scanning during pregnancy as indication that the parents know 

the sex of the child. Unfortunately, data on ultrasound receipt is inconsistent across the 

rounds of the National Fertility and Health Survey (for a select subset of the Indian 

sample we do have this information; we discuss the use of this data in detail in the 

results section). However, we rely on the idea that in the absence of son preference 

based stopping rules, male specific medical complications, sex selective abortions or 

ultrasounds and other methods of sex determination, there should be no systematic 

reason to find that males receive greater prenatal care. This section describes our basic 
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estimation strategy and outlines the various problems that could hinder inference as 

well as our attempt to deal with each potential source of bias. 

3.2.1 Basic Specification 

Our strategy is built on the premise that under equal treatment or lack of 

knowledge of fetal gender, the pregnancy’s eventual gender outcome should not affect 

prenatal investments. To the best of our knowledge, doctor recommendations 

regarding basic prenatal investments like iron pills, tetanus shots, or regular prenatal 

checkups do not vary systematically by the gender of the child. Thus finding that 

antenatal visits, consumption of iron supplements, or tetanus shots are more likely 

during a pregnancy that results in a male is strong suggestive evidence of 

discrimination. 

The empirical methodology this paper adopts is quite simple. If parents want to 

discriminate based on the sex of fetus, pregnancies that result in a male child should 

be pregnancies with greater observed prenatal care along various dimensions. The 

basic specification we estimate is: 

�1�		���� = 
������ + �X��� + �� + ���� 

where ���� is the type of prenatal investment for child � in household ℎ in state � such 

as prenatal care, iron pills, tetanus shots, et cetera. ������ takes the value of 1 when 

the child is male. The questions are retrospective, so the woman is asked about type of 

prenatal care received while pregnant with a given child and then that particular 

child’s sex is noted (more details concerning the survey data can be found in the next 

section). X��� is a host of control variables that include birth order, age and education 
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of the mother, birth year fixed effects, household wealth quintile fixed effects, and a 

dummy for whether or not the mother resides in an urban area. �� captures state fixed 

effects. If prenatal sex discrimination exists and if males are favored, we should find 

that 
 is greater than zero.6 Several important identification issues emerge when 

following this approach. We now review each problem and our proposed solutions in 

detail. 

 

3.2.2 Son Preference Based Fertility Stopping Rules 

One potential source of bias in Equation 1 arises due to son preference-based 

stopping rules. A consequence of son preference-based fertility stopping rules is that 

the probability the youngest child is male is increasing with the age of the last child, as 

parents have more time to adjust their total fertility following the birth (Barcellos, 

Carvalho, and Lleras-Muney 2010). Conditional on family size, this would imply that 

a family whose most recent birth was female would have weaker son preference even 

after controlling for birth order and the existing sex ratio of the child’s siblings. Since 

the survey questions on prenatal care are asked only for the youngest child of the 

mother, our results are susceptible to bias due to such a stopping rule. As a robustness 

                                                           
6 A related issue is that 
 might vary depending on the sex ratio of the previous children. Due to son 
preference-based fertility stopping rules, "who" becomes a mother at each birth order is a selected 
sample. Suppose we restrict the sample to people whose previous children are all girls (conditional on 
family size). 

���� = 
������� + �X��� + �� + ����  

The coefficient we get on ��� in this sample (
�) will likely be different from the coefficient on ��� 

if we were to estimate the above equation for families whose previous births are all male (call this 
�). 

Hence, 
 from Equation 1 should be interpreted as a weighted average of 
� and 
�, where the weights 
depend on the fraction of the population that discriminate against girls in their last birth. We show 

estimates of 
� and 
� for various birth orders in Figure 1. As expected 
� > 
� across most of the 
birth orders. 
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check, we employ the methodology developed in Barcellos, Carvalho, and Lleras-

Muney (2010). 

The main idea behind the Barcellos, Carvalho, and Lleras-Muney (2010) 

methodology is to examine families where the last child is “young enough” such that 

parents have not had time to adjust their fertility based on the gender of the most 

recent birth – for this sample, parents who have just had a girl are similar to parents to 

have just had a boy, conditional on the sex ratio of the previous children and the 

number of children. However, the Barcellos, Carvalho, and Lleras-Muney (2010) 

methodology relies on the absence of sex-selective abortions. Nevertheless, we 

employ it as a robustness check and find the estimates to be unchanged; if anything the 

“young enough” sample results are slightly larger in magnitude than the overall 

sample results. 

 

3.2.3 Sex Selective Abortions 

The potential for sex-selective abortions brings about three additional concerns 

in our estimation: sample selection bias, reverse causality, and omitted variables bias. 

These concerns are certainly related, but dealing with each separately provides insight 

into various estimation techniques we use to account for these issues. 

3.2.3.1  Sample Selection 

Because we only observe the gender and prenatal care of pregnancies resulting 

in live births, our sample omits those female fetuses that were terminated before birth. 

This introduces bias into our estimates if those who abort female fetuses would have 
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given their unborn daughters significantly different levels of prenatal care if forced to 

take them to term than those who choose to take female fetuses to term. We believe 

that parents who perform sex selective abortions are those for whom son preference 

(and female discrimination) is strongest; if these parents were forced to carry the 

female fetus to term, it is likely that these girls would receive less prenatal care than 

those born to parents who prefer to take their female pregnancies to term. Hence, we 

expect our results to be underestimates of the true extent of gender discrimination in 

prenatal care. 

3.2.3.2  Reverse Causality 

The presence of sex-selective abortions could also bring into question the 

direction of causation between prenatal care and fetal gender. If ultrasounds are a 

routine procedure taken during formal prenatal visits, then women who seek prenatal 

care may discover they are carrying girls and choose to abort, leading to a mechanical 

correlation between the gender of the fetus and measures of prenatal care. Because 

fewer girls survive past the first prenatal checkup (and thus drop out of our sample), 

we should observe that a higher proportion of boys receive prenatal care than girls 

under sex-selective abortions. This would lead us to the false conclusion that the 

gender of the unborn child determines prenatal care – our estimate of 
 in Equation 1 

would be positive – when in fact prenatal care determines the gender of the children 

we observe in our sample. 

Without information on the exact timing of ultrasound receipt in relation to 

subsequent prenatal care (which is not available in the National Family Health Survey 

or the Reproductive and Child Health Survey), we are unable to isolate the direction of 
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causation between the first prenatal visit and fetal gender. However, we can identify 

the causal effect of fetal gender on additional prenatal care, conditional on knowing 

the gender of the child and choosing to take the pregnancy to full term. If we assume 

that women who have been to at least one prenatal checkup know the sex of their 

unborn child, then their decision to pursue additional prenatal care is not subject to the 

same argument of reverse causality because they make these subsequent decisions 

after choosing not to abort their unborn child. In practice, we can restrict the 

estimation sample to those women who have gone to at least one prenatal visit (where 

we assume that they learned the sex of the child) and estimate the following 

regression: 

�2�	������� �	���� = 
������ + �X��� + �� + ���� 


 now captures the gender differential in prenatal care that occurs after the first 

checkup and is free of any reverse causality concerns. We can further restrict the 

sample to those women whose first prenatal checkup occurred after the fifth month of 

pregnancy and are thus the most likely to learn the sex of the fetus during the first 

checkup. Note that this approach does not solve the problem related to sample 

selection, and the possibility of sex-selective abortions still leads to a potential 

underestimate of the true extent sex-selective prenatal investments. 

3.2.3.3  Other Omitted Variables 

If we instead interpret the problem of sex-selective abortions as a case in which 

the propensity to perform selective abortions is an omitted variable in our regressions, 

we are left with the classic problem of endogeneity: the sex of the child is no longer 

random and is potentially correlated with ����. In general, the direction of bias depends 
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on the relationship between factors that influence sex-selective abortions and how 

these factors affect the demand for prenatal care. In our attempt to deal with this type 

of bias, we control for various factors like wealth and education which might be 

important determinants of sex-selective abortions. If abortions are costly, then 

including a control for family wealth is important, as wealthier families are both more 

likely to have a male child (by aborting female fetuses)7 and better able to afford 

prenatal care.8  

Apart from wealth and education, we use three additional variables to address 

the possibility that sex selective abortions are driving our results. First, the data from 

the 1998-9 round of the National Family Health Survey (NFHS) allow us to observe 

the abortion history of the mother (unfortunately, this information is not available in 

other rounds of the NFHS). Both types of abortions (induced and spontaneous) are 

recorded separately in the data. While there are likely to be measurement issues in 

abortion reporting, these data allows us to consider the "fraction of pregnancies 

aborted" as a measure for the propensity to sex selectively abort, the omitted variable 

of concern. Note that while the fraction of induced abortions positively predicts the 

likelihood of observing a male birth, the fraction of spontaneous abortions negatively 

predicts male births (in regressions these are not statistically significant). This is 

consistent with the notion that spontaneous abortions are biologically more likely to 

                                                           
7 While the daily agricultural wage in India was around 57 rupees/day in 1998-9 (and also in 2000-1), 
the cost of an abortion ranges from Rs. 500 (by makeshift midwives) to over Rs. 5000 when performed 
by a doctor. Because the wealth quintile calculated by DHS is nationally representative, we employ 
national sampling weights in all regressions that include wealth. 
8 According to Pörtner (2010) women with at least one boy and women with less than 8 years of 
education almost never practice sex-selective abortions during subsequent pregnancies. We get largely 
similar results when we restrict our sample to mothers who have had at least one boy and with low 
levels of wealth and education (results not shown). 
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occur for male fetuses than for female fetuses, whereas induced abortions are more 

likely to reflect sex-selective abortions. However if mothers with a high probability of 

committing sex-selective abortions systematically underreport induced abortions, our 

results are still somewhat biased. This is certainly a caveat while interpreting these 

results. The second additional variable we include captures income shocks, proxied by 

rainfall shocks (measured at the state level and recorded as a 30 percent deviation 

from the historical mean) in the estimation. If income shocks determine both parents' 

ability to control the gender of their child through sex-selective abortion (since 

abortion is an expensive procedure) and parents' ability to invest in prenatal care, then 

controlling for income shocks will help account for this source of omitted variable 

bias. The final variable we add is the gender of the first-born child. Families where the 

first-born child is male are less likely to pursue sex selective abortions since the 

"need" for a boy is already filled (Pörtner 2010). Hence controlling for the gender of 

the first-born is yet another way to control for the likelihood of sex selectively 

aborting in future pregnancies.  

If parental preferences over gender composition of children and factors that 

jointly determine sex-selective abortions and prenatal care are time invariant, then a 

mother fixed effects specification should be a robust way of countering the 

endogeneity concerns raised above. In some cases we have information on prenatal 

care for the previous two births of the same woman. In this instance, we can test 

whether sons receive greater prenatal care using a mother fixed effects specification. 

The basic specification in this case is: 

�3�		��� = "����� + �X�� +�� + ��� 
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where ��� is the type of prenatal investment for child � born to a mother in 

household ℎ. ����� takes the value of 1 when the child is male, X�� consists of 

control variables such as dummy variables for year of birth of the child, birth order, 

and the existing sex ratio of children. ��� captures mother fixed effects including time 

invariant preferences for gender and prenatal care. If prenatal sex discrimination 

exists, we should find that " is greater than zero. 

As long as parental preferences for gender composition and unobserved 

determinants of selective abortions and prenatal care are captured by the mother fixed 

effect, there is no reason to think that ����� is correlated with ��� in Equation 1 and 

the fixed effects specification provides an alternative way of examining the presence 

of selective prenatal care. A valid concern with this estimation strategy is that it treats 

mothers who have had a girl and then a boy and mothers who have had a boy and then 

a girl the same way. This is not true, however, if we believe fertility stopping rules to 

play an important role. To deal with endogenous spacing and bias due to fertility 

stopping rules in the mother effects specifications, we can condition on families where 

the first born is male. Conditional on the gender of the first born (specifically the first 

born being male), subsequent birth outcomes are free from spacing or stopping rule 

bias. 

However, a caveat is that the sample only includes mothers who have given 

birth twice in the five years prior to the survey. Hence, there might be some concerns 

with drawing conclusions about the general population from this sample. These 

concerns are discussed in more detail in the results section. 
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3.2.4  Selective Recall 

It is possible to find a positive 
 if mothers are simply more likely to report 

receiving prenatal care when pregnant with a boy even if actual prenatal care is not 

gender-biased. If males are indeed preferred, then activities that led to a male birth 

might be better remembered. A similar issue arises if parents who have boys 

selectively report more prenatal care due to a social desirability bias towards boys. To 

counter these potential selective recall and reporting concerns we adopt two 

approaches. First, we rely on the timing of spread of ultrasound technology. 

Ultrasound availability in India is well documented. There are reports in India that the 

first ultrasound clinic was opened in the Punjab in 1979 (Washington Post, May 

2006), but widespread use of ultrasound was not achieved until the mid to late 1990s 

(Miller 2001; Bhalotra and Cochrane 2010).9 The advent of ultrasounds, in particular 

portable sonogram machines, has made sex determination less risky, easier to access 

and less expensive (about $12 each, according to The Economist, March 2010). 

Anecdotal evidence suggests that even rural areas are visited by itinerant doctors who 

carry ultrasound machines from town to town, offering sex determination without 

official prenatal care (New York Times, May 2001).10 Thus, to tackle to issues of 

selective recall and reporting, we estimate Equation 1 using the NFHS survey 

                                                           
9 Prior to ultrasounds, sex determination was accomplished primarily through the use of amniocentesis, 
a more invasive procedure involving the removal of amniotic fluid through a needle inserted into the 
maternal abdomen. For an excellent review on the timing of ultrasound technology spread see Bhalotra 
and Cochrane (2010). 
10 As we present results from China later in the paper, it is useful to mention that in China, ultrasound 
technology became available as early as 1965 in a few counties but coverage did not accelerate until the 
1980s; by the end of the 1980s much of the country had access to an ultrasound machine (Meng 2010). 
For details on the spread of ultrasound machines and its consequences for sex-selective abortion in 
China, please see Meng (2010). 
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conducted in 1992, before ultrasounds spread to many regions in India. If mothers are 

no more likely to remember or report prenatal care when they deliver boys than when 

they deliver girls, we expect to find that 
 is small and statistically insignificant for 

this sample. 

A second approach is to exploit the timing of prenatal care. Sex determination 

is typically possible in the third or fourth month of pregnancy. In the absence of 

selective recall/reporting, we should find that prenatal care taken early in the 

pregnancy before sex determination is possible does not systematically differ for 

female versus male fetuses. Thus we would expect 
 to be small and statistically 

indistinguishable from zero for prenatal investments made during the first four months 

of gestation. 

Finally, if the social desirability bias for boys is stronger for some families, we 

would expect that these unobserved traits are constant within families. In this case, the 

mother fixed effects specification we employ should mitigate any remaining concerns 

with bias arising from selective reporting. 

3.2.5 Medical Complications 

It is possible that male fetuses simply require more prenatal care than female 

fetuses. Hence, a concern could be that medical reasons rather than gender 

discrimination drive parents to give more prenatal care to male fetuses than female 

fetuses. We attempt to rule out this alternate explanation by examining data on 

pregnancy complications. The NFHS and RCH (Reproductive and Child Health 

Surveys) collect detailed data on pregnancy complications such as fatigue, night 

blindness, excessive bleeding, et cetera. Our concern would be mitigated if 
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pregnancies that result in a male birth are not associated with significantly more 

complications than those resulting in a female birth. 

3.3 Data 

The data on pregnancies and prenatal investments used in this paper come 

from a wide array of sources that vary by country. The Indian sample is created using 

the 1998-9 and 2005-6 rounds of the National Family Health Survey (NFHS). In 

addition, we use two rounds of the Reproductive and Child Health (RCH) surveys 

from India to replicate our basic results.11 The RCH is a much larger database; 

however, we do not use it as the basis for our main results for two important reasons. 

First, the use of the 1992 NFHS is important in establishing that our results are not 

seen at a time when ultrasound use was not as prevalent – the RCH only has data 

starting in 1998. Second, the RCH does not appear to collect information on wealth 

quintiles which is an important control variable in this case as wealthier people are 

perhaps more likely to obtain sex selective abortions. Regardless, we use the RCH to 

show that our results are not simply an artifact of using the NFHS. 

The Bangladeshi sample draws from four waves of the Demographic and 

Health Survey (DHS), including the 1996-7, 1999-2000, 2004, and 2007 rounds. The 

Chinese data come from the China Health and Nutrition Survey (CHNS), an ongoing 

project that collects panel data from nine provinces. For this paper, we use the 1991, 

1993, 1997, 2000, 2004, and 2006 rounds. Additional robustness checks uses samples 

drawn from other DHS rounds in Pakistan (2006-7), Ghana (1993, 1998, 2003, 2008), 

                                                           
11 The RCH is a representative survey from India covering approximately a 1000 households per 
district. For details, please see http://www.rchiips.org/. 
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Sri Lanka (1987) and Thailand (1987). The NFHS, RCH, and all DHS rounds are 

comprised of nationally representative samples with respect to each country. Appendix 

Table 1 displays general descriptions of all samples used in this paper. 

Although the data in the paper are collected from many different sources, the 

method of constructing the estimation samples is very similar across all countries. 

Within each country we use the sample of ever married women generally between the 

ages of 15 and 49. Information is collected retrospectively about the pregnancy history 

of each woman, including detailed prenatal investment data from the most recent 

pregnancy previous to the survey. In the 1998 round of the NFHS, mothers report 

information about their two most recent pregnancies, allowing for the construction of a 

panel dataset suitable for fixed effects estimation (see previous section). We collect 

basic information such as age and educational attainment about mothers and wealth 

quintile of the family, as well as geographical data about their place of residence 

which is used to generate the spatial fixed-effects included in all subsequent 

regressions. Summary statistics for mother characteristics are presented in Appendix 

Table 2 for India (not shown for the remaining countries). Average educational 

attainment is generally low but displays considerable variation across countries. In 

India, the average mother in the sample is 28 years old and has completed only 

primary school. 

With the exception of the fixed effects specifications, we restrict our attention 

to the most recent birth previous to the survey. In order to obtain the most accurate 

information, we consider only those births that have occurred in the five-year span 

leading up to the survey round. Appendix Table 2 indicates that about 55 percent of 
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pregnancies are male in India. In countries with low or no son preference (Ghana, Sri 

Lanka, and Thailand), male pregnancies occur only 51 percent to 52 percent of the 

time; however in countries with stronger son preference (China, Bangladesh, 

Pakistan), the ratio is generally higher, with 56 percent of Chinese pregnancies 

resulting in a live birth being male.12 We focus our attention on the following 

measures of prenatal investments, although not all variables are available for all 

rounds in all countries: prenatal care and the number of visits, tetanus shots received, 

iron supplements taken during pregnancy, and whether the mother chose to deliver her 

child in a health facility or at home. Appendix Table 2 displays the summary statistics 

for these outcomes of interest and means of dependent variables are presented in each 

table. Prenatal care and receipt of tetanus shots is fairly common, occurring in about 

72 percent and 78 percent of pregnancies in India, respectively. However, Indian 

women choose to give birth in a non-home facility for only 35 percent of pregnancies. 

Online Appendix Table 1 details the loss in number of observations due to missing 

control variables or due to lack of questions appearing in certain surveys. 

 

3.4 Results 

Table 1 estimates the simple specification as in Equation 1 with sequential 

addition of variables in Columns 1-5 using "at least two prenatal visits" as the 

dependent variable. We examine other dependent variables in subsequent tables. Since 

                                                           
12 Perhaps due to the One Child Policy, birth order is not available in the Chinese data and most mothers 
in the sample have one or no children. Instead, we include pregnancy number as a control variable. 
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we rely on this dependent variable to deal with the possibility of sex selective abortion 

via reverse causality (we do not have the timing of other variables for example), this is 

our main outcome variable of choice. The coefficient on male drops from 0.024 to 

0.018 when all control variables are added. While this difference is not statistically 

significant, it is important to note that mother's characteristics and household wealth 

might be correlated with omitted variables like the propensity to sex selectively abort, 

while also influencing the outcome variable. This is one reason why the addition of 

these control variables influences the magnitude of the coefficient on male.13 

When we restrict the analysis to the northern region of India in Column 6 

(Punjab, Haryana, Himachal Pradesh, Uttar Pradesh, and Rajasthan), we see a much 

larger magnitude of discrimination; mothers pregnant with boys in North Indian states 

are nearly 3 percentage points more likely to attend prenatal care at least twice (as 

opposed to 1.8 percentage points for the country as a whole). This is consistent with 

other studies that find more skewed sex ratios in these regions (Jha et al. 2006), 

suggesting higher levels of son preference as well as greater availability of ultrasound 

technology (as noted earlier, Punjab was one of the first states to receive this 

technology).14 We see slightly larger magnitudes (compared to the full sample) for 

samples where the previous children of the women are majority female (the children 

prior to the latest birth), although the differences in magnitudes in this sample relative 

                                                           
13 The differences in coefficient sizes across specifications in Columns (1)-(5) reflect only changes due 
to adding covariates and not changes sample size, as the sample is held constant across these 
specifications. 
14 A concern might be that the northern states are the states also with the greatest proportion of sex 
selective abortions. To deal with the spatial diffusion of ultrasound technology and sex selective 
abortions, we examine states with lower than median and lower than the 75th percentile in the growth 
of male gender ratios from 1992-2005. Even for these samples we find a statistically significant gender 
gap (results not shown, available upon request). 
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to those in the full sample are not significant (comparing Columns 7 and 5). If son 

preference is present, we should find that samples where women previously have had 

female children should be even more likely to differentially invest if their most recent 

pregnancy is a boy. For this sample of majority female in the past children of the 

mother, we find that mothers pregnant with a boy are 2.1 percentage points more 

likely to attend prenatal care two times or more (also see Figure 1). Hence, for India, 

we find strong, consistent evidence that women utilize more prenatal care when 

pregnant with a boy than when they are pregnant with a girl. 

Columns 8 and 9 break the sample up by ultrasound receipt. Since receipt of 

ultrasound is important to understand the results, we examine this in detail in Table 2, 

along with another prenatal care outcome of tetanus shots. As mentioned earlier, we 

have ultrasound receipt information for a subset of the Indian sample. While the 2005-

6 round asks about ultrasound usage during each pregnancy in the past 5 years, the 

1998-99 round only asks about ultrasound usage among the sample of women who 

had at least one prenatal checkup. Having ultrasound receipt information is critical to 

our work as ultrasounds are a likely necessity to know the sex of the child. In order to 

make the samples comparable, we first pool the surveys and restrict the sample to 

those women who had at least one prenatal checkup. Within this sample, we examine 

whether mothers pregnant with males and receiving an ultrasound visit prenatal clinics 

multiple times. Because this sample of women are those who have already attended a 

prenatal checkup, they are the most likely to pursue additional prenatal care. 

Accordingly, the high sample means of these outcomes (often as high as 95-98 
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percent) lead us to believe that an extreme value distribution is more appropriate and 

thus we employ Logit specifications when using this sample. 

Table 2 Panel A finds that women pregnant with males are more likely to make 

multiple prenatal visits when an ultrasound is received. They are also more likely to 

receive a tetanus shot when they report having had an ultrasound, although this is 

statistically significant only for the northern region and for the sample whose previous 

children are mainly female. These results stand in contrast to those for women who do 

not receive ultrasounds and are therefore unlikely to know the sex of their unborn 

child. With the exception of tetanus shots in the full sample, women who do not report 

receiving ultrasounds do not systematically discriminate in favor of male fetuses. The 

differences in coefficients on the male dummy variable in the two samples (those with 

and without ultrasounds) are statistically significant across all specifications, with the 

exception of tetanus in the full sample and antenatal visits in the majority female 

sample. 

Panel B examines all births in the 2005-6 survey (since ultrasound information 

was asked of everyone, not just mothers who had a prenatal checkup). We use similar 

outcome measures as Panel A to keep matters consistent, but also because a very large 

fraction of those who report having had an ultrasound also report having attended 

prenatal care at least once (98.75 percent). Panel B is also consistent with our results 

so far, showing that women who receive ultrasounds take differentially better care of 

their male fetuses (although the results for the sample with majority female are not 

statistically significant). In the samples of women who did not receive an ultrasound 

during their pregnancies, we find no evidence of gender discrimination in prenatal 
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care, although the difference in coefficients across the ultrasound and non-ultrasound 

samples is statistically significant only for antenatal checkups in the full and northern 

samples. 

However, there are several important caveats with using the ultrasound data. 

First, the ultrasound variable is likely to be measured with noise. Given the illegality 

of sex determination, many women may be reluctant to admit that they have received 

an ultrasound during their pregnancy. Moreover, as discussed in an earlier section, 

ultrasound technology has become available even through unofficial channels. Women 

who determine the sex of their baby without having to engage in formal prenatal care 

may be less likely to recall or report that they have received an ultrasound. For both of 

these reasons, we might expect the proportion of our sample who actually received 

ultrasounds to be much higher than the 14 percent and 27 percent reported in the 1998-

9 and 2005-6 rounds of the NFHS, respectively. 

Next, we explore whether our results hold when we examine various 

subsamples to account for behaviors like son preference based stopping rules, sex 

selective abortion, selective recall, and medical complications. Using the same 

outcome variable as in Table 1 (more than two prenatal checkups), we first examine 

whether son preference stopping rules might bias our results. As explained in Section 

2, following Barcellos, Carvalho, and Lleras-Muney (2010) we restrict the sample to 

families where the youngest child is less than two years old at the time of the survey to 

minimize the bias due to families adjusting their fertility after realizing the sex of the 

child. Column 1 of Table 3 shows that even under this restriction, we see a gender gap 

in prenatal care outcomes. Under a more severe restriction of examining children 
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under the age of one, we still find the presence of a gender gap, and in fact the 

magnitudes are larger for this subsample (although not statistically different from the 

magnitudes observed for the larger population). One drawback of this method is that it 

relies on the assumption of no sex-selective abortions. We can examine these age cut 

offs further in samples where we deal with sex selective abortions and show that our 

results still hold (Online Appendix Table 8). 

We then examine whether sex selective abortions might be driving the results. 

There are two main issues when examining sex selective abortions in this context. 

First, to deal with the possibility of reverse causality, we look for a gender gap in 

prenatal care after an initial visit to prenatal care is completed. If mothers learn the sex 

of their child during the first prenatal visit and choose to abort female fetuses, then we 

would find a mechanical correlation between prenatal care visits (particularly in the 

case of greater than two prenatal care visits) and sex of the child due to sex selective 

abortions, rather than due to sex selective prenatal care. Column 3 of Table 3 shows 

that even in this sample (in which reverse causation is highly unlikely) there remains a 

sizable gender gap in prenatal care undertaken after the first visit. Moreover, when we 

take an even more conservative approach by restricting the sample to women who 

make their first prenatal visit in the final five months of pregnancy (for whom the 

assumption of discovering the sex of the child during the first visit is most credible), 

we find that there remains a high degree of gender discrimination in prenatal care.15 If 

we consider the coefficient on male from Table 1 Column 5 to include a "sex selective 

                                                           
15 We also show that the results hold when we change the outcome variable to "at least three prenatal 
visits" or "at least four prenatal visits", et cetera. (Online Appendix Table 9). 
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abortion" effect and a "gender discrimination effect", then the results from Table 3 

Column 3 likely reflects just the discrimination effect. Unfortunately, the results from 

Table 3 Column 3 and 4 do not provide a clear direction regarding the sign of the bias 

due to sex selective abortion. The larger point however, is that these results are not 

entirely different from the results for the main sample. Hence, it would appear that 

reverse causality is not a big concern here. 

If we consider the factors or characteristics correlated with sex selective 

abortions to be time invariant, then a mother fixed effects approach is another way of 

dealing with omitted variables bias (see Section 2 for a discussion on this). Table 3 

Column 5 estimates the fixed effects specification in Equation 3 for India where we 

have data on the previous two births of the mothers. We find similarly consistent 

results with this specification. Even within families, mothers appear to make more 

investments when pregnant with a boy as opposed to a girl. Compared with the 

estimates of Table 1, the fixed effects estimates are slightly larger in magnitude, 

although the samples are not the same (the mother fixed effects sample contains 

mothers who gave birth twice in the five years prior to the survey in 1998). For the 

same sample, however, OLS estimates yield similar results suggesting the role of 

mother level unobservables to be quite small. Mothers are 2.9 percentage points more 

likely to visit prenatal care at least twice when pregnant with a boy. An issue with the 

mother fixed effects estimates is that spacing might be endogenous and is precisely 

time varying. Thus, the mother fixed effects results might still be biased. To account 

for endogenous spacing issues, we conducted tests where we restricted the sample to 
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mothers where the first born was male and our results hold even for this sample 

(results not shown, available upon request). 

An important caveat here is that the sample size is quite small. Moreover, the 

sample consists of mothers who gave birth twice in the five years prior to the survey 

and have children of differing gender. Hence, we urge some caution while 

extrapolating these results to the general population.16 

We also use three additional control variables to examine the possibility of sex 

selective abortions driving our results. These controls are the fraction of pregnancies 

ending in an abortion, rainfall shocks and gender of the first born child. Table 4 shows 

the results for outcome variable of at least two prenatal visits as in the previous tables. 

Columns 1 through 5 show that the addition of these controls does not alter the main 

findings.17 The data used for this table only uses the 1998-99 survey round as 

questions related to abortions were not asked in subsequent rounds of the NFHS. 

In Table 5, we examine whether our results suffer from recall bias. If mothers 

simply report having taken better prenatal care for males due to some sort of recall 

bias, then results using data from a time when ultrasounds were not widespread should 

also show males receiving greater prenatal care. For a wide range of prenatal care 

outcomes, we show that there does not appear to be a gender gap for births occurring 

between 1987 and 1992. If we test for an overall gender gap in prenatal care using an 

                                                           
16 Statistical test reveal, for example, that this sample is richer and more educated than the full sample. 
A further caveat about mother fixed effects results is that we do not control for the sex ratio of previous 
children. Since the sex ratio variable is only defined for birth orders two and above, including this 
variable forces us to examine an even smaller sample. For consistency, including this variable does not 
change the import of our results. However, for some of the outcome variables examined, we lose 
precision of the estimates. 
17 We examine other prenatal care outcomes with these additional control variables in Appendix Table 
2. 
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aggregated measure across all binary outcome measures (following Kling, Liebman, 

and Katz 2007), we find that males born in 1992 and earlier are 0.004 percentage 

points less likely to receive any care although this aggregate effect is not statistically 

significant (p-value 0.677). As mentioned earlier, ultrasound technology appears to 

have become widespread in the 1990s. Under selective recall, we should find mothers 

reporting greater prenatal care for male babies even in the absence of ultrasound 

receipt. Another way to rule out the possibility of selective recall is to examine 

prenatal care outcomes that occur before fetal gender is detectable. In Table 6 we 

exploit the timing of the first prenatal checkup and show that there is no gender gap in 

prenatal care that occurs within the first four months of pregnancy, when the sex of the 

fetus is unknown. In contrast, there is a large and significant gap in care that takes 

place in the final five months of pregnancy. Here we assume that the sex of the fetus is 

not known during the first four months of pregnancy, however the findings presented 

in this table are robust to a range of different timing assumptions. For example, fetal 

gender does not predict prenatal care within the first two or three months, when it is 

extremely unlikely that a mother knows the gender of her baby. Thus we believe that 

the existence of selective recall cannot explain this pattern of discrimination in our 

results, even within the same pregnancy.18 

Finally, we estimate whether being pregnant with a boy leads to more 

complications during the pregnancy. If carrying a male were more physically taxing 

than carrying a girl, then we might find that women pregnant with boys are more 

                                                           
18 While we lack data on the timing of prenatal visits after the first, the outcome for column 2 of Table 6 
is constructed using information on the timing of the first visit and the total number of prenatal visits. 
See the notes to the table for a detailed description of how this variable is constructed. 
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likely to seek prenatal care for reasons other than gender discrimination. In Table 7 we 

estimate whether being pregnant with a boy is significantly related to complications 

during pregnancy in India.19 Except for the category of "night blindness" we do not 

find any evidence to support the idea that male fetuses medically require greater 

prenatal care through increased complications. Moreover, the size of the coefficient on 

night blindness is extremely small compared to the average level of night blindness 

experienced by mothers in the sample.20 

 

3.4.1 Evidence from Other Countries 

Since the DHS collects extensive prenatal care data, we can extend our 

analysis to other countries in South and Southeast Asia.21 We estimate Equation 1 for 

China, Bangladesh, and Pakistan. These are countries where son preference and 

gender discrimination has been well established in previous studies (Gupta et al. 

2003). We find that the gender bias in prenatal care is not limited to India but is 

pervasive in Southeast Asian countries with a history of son preference. As part of a 

larger robustness check, we estimate Equation 1 for Sri Lanka and Thailand where son 

preference is weak (Arnold, Kishor, and Roy 2002; Hua 2001; Prachuabmoh, Knodel, 

                                                           
19 Appendix Table 6 replicates these estimates using the RCH. The results are very similar. 
20 A concern might be that if women carrying male fetuses do need greater prenatal care, then perhaps 
Table 7 does not reflect differential complications by male because mothers take greater prenatal care 
while pregnant with a male. We rule out this possibility by showing that for the sample that does not 
receive any prenatal care, we find that carrying a male child does not lead to more complications (table 
not shown, available upon request). The other category that shows up significant in this regression is 
anemia. However, the sign on this is negative, suggesting that mothers when carrying a male do more 
things to avoid becoming anemic – a common way to do this is to take iron pills. This is consistent with 
the finding that mothers practice greater prenatal care when pregnant with a male. 
21 In principle, all DHS countries can be used in this analysis. Based on our reading of the literature on 
son preference and gender discrimination, we believe we have focused on a part of the world where this 
is most relevant. 
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and Alers 1974). Finally, we investigate whether sex-selective prenatal care is 

practiced in Ghana, a country with no known son preference (Garg and Morduch 

1998). 

A caveat while interpreting these results is that, with the exception of China, 

we were not able to obtain very detailed information on aspects such as access to 

ultrasound, or the extent of sex selective abortion (the Chinese case is well 

documented in Meng 2010). In the case of Pakistan, while sociological surveys by 

Zubair et al. (2006) suggest that the extent of sex selective abortions in Pakistan is 

quite low, Miller (2001) suggests the opposite. However, both papers suggest rather 

widespread access and use of ultrasound technology beginning in the mid-1990s for 

the use of fetal sex determination. We were unable to get more detailed information 

for other countries in our sample. 

The first four rows of Table 8 display the results of estimating Equation 1 for 

countries that are known to have son preference: China, Bangladesh, and Pakistan 

(both the full sample and the region of Punjab).22 Overall, the results from these 

samples exhibit patterns consistent with sex-selective discrimination in prenatal care. 

In China, women are 4.6 percentage points more likely to get some prenatal care when 

pregnant with a boy, and visit antenatal clinics nearly 10 percent more frequently 

(relative to the mean). In Bangladesh, women are 2.8 percentage points more likely to 

get a tetanus shot when pregnant with a boy. We do not find significant estimates in 

the decision to seek prenatal care, although we do find that women visit prenatal 

clinics seven percent more frequently when pregnant with a boy. In Pakistan, we find 

                                                           
22 Note that not all outcomes are available for China. 
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that women visit prenatal clinics more often and are 2.6 percentage points more likely 

to consume iron pills when pregnant with a boy. In Paskistani Punjab, a region with a 

large number of missing women Gechter (2010), the magnitude of discrimination is 

even larger for some prenatal outcomes; for example, mothers are 4.8 percentage 

points more likely to take iron pills. Taken all together, the evidence in Table 8 

implies that the practice of sex-selective prenatal investments extends beyond India 

and is widespread across areas with well documented son preference. 

Finally, we estimate Equation 1 for countries with no (or at least lesser) 

established son preference. The last three rows of Table 8 displays the estimates for 

Sri Lanka, Thailand, and Ghana. While almost all specifications are statistically 

insignificant, what is relevant for us is that the magnitudes are quite small. At a 

minimum, these coefficients are smaller than what we found for countries with known 

son preference. The estimates in Sri Lanka and Thailand are consistent with lower 

levels of son preference and none are statistically significant. 

 

3.4.3 Other Outcome Variables and Additional 

Robustness Checks 

In Appendix Tables 3-5 and Online Appendix Tables 2-4 we examine whether 

males are more likely to get at least one prenatal visit, whether they get more prenatal 

visits (number of prenatal visits), whether mothers are more likely to take a tetanus 

shot while pregnant with a male, the number of tetanus shots the mother takes while 

pregnant with a male, and whether the delivery took place at home. The various 
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columns in each of the table tackle each of the concerns we listed in Section 2. Taken 

together, the results suggest that males get better prenatal care. If we aggregate the 

effects across all of the binary measures of prenatal care (tetanus shot receipt, prenatal 

visit, iron pill use, and delivery in a non-home facility), we find that males are 1.6 

percent more likely to receive care and that this gender gap in the aggregated measure 

of care is statistically significant (p-value 0.011).23 

As mentioned in Section 3, we can make use of a larger sample containing 

information on prenatal care in the RCH. The RCH, however, is not as rich as the 

NFHS, and thus in Appendix Table 6 we replicate estimations following the full 

sample specifications in Table 1 column 5, 6 and 7. Our basic results hold when we 

use this data set. Online Appendix Table 5 shows the results for complications during 

pregnancy and its correlation with a male birth using the RCH. Again, it appears that 

instances where a woman is pregnant with a boy are not more likely to result in more 

complications. 

 

3.4.3 Impact on Excess Female Neonatal Mortality 

A question of interest in this context is, "How many more girls would there be 

under equal treatment of prenatal care"? In this section, we attempt to answer this 

question by examining the gender differential in maternal tetanus vaccinations rather 

than general prenatal care. This is mainly because prenatal care is multidimensional in 

                                                           
23 Our methodology follows Kling, Liebman, and Katz (2007) to aggregate across the four outcomes: 
tetanus shot receipt, prenatal checkup, iron pill use and delivery in a non-home facility. Results using 
iron pill use as the outcome variable are not shown: most of these effects are small and statistically 
insignificant. Since all of these outcomes are binary, the aggregate measure is not normalized but 
instead is a simple unweighted mean of the coefficient on the male dummy variable. 
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nature and can vary from facility to facility; this makes it difficult to assess the causal 

role that prenatal care plays in determining infant or child mortality. However, tetanus 

is a rather specific infection to which neonates are particularly susceptible. Moreover, 

as mentioned earlier, tetanus shots have a large impact on reducing neonatal deaths. 

We calculate (with some assumptions) the number of girls that would have been saved 

in the neonatal stage had there been no gender bias in the receipt of tetanus 

immunizations. 

While neonatal deaths occur more frequently among males, this does not mean 

that there are no "excess" female deaths in the neonatal stage. In our sample for India, 

the observed neonatal death rate is 2.24 percent for girls. Female neonatal mortality 

rate in Ghana and Italy is around 1.93 percent. Using the sex ratio in neonatal 

mortality from these countries (since they are presumed to be free of son preference), 

we impute a neonatal mortality rate for women in India to be around 1.94 percent.24 

Thus excess female neonatal mortality – the amount that the rate exceeds what we 

expect under equal treatment – is 0.31 percentage points in India.25 

Our estimates from Appendix Table 4 suggest that males are 1.1 percent more 

likely to receive tetanus shots than females (this is our smallest effect across all 

specifications for India). This implies that for every 100 boys, only 98.9 girls receive 

tetanus shots. If we take estimates from Rahman et al. (1982), we would believe that 

                                                           
24 Ulizzi and Zonta (2002) find that the sex ratio in neonatal deaths is 0.59. Given that we observe 958 
neonatal deaths among boys in our sample, the natural rate for girls would be 1.94 percent in order to 
maintain the proper sex ratio. That is, the number of neonatal deaths among girls that we expect in order 
to yield the sex ratio of 0.59 is given by 958/(958+x) = 0.590, in other words 665.7 deaths. Since we 
have 34,239 female births in our sample, this implies a natural or equal treatment neonatal mortality 
rate of 665.7/34,239 = 1.94 percent for girls. 
25 Please see the Appendix for details on all calculations in this section. 
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babies face a mortality rate that is 3.03 times higher in the neonatal stage if the mother 

did not receive a tetanus shot. Since 80.3 percent of all mothers pregnant with girls 

receive tetanus shots, the implied neonatal mortality rate for those whose mothers 

received the shots is 1.6 percent and 4.85 percent for those whose mothers did not. 

This means that had the 1.6 girls that did not receive tetanus shots actually 

received one, 0.008 more girls would have survived than in the case of differential 

treatment. Hence, unequal allocation of tetanus shots can explain around 2.58-2.67 

percent of the "excess" female mortality in the neonatal stage (depending on whether 

we use the benchmark estimate from Italy or Ghana). If instead we use our largest 

estimates that males are 2.9 percent more likely to receive tetanus shots (from 

Appendix Table 4, the mother fixed effects column), we conclude that unequal 

allocation of tetanus immunizations can explain around 7.0-7.2 percent of the excess 

female neonatal mortality (again, depending on which estimate for equal treatment we 

use). Therefore, we believe that discriminatory practices with regards to tetanus 

vaccinations during the prenatal period can explain between 2.6-7.2 percent of the 

excess female mortality in the neonatal period.26 

 

3.5 Conclusion 

This paper examines whether preference for sons in India leads parents to 

differentially invest in their unborn children. We find evidence that parents invest in 

greater prenatal care when pregnant with a boy. We largely rule out confounding 

                                                           
26 If we instead use our estimates from the ultrasound sample, we find a lower bound estimate that 
discrimination in tetanus shot receipt explains 0.6 percent of excess female neonatal mortality. 
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factors such as biological biases, the presence of sex-selective abortion, son 

preference-based fertility rules and selective recall of prenatal care. Moreover, we find 

no evidence of sex-selective prenatal care in countries with weak or no son preference 

nor do we see gender biased investments in years before widespread availability of sex 

determination technologies. Hence, the weight of the evidence points towards gender 

discrimination in prenatal investments. In addition, we find sex-selective prenatal care 

in tetanus to have important consequences in relation to female neonatal mortality 

rates. Female neonatal mortality is higher than what it should be under equal treatment 

in India; we estimate that equal treatment of tetanus shots alone should decrease this 

gap by 2.6-7.2 percent. In reality, prenatal care is most often multidimensional in 

nature and women who seek tetanus shots are likely to receive other types of care as 

well (even within the same visit), further improving health outcomes for their unborn 

children. If we knew the causal effects of bundled prenatal care on neonatal and infant 

mortality, we would be able to explain a greater proportion of excess female mortality. 

We believe our results contribute to the literature in three ways. First, our 

paper adds to the growing body of work examining consequences of son preference in 

South and Southeast Asia. We believe we are the first to give empirical evidence that 

such son preference leads to sex-selective prenatal investments in these regions. 

Correlations between various dimensions of prenatal care (such as tetanus shot receipt 

and iron pill supplements) and outcomes such as neonatal deaths and birth weight 

show that infants who receive some prenatal care are better off in terms of lower 
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mortality and higher birth weight.27 Hence, sex-selective prenatal care can be 

associated with differential birth weight and neonatal death rates among boys and 

girls. 

Second, policy in countries like India is focused on a natural and important 

outcome of sex-based discrimination – survival rates of females measured via sex 

ratios at different ages. Given the findings from the vast literature linking early 

childhood health (such as birth weight) and later life outcomes, our results imply that 

effect of gender discrimination in prenatal care might also be seen in the long run via 

decreased labor market opportunities or decreased educational attainment for women. 

Hence, even if the imbalance of sex ratios improves over time, we should worry about 

the possibility of sex-selective prenatal care. 

Third, we provide a unique perspective on the literature concerned with 

parental investments based on child endowments. Our study brings into question the 

very process of the endowment formation; child endowments, often measured as birth 

weight are themselves the result of parental preferences over gender. Hence, studies 

investigating these relationships in developing countries with son preference must 

seriously consider the possibility that parents differentially invest based on the sex of 

their unborn child. 

 

  

                                                           
27 These correlations from the NFHS data are available upon request. 



182 

 

 

 

3.6 References 

Aizer, Anna, and Flavio Cunha. 2010. “Child Endowments, Parental Investments and 
the Development of Human Capital.” Brown University Working Paper. 
 
Almond, Douglas, Kenneth Y. Chay, and David S. Lee. 2002. “Does Low Birth 
Weight Matter? Evidence from the US Population of Twin Births.” University of 
California, Berkeley, Center for Labor Economics Working Paper 53. 
 
Almond, Douglas, Hongbin Li, and Lingsheng Meng. 2010. “Son Preference and 
Early Childhood Investments in China.” Unpublished manuscript.  
 
Almond, Douglas, and Bhashkar Mazumder. 2005. “The 1918 Influenza Pandemic 
and Subsequent Health Outcomes: An Analysis of SIPP Data.” American Economic 

Review 95(2): 258-262. 
 
Arnold, Fred, Sunita Kishor, and T.K. Roy. 2002. “Sex-selective Abortions in India.” 
Population and Development Review 28(4): 759-785. 
 
Ashenfelter, Orley, and Cecilia Rouse. 1998. “Income, Schooling, and Ability: 
Evidence from a New Sample of Identical Twins.” Quarterly Journal of Economics 
113(1): 253-284. 
 
Barcellos, Silvia Helena, Leandra Carvalho, and Adriana Lleras-Muney. 2010. “Child 
Gender and Parental Investments in India: Are Boys and Girls Treated Differently?” 
Mimeo, UCLA.  
 
Behrman, Jere R., and Mark R. Rosenzweig. 2004. “Returns to Birthweight.” Review 

of Economics and Statistics 86(2): 586-601. 
 
Behrman, Jere R., Mark R. Rosenzweig, and Paul Taubman. 1994. “Endowments and 
the Allocation of Schooling in the Family and in the Marriage Market: The Twins 
Experiment.” Journal of Political Economy 102(6): 1131-1174. 
 
Bhalotra, Sonia, and Tom Cochrane. 2010. “Where Have all the Young Girls Gone? 
On the Rising Trend in Sex Selection in India.” University of Bristol Working Paper. 
 
Bharadwaj, Prashant, and Juan Eberhard. 2010. “Atmospheric Air Pollution and Birth 
Weight.” Working Paper. 
 
Black, Sandra E., Paul J. Devereux ,and Kjell Salvanes. 2007. “From the Cradle to the 
Labor Market? The Effect of Birth Weight on Adult Outcomes.” The Quarterly 

Journal of Economics 122(1): 409-439. 



183 

 

 

 

Blencowe, Paul, Joy Lawn, Jos Vandelaur, Martha Roper, and Simon Cousens. 2010. 
“Tetanus Toxoid Immunization to Reduce Mortality from Neonatal Tetanus.” 
International Journal of Epidemiology 39(suppl 1): i102-i109. 
 
Dahl, Gordon, and Enrico Moretti. 2008. “The Demand for Sons: Evidence from 
Divorce, Fertility, and Shotgun Marriage.” Review of Economic Studies 75(4): 1085-
1120. 
 
Drèze, Jean, and Amartya Kumar Sen. 1992. Hunger and Public Action. Oxford 
[England]: Clarendon Press.  
 
Dugger, Celia W. 2001. “Abortion in India Is Tipping Scales Sharply Against Girls.” 
New York Times. April 22. 
 
The Economist. 2010. “The Worldwide War on Baby Girls.” March 4. 
 
Garg, Ashish, and Jonathan Mordoch. 1998. “Sibling Rivalry and the Gender Gap: 
Evidence from Child Health Outcomes in Ghana.” Journal of Population Economics 
11(4): 471-493. 
 
Gechter, Michael. 2010. “Examining the Sex Ratio in Pakistan.” Unpublished 
manuscript. 
 
Gortmaker, Steven L. 1979. “The Effects of Prenatal Care Upon the Health of the 
Newborn.” American Journal of Public Health 69(7): 653-660. 
 
Gupta, Monica Das. 1987. “Selective Discrimination Against Female Children in 
Rural Punjab, India.” Population and Development Review 13(1): 77-100. 
 
Gupta, Monica Das, Jiang Zhenghua, Li Bohua, Xie Zhenming, Woojin Chung, and 
Bae Hwa-Ok. 2003. “Why Is Son Preference So Persistent in East and South Asia? A 
Cross-country Study of China, India and the Republic of Korea.” Journal of 

Development Studies 40(2): 153-187. 
 
Gupta, Shiv D., and Penelope M. Keyl. 1998. “Effectiveness of Prenatal Tetanus 
Toxoid Immunization Against Neonatal Tetanus in a Rural Area in India.” The 

Pediatric Infectious Disease Journal 17(4): 316-321. 
 
Hu, Luojia, and Analia Schlosser. 2011. “Prenatal Sex Selection and Girls’ Well-
Being: Evidence from India.” IZA Working Paper 5562. 
 
Hua, Cai. 2001. A Society without Fathers or Husbands: The Na of China. Cambridge: 
MIT Press. 
 



184 

 

 

 

Jayachandran, Seema, and Ilyana Kuziemko. 2011. “Why Do Mothers Breastfeed 
Girls Less Than Boys? Evidence and Implications for Child Health in India.” 
Quarterly Journal of Economics 26(3):1485-1538. 
 
Jha, Prabhat, Rajesh Kumar, Priya Vasa, Neeraj Dhingra, Deva Thiruchelvam, and 
Rahim Moineddin. 2006. “Low Male-to-Female Sex Ratio of Children Born in India: 
National Survey of 1.1 Million Households.” The Lancet 367(9506): 211-218. 
 
Katz, Neil S. 2003. “Abortion in India: Selecting by Gender.” The Washington Post. 
May 20.  
 
Kling, Jeffrey R., Jeffrey B. Liebman, and Lawrence F. Katz. 2007. “Supplement to 
‘Experimental Analysis of Neighborhood Effects’.” Econometrica 75(1): 83-119. 

Lhila, Aparna, and Kosali I. Simon. 2008. “Prenatal Health Investment Decisions: 
Does the Child’s Sex Matter?” Demography 45(4): 885-905. 
 
Loughran, David S., Ashlesha Datar, and M. Rebecca Kilburn. 2004. “The Interactive 
Effect of Birth Weight and Parental Investment on Child Test Scores.” RAND Labor 
and Population Working Paper WR-168. 
 
Meng, Lingsheng. 2010. “Prenatal Sex Selection and Missing Girls in China: 
Evidence from the Diffusion of Diagnostic Ultrasound.” Working Paper. 
 
Miller, Barbara D. 2001. “Female-selective Abortion in Asia: Patterns, Policies, and 
Debates.” American Anthropologist 103(4): 1083-1095. 
 
Osmani, Siddiq, and Amartya Sen. 2003. “The Hidden Penalties of Gender Inequality: 
Fetal Origins of Ill-health.” Economics & Human Biology 1(1): 105-121. 
 
Oster, Emily. 2009. “Proximate Causes of Population Gender Imbalance in India.” 
Demography 46 (2): 325-339. 
 
Pitt, Mark M., and Mark R. Rosenzweig. 1990. “Estimating the Intrahousehold 
Incidence of Illness: Child Health and Gender-inequality in the Allocation of Time.” 
International Economic Review 31(4): 969-989. 
 
Pörtner, Claus C. 2010. “Sex Selective Abortions, Fertility and Birth Spacing.” 
Working Paper. 
 
Prachuabmoh, Visid, John Knodel, and J. Oscar Alers. 1974. “Preference for Sons, 
Desire for Additional Children, and Family Planning in Thailand.” Journal of 

Marriage and the Family 36(3): 601-614. 
 



185 

 

 

 

Qian, Nancy. 2008. “Missing Women and the Price of Tea in China: The Effect of 
Sex-specific Earnings on Sex Imbalance.” Quarterly Journal of Economics 123(3): 
1251-1285. 
 
Rahman, Makhlisur, Lincoln C. Chen, J. Chakraborty, M.D. Yunus, A.I. Chowdhury, 
A.M. Sarder, Shushum Bhatia, and George T. Curlin. 1982. “Use of Tetanus Toxoid 
for the Prevention of Neonatal Tetanus. 1. Reduction of Neonatal Mortality by 
Immunization of Non-Pregnant and Pregnant Women in Rural Bangladesh.” Bulletin 

of the World Health Organization 60(2): 261-267. 
 
Rosenzweig, Mark R., and Junsen Zhang. 2009. “Do Population Control Policies 
Induce More Human Capital Investment? Twins, Birth Weight and China’s ‘One-
Child’ Policy.” Review of Economic Studies 76(3): 1149-1174. 
 
Ulizzi, L., and L. Zonta. 2002. “Sex Differential Patterns in Perinatal Deaths in Italy.” 
Human Biology 74(6): 879-888. 
 
Zubair, F., E. Dahl, S. Sher Shah, M. Ahmed, and B. Brosig. 2006. “Gender 
Preferences and Demand for Preconception Sex Selection: A Survey Among Pregnant 
Women in Pakistan.” Human Reproduction 22(2): 605-609. 
 
Zupan, J., and E. Aahman. 2005. “Perinatal Mortality for the Year 2000: Estimates 
Developed by WHO.” Geneva: World Health Organization. 

 

  



186 

 

 

 

3.7 Appendix  

Calculating the contribution of differential tetanus immunizations to excess 

female mortality 

 

Girls are more likely to survive than boys in the neonatal period for genetic 

and biological reasons. We use female neonatal mortality rate in the Ghanaian DHS 

data as a measure of the "natural" neonatal mortality rate for girls. Restricting the 

sample to the 1998, 2003, and 2008 rounds (in order to be comparable to the NFHS 

time frame used in our regressions), female neonatal mortality rate is 1.93 percent. 

When we use the results of a study in Italy (Ulizzi and Zonta 2002) we impute a 

natural rate of 1.94 percent; thus we are confident that this represents an accurate 

measure of neonatal mortality among girls in the absence of differential treatment and 

use it in all calculations below.28 The neonatal mortality rate is 2.24 percent among 

girls in our sample from India. This implies that the excess female neonatal mortality 

is 2.24 - 1.93 = 0.31 percentage points. 

According to Rahman et al. (1982), babies are 67 percent less likely to die in 

the neonatal period if their mothers received tetanus shots during pregnancy; this 

implies that babies whose mothers did not receive tetanus shots are 3.03 times as 

                                                           
28 Ulizzi and Zonta (2002) find that the sex ratio in neonatal deaths is 0.59. Given that we observe 958 
neonatal deaths among boys in our sample, the natural rate for girls would be 1.94 percent in order to 
maintain the proper sex ratio. That is, the number of neonatal deaths among girls that we expect in order 
to yield the sex ratio of 0.59 is given by 958/(958+x) = 0.590, in other words 665.7 deaths. Since we 
have 34,239 female births in our sample, this implies a natural neonatal mortality rate of 665.7/34,239 = 
1.94 percent for girls.  
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likely to die.29 As mentioned before, the neonatal mortality rate is 2.24 percent among 

girls in the Indian sample. Since 80.3 percent of all mothers pregnant with girls 

receive tetanus shots, the implied neonatal mortality rate for those whose mothers 

were received the shots solves 0.803x + 3.03(1-0.803)x = 2.24. This yields a mortality 

rate of 1.6 percent for female children born to women who received tetanus shots and 

4.85 percent for those whose mothers did not. 

Our estimates in Appendix Table 4show that women are 1.1 percent less likely 

to receive tetanus shots when pregnant with girls than when pregnant with boys. This 

means that for every 100 boys who receive tetanus immunization through their 

mothers, only 98.9 girls do. If mothers were equally likely to receive tetanus shots 

(regardless of fetal gender) then the remaining 1.1 girls out of 100 would have tetanus 

immunity. Under equal treatment the number of girls who die from tetanus is 

0.23(0.016)100 = 0.368 per 100, where 23 percent of neonatal deaths are due to 

tetanus in India (UNICEF 2000) and the neonatal mortality rate is 1.6 percent 

(calculated above).30 Under differential treatment, where 1.6 girls are born to mothers 

who have not had tetanus shots, 0.23((1.1)0.0485 + (100-1.1)0.016) = 0.376 girls die 

per 100 because the 1.1 girls without tetanus immunity face a higher mortality rate of 

4.85 percent (calculated above). Thus, the difference in tetanus shots leads to a 

difference in observed neonatal mortality of 0.376-0.368 = 0.008 deaths per 100 girls. 

Therefore, the gender gap in tetanus shots can explain 0.008/0.31 = 2.58 

percent of excess female neonatal deaths in India (or 2.67 percent if we use the Italian 

                                                           
29 We consider this to be a conservative measure, as Blencowe et al. (2010) find a 94 percent reduction 
in neonatal tetanus when mothers are immunized. 
30 Again, this is likely to be a conservative estimate; Gupta and Keyl (1998) find that tetanus accounts 
for 23-73 percent of all neonatal deaths. 
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benchmark). If we repeat all of the calculations using the upper bound of our estimates 

for India (the mother fixed effect specification, results in Appendix Table 4) we find 

that differential tetanus treatment accounts for 7.23 percent of the gap between the 

natural and observed rates of neonatal mortality (7.0 percent using the imputed rate 

from Italy). Hence we believe that the gender bias in prenatal tetanus immunizations 

can explain 2.6-7.2 percent of excess female neonatal mortality. 
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Figure 3.1. Gender Differentials in Prenatal Care, by Birth 
Parity and Sex Composition of Previous Children

B

G
BB

GG

BBB

GGG

Figure 3.1 illustrates the differential in the likelihood that mothers attend
a prenatal check-up when pregnant with a boy versus when pregnant with
a girl for each birth parity and given the sex composition of the previous
children. For example, B represents the differential between boys and
girls born into a family with 1 existing son, while G represents the
differential between boys and girls born into a family with 1 existing
daughter; BB represents the differential between boys and girls born into
a family with 2 existing sons, and so forth.
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Table 3.1. Prenatal Investments and Gender of the Child 

 
Dependent Variable: Mother Attends at Least 2 Prenatal Checkup 

during Pregnancy (1=Yes, 0=No) 

 
No 

Controls 

Geographic 
and Survey 
Controls 

Adding 
Child-
level 

Controls 

Adding 
Mother-
level 

Controls 

Adding 
Household-

level 
Controls 

  (1) (2) (3) (4) (5) 

Male 0.024*** 0.025*** 0.023*** 0.020*** 0.018*** 
 (0.007) (0.006) (0.006) (0.006) (0.006) 
Urban  0.167*** 0.149*** 0.096*** 0.044*** 
  (0.007) (0.007) (0.007) (0.008) 
Birth Order   -0.045*** -0.038*** -0.033*** 
   (0.002) (0.002) (0.002) 
Existing Sex Ratio of 
Children 

  -0.030*** -0.026*** -0.023*** 

   (0.007) (0.007) (0.007) 
Mother's Age    0.004*** 0.003*** 
    (0.001) (0.001) 
Mother's Education    0.099*** 0.067*** 
    (0.003) (0.004) 
Family Wealth is in 2nd 
Quintile 

    0.052*** 

     (0.009) 
Family Wealth is in 3rd 
Quintile 

    0.110*** 

     (0.009) 
Family Wealth is in 4th 
Quintile 

    0.162*** 

     (0.010) 
Family Wealth is in 5th 
Quintile 

    0.215*** 

     (0.012) 
Constant 0.597*** 0.779*** 1.059*** 0.828*** 0.738*** 
 (0.005) (0.012) (0.174) (0.166) (0.171) 
Mean of Dependent 
Variable 

0.610 0.610 0.610 0.610 0.610 

State Fixed Effects No Yes Yes Yes Yes 
Year Fixed Effects No Yes Yes Yes Yes 
Birth Year Fixed Effects No No Yes Yes Yes 
Dummy Variable for 
Each HH Wealth Quintile 

No No No No Yes 

Observations 32012 32012 32012 32012 32012 
R-squared 0.001 0.269 0.294 0.324 0.335 
Robust standard errors in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 
Notes: Sample is restricted to most recent birth of ever married women (ages 15-49) within 5 
years previous to the survey. Existing sex ratio is defined as the ratio of boys to the total 
number of births prior to the most recent one. National sample weights are used in all 
regressions. Columns 8 and 9 show Logit coefficients. 
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Table 3.1. Prenatal Investments and Gender of the Child, Continued 

 
Dependent Variable: Mother Attends at Least 2 

Prenatal Checkup during Pregnancy (1=Yes, 0=No) 

 

Northern 
States 
Only 

Majority 
Female 
Sample 

Ultrasound 
Sample 
(Pooled) 

Non-
ultrasound 
Sample 
(Pooled) 

  (6) (7) (8) (9) 

Male 0.029*** 0.021** 0.530** 0.117* 
 (0.011) (0.008) (0.223) (0.061) 
Urban 0.076*** 0.041*** 0.792** 0.341*** 
 (0.016) (0.011) (0.325) (0.112) 
Birth Order -0.035*** -0.029*** -0.158* -0.153*** 
 (0.004) (0.004) (0.095) (0.025) 
Existing Sex Ratio of Children -0.010 -0.086** -0.000 -0.062 
 (0.014) (0.042) (0.259) (0.082) 
Mother's Age 0.006*** 0.004*** 0.029 0.029*** 
 (0.001) (0.001) (0.028) (0.009) 
Mother's Education 0.071*** 0.067*** 0.433*** 0.220*** 
 (0.008) (0.006) (0.127) (0.045) 
Family Wealth is in 2nd Quintile 0.070*** 0.060*** -0.605 0.057 
 (0.019) (0.013) (0.411) (0.083) 
Family Wealth is in 3rd Quintile 0.115*** 0.114*** 0.157 0.251*** 
 (0.020) (0.014) (0.414) (0.093) 
Family Wealth is in 4th Quintile 0.228*** 0.163*** 0.413 0.444*** 
Family Wealth is in 5th Quintile (0.021) (0.016) (0.439) (0.116) 
 0.292*** 0.213*** 0.896* 0.878*** 
Constant (0.025) (0.018) (0.482) (0.195) 
 0.477*** 0.334*** 3.184*** 2.388*** 
Mean of Dependent Variable (0.058) (0.039) (1.086) (0.300) 
State Fixed Effects 0.521 0.628 0.959 0.868 
Year Fixed Effects Yes Yes Yes Yes 
Birth Year Fixed Effects Yes Yes Yes Yes 
Dummy Variable for Each HH 
Wealth Quintile 

Yes Yes Yes Yes 

Observations Yes Yes Yes Yes 
R-squared 8304 14302 5171 16870 
 0.314 0.336 . . 
Robust standard errors in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 
Notes: Sample is restricted to most recent birth of ever married women (ages 15-49) 
within 5 years previous to the survey. Existing sex ratio is defined as the ratio of boys to 
the total number of births prior to the most recent one. National sample weights are used 
in all regressions. Columns 8 and 9 show Logit coefficients. 
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Table 3.2 A. Sex-Selective Prenatal Investments in India: Births to Women with and without 
Ultrasounds (Logit specification) 

 Full Sample Northern Region 

 
At least 2 

Antenatal Visits 
Tetanus Shot 
(1=Yes,0=No) 

At least 2 
Antenatal Visits 

Tetanus Shot 
(1=Yes,0=No) 

PANEL A - 
1998 & 
2005 
Survey 
data, 
restricted to 
women 
who had at 
least 1 
prenatal 
check up 

With 
Ultraso
und 

Withou
t 

Ultraso
und 

With 
Ultraso
und 

Withou
t 

Ultraso
und 

With 
Ultraso
und 

Withou
t 

Ultraso
und 

With 
Ultraso
und 

Withou
t 

Ultraso
und 

  (1) (2) (3) (4) (5) (6) (7) (8) 

Male 
0.530*

* 
0.117* 0.170 0.041 

0.692*
* 

0.080 
0.938*

* 
0.110 

 (0.223) (0.061) (0.233) (0.080) (0.299) (0.118) (0.396) (0.153) 

Constant 
3.184*
** 

2.388*
** 

5.517*
** 

2.292*
** 

2.226 0.362 
5.690*
** 

1.809*
* 

 (1.086) (0.300) (1.137) (0.307) (1.441) (0.575) (1.852) (0.822) 

P-value of 
the test that 
the 
coefficient 
on Male is 
the same in 
the with 
and without 
ultrasound 
samples 

0.074 0.600 0.057 0.051 

Mean of 
Dependent 
Variable 

0.963 0.868 0.974 0.938 0.950 0.844 0.971 0.923 

State Fixed 
Effects 

Yes Yes Yes Yes Yes Yes Yes Yes 

Year Fixed 
Effects 

Yes Yes Yes Yes Yes Yes Yes Yes 

Birth Year 
Fixed 
Effects 

Yes Yes Yes Yes Yes Yes Yes Yes 

Observatio
ns 

5171 16870 5970 16891 1605 3772 1542 3785 

Robust standard errors in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 
Notes: Coefficients (not marginal effects) reported. Sample is restricted to most recent birth (within 
5 years previous to the 2005-6 survey only) of ever married women.  Other controls included are 
mother's age and education, birth order of most recent birth, dummies for each household wealth 
quintile, an urban area dummy and existing sex ratio of children (defined as the ratio of boys to the 
total number of births prior to the most recent one). 
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Table 3.2 A. Sex-Selective Prenatal Investments in India: Births to Women with and 
without Ultrasounds (Logit specification), Continued 

 Majority Female 

 At Least 2 Antenatal Visits Tetanus Shot (1=Yes,0=No) 

PANEL A - 
1998 & 2005  
Survey data, 
restricted to 
women who had 
at least 1 
prenatal check 
up 

With 
Ultrasound 

Without 
Ultrasound 

With 
Ultrasound 

Without 
Ultrasound 

  (9) (10) (11) (12) 

Male 0.589* 0.085 0.673** 0.106 
 (0.314) (0.094) (0.314) (0.123) 
Constant 6.865*** 2.161*** 3.548*** 1.302** 
 (1.574) (0.404) (1.364) (0.526) 

P-value of the 
test that the 
coefficient on 
Male is the 
same in the with 
and without 
ultrasound 
samples 

0.152 0.093 

Mean of 
Dependent 
Variable 

0.964 0.872 0.975 0.941 

State Fixed 
Effects 

Yes Yes Yes Yes 

Year Fixed 
Effects 

Yes Yes Yes Yes 

Birth Year 
Fixed Effects 

Yes Yes Yes Yes 

Observations 2226 7522 2541 7542 

Robust standard errors in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 
Notes: Coefficients (not marginal effects) reported. Sample is restricted to most recent birth 
(within 5 years previous to the 2005-6 survey only) of ever married women.  Other controls 
included are mother's age and education, birth order of most recent birth, dummies for each 
household wealth quintile, an urban area dummy and existing sex ratio of children (defined as 
the ratio of boys to the total number of births prior to the most recent one). 
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Table 3.2 B. Sex-Selective Prenatal Investments in India: Births to Women with and without 
Ultrasounds (Logit specification) 

 Full Sample Northern Region 

 
At Least 2 

Antenatal Visits 
Tetanus Shot 
(1=Yes,0=No) 

At Least 2 
Antenatal Visits 

Tetanus Shot 
(1=Yes,0=No) 

PANEL B - 
2005 Data, 
all women 

With 
Ultraso
und 

Withou
t 

Ultraso
und 

With 
Ultraso
und 

Withou
t 

Ultraso
und 

With 
Ultraso
und 

Withou
t 

Ultraso
und 

With 
Ultraso
und 

Withou
t 

Ultraso
und 

  (1) (2) (3) (4) (5) (6) (7) (8) 

Male 
0.479*

* 
0.036 0.075 0.058 

0.675*
* 

0.064 0.729* 0.125 

 (0.213) (0.053) (0.245) (0.058) (0.318) (0.093) (0.401) (0.099) 

Constant 

4.500*
** 

1.292*
** 

3.055*
** 

1.887*
** 

0.937 
-

1.399*
** 

3.841*
* 

0.500 

 (1.029) (0.266) (0.996) (0.309) (1.344) (0.411) (1.699) (0.457) 

P-value of 
the test that 
the 
coefficient on 
Male is the 
same in the 
with and 
without 
ultrasound 
samples 

0.043 0.946 0.065 0.143 

Mean of 
Dependent 
Variable 

0.947 0.555 0.971 0.761 0.944 0.574 0.971 0.685 

State Fixed 
Effects 

Yes Yes Yes Yes Yes Yes Yes Yes 

Year Fixed 
Effects 

Yes Yes Yes Yes Yes Yes Yes Yes 

Birth Year 
Fixed Effects 

Yes Yes Yes Yes Yes Yes Yes Yes 

Observations 4557 13138 4759 13164 1240 3035 1249 3044 

Robust standard errors in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 
Notes: Coefficients (not marginal effects) reported. Sample is restricted to most recent birth (within 
5 years previous to the 2005-6 survey only) of ever married women.  Other controls included are 
mother's age and education, birth order of most recent birth, dummies for each household wealth 
quintile, an urban area dummy and existing sex ratio of children (defined as the ratio of boys to the 

total number of births prior to the most recent one). 
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Table 3.2 B. Sex-Selective Prenatal Investments in India: Births to Women with and without 
Ultrasounds (Logit specification) 

 Majority Female 

 At Least 2 Antenatal Visits Tetanus Shot (1=Yes,0=No) 

PANEL B - 2005 Data, 
all women 

With 
Ultrasound 

Without 
Ultrasound 

With 
Ultrasound 

Without 
Ultrasound 

  (9) (10) (11) (12) 

Male 0.351 -0.015 0.376 0.047 
 (0.289) (0.082) (0.334) (0.090) 
Constant 4.635*** 0.929** 2.310 1.377** 
 (1.129) (0.431) (1.597) (0.554) 

P-value of the test that 
the coefficient on Male 
is the same in the with 
and without ultrasound 
samples 

0.224 0.093 

Mean of Dependent 
Variable 

0.948 0.567 0.970 0.776 

State Fixed Effects Yes Yes Yes Yes 
Year Fixed Effects Yes Yes Yes Yes 
Birth Year Fixed 
Effects 

Yes Yes Yes Yes 

Observations 2074 5701 2083 5716 

Robust standard errors in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 
Notes: Coefficients (not marginal effects) reported. Sample is restricted to most recent birth 
(within 5 years previous to the 2005-6 survey only) of ever married women.  Other controls 
included are mother's age and education, birth order of most recent birth, dummies for each 
household wealth quintile, an urban area dummy and existing sex ratio of children (defined as 
the ratio of boys to the total number of births prior to the most recent one).  
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Table 3.3. Accounting for Stopping Rules and Reverse Causality due to Sex Selective 
Abortions 

 

Dependent Variable: Mother Attends at Least 2 Prenatal 
Checkups (1=Yes, 0=No) 

 
Children Ages 2 
Years or Less 

Children Ages 1 
Year or Less 

Conditional on at 
Least 1 Visit 

  (1) (2) (3) 

Male 0.022*** 0.030*** 0.013** 
 (0.008) (0.011) (0.005) 

Mean of Dependent Variable 0.602 0.597 0.889 
State Fixed Effects Yes Yes Yes 
Year Fixed Effects Yes Yes Yes 
Birth Year Fixed Effects Yes Yes Yes 
Dummy Variable for Each HH 
Wealth Quintile 

Yes Yes Yes 

Observations 18058 9247 22983 
R-squared 0.337 0.338 0.091 

    
    

 

Conditional on at 
Least 1 Visit (First 
Visit in Final 5 
Months of 
Pregnancy) 

Mother Fixed 
Effects 

 

 (4) (5)  

Male 0.027** 0.029***  
 (0.011) (0.010)  

Mean of Dependent Variable 0.813 0.593  

State Fixed Effects Yes Yes  
Year Fixed Effects Yes Yes  
Birth Year Fixed Effects Yes Yes  
Dummy Variable for Each HH 
Wealth Quintile 

Yes Yes  

Observations 7547 2,692  
R-squared 0.082 0.017  

Robust standard errors in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 
Notes: With the exception of the age-restricted columns (1 and 2) and the fixed effects 
regression (column 5), the sample is restricted to most recent birth of ever married women 
(ages 15-49) within 5 years previous to the survey. Existing sex ratio is defined as the ratio 
of boys to the total number of births prior to the most recent one. National sample weights 
are used in all regressions. Other controls included are mother's age and education, birth 
order of most recent birth, dummies for each household wealth quintile, an urban area 
dummy and existing sex ratio of children (defined as the ratio of boys to the total number of 
births prior to the most recent one). 
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Table 3.4. Accounting for Sex Selective Abortions 

 
Dependent Variable: At Least 2 Prenatal Visits (1=Yes; 

0=No) 

  (1) (2) (3) (4) (5) 

Male 0.029*** 0.028*** 0.028*** 0.028*** 0.028*** 
 (0.008) (0.008) (0.008) (0.008) (0.008) 
Proportion of All Aborted  
Pregnancies 

0.065*    0.053 

 (0.035)    (0.044) 
Proportion of Induced Aborted 
Pregnancies 

 0.079   0.027 

  (0.060)   (0.081) 
Negative Rain Shock (Year of 
Conception) 

  0.006  0.006 

   (0.015)  (0.015) 
Firstborn Child Was Male    0.006 0.006 
    (0.013) (0.014) 

Mean of Dependent Variable 0.573 0.573 0.565 0.573 0.565 
State Fixed Effects Yes Yes Yes Yes Yes 
Survey Year Fixed Effects Yes Yes Yes Yes Yes 
Birth Year Fixed Effects Yes Yes Yes Yes Yes 
Dummy for Each Wealth Quintile Yes Yes Yes Yes Yes 
Observations 13,877 13,877 10,363 13,877 10,363 
R-squared 0.379 0.379 0.385 0.379 0.385 

Robust standard errors in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 
Notes: Sample is restricted to most recent birth of ever married women (ages 15-49) within 5 years 
previous to the 1998-9 survey only. Proportion of All Aborted Pregnancies is defined as total 
abortions/total pregnancies. Proportion of Induced Aborted Pregnancies is defined as total induced 
abortions/total pregnancies. Negative Rain Shock is equal to 1 if the yearly rainfall at the state level 
is more than 30% above or below the 20-year state-specific average during the year of conception. 
Rainfall information not available for all states. Other controls include mother's age, mother's 
education, dummy for urban, birth order, and existing sex ratio of children (defined as the ratio of 
boys to the total number of births prior to the most recent one). National sample weights are used in 
all regressions. 
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Table 3.5. Sex-Selective Prenatal Investments in India: Pre-Ultrasound Period (births in 
1992 and earlier) 

 
At Least 2 Visits 
(1=Yes, 0=No) 

Prenatal Care 
(1=Yes, 0=No) 

Number of 
Prenatal 
Visits 

Tetanus Shot 
(1=Yes, 0=No) 

  (1) (2) (3) (4) 

Male 0.003 0.005 0.046 0.008 
 (0.008) (0.008) (0.033) (0.008) 

Mean of Dependent 
Variable 

0.549 0.457 2.077 0.598 

Observations 16998 16970 16130 16879 
R-squared 0.301 0.279 371 0.263 

     

 
Number of 

Tetanus Shots 
Iron Pills 

(1=Yes, 0=No) 

Non-Home 
Delivery 
(1=Yes, 
0=No) 

 

 (5) (6) (7)  

Male 0.027 0.017** 0.004  
 (0.020) (0.008) (0.006)  
Mean of Dependent 
Variable 

1.354 0.509 0.189  

Observations 16919 16957 16998  
R-squared 0.249 0.264 0.311  

Robust standard errors in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 
Notes: Sample is restricted to most recent birth occurring within 5 years previous to the 
1992 survey round by ever married women (ages 15-49). Controls include: state fixed 
effects, birth year fixed effects, survey year fixed effects, mother's age, mother's education, 
dummy for urban, birth order, dummies for wealth quintiles and existing sex ratio of 
children (defined as the ratio of boys to the total number of births prior to the most recent 
one). All regressions include national sample weights. Number of Prenatal visits is trimmed 
at the 95% level. 
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Table 3.6. Sex-Selective Prenatal Investments in India: Timing of Prenatal Care 

 

Prenatal Care Received WITHIN 
First Four Months of Pregnancy 

(1=Yes, 0=No) 

Prenatal Care Received AFTER 
First Four Months of Pregnancy 

(1=Yes, 0=No) 
  (1) (2) 

Male 0.007 0.013** 
 (0.006) (0.006) 

Mean of 
Dependent 
Variable 

0.659 0.435 

Observations 32233 32233 
R-squared 0.244 0.321 

Robust standard errors in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 
Notes: Sample is restricted to most recent birth of ever married women (ages 15-49) 
within 5 years previous to survey. Receiving prenatal care after four months of pregnancy 
is defined as 1 if women make their first prenatal visit after four months of pregnancy or 
if they make their first prenatal visit during the first four months of pregnancy but make 
multiple visits over the course of the pregnancy and as 0 otherwise. Controls include: 
state fixed effects, birth year fixed effects, survey year fixed effects, mother's age, 
mother's education, dummy for urban, birth order, and existing sex ratio of children 
(defined as the ratio of boys to the total number of births prior to the most recent one). 
National sample weights are used in all regressions. 
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Table 3.7. Gender and Pregnancy Complications in India 

 
Night Blind-ness 
(1=Yes, 0=No) 

Blurred Vision 
(1=Yes, 0=No) 

Convulsions 
(1=Yes, 0=No) 

Swelling 
(1=Yes, 0=No) 

  (1) (2) (3) (4) 

Male 0.009** 0.003 0.002 -0.006 
 (0.003) (0.004) (0.004) (0.005) 

Mean of 
Dep. Var. 

0.117 0.133 0.125 0.250 

Obs. 32225 32236 32225 32237 
R-sq. 0.059 0.087 0.058 0.025 

 
Fatigue (1=Yes, 

0=No) 
Anemia 

(1=Yes, 0=No) 

Excessive 
Bleeding 

(1=Yes, 0=No) 

Any 
Complication 
(1=Yes, 0=No) 

 (5) (6) (7) (8) 

Male 0.006 -0.015** 0.000 0.001 
 (0.005) (0.007) (0.002) (0.005) 

Mean of 
Dep. Var. 

0.482 0.256 0.039 0.596 

Obs. 32236 13911 32217 32252 
R-sq. 0.054 0.059 0.008 0.052 

Robust standard errors in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 
Notes: Sample is restricted to most recent birth of ever married women (ages 15-49) 
within 5 years previous to the survey. Controls include: state fixed effects, birth year 
fixed effects, survey year fixed effects, mother's age, mother's education, dummy for 
urban, birth order, and existing sex ratio of children (defined as the ratio of boys to the 
total number of births prior to the most recent one). National sample weights are used in 
all regressions. 
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Table 3.8. Sex-Selective Prenatal Care in Other Countries 

 Dependent Variable 

Coefficient on 
Male in various 
countries 

Prenatal 
Care 

(1=Yes, 
0=No) 

Number 
of 

Prenatal 
visits 

Tetanus 
Shot 

(1=Yes, 
0=No) 

Number 
of Tetanus 

Shots 

Iron Pills 
(1=Yes, 
0=No) 

Non-
Home 

Delivery 
(1=Yes, 
0=No) 

  (1) (2) (3) (4) (5) (6) 

China 0.046* 0.346* na na na na 
 (0.027) (0.205)     
Bangladesh 0.003 0.076** 0.028*** 0.039* na 0.001 
 (0.009) (0.037) (0.009) (0.021)  (0.003) 
Pakistan 0.018 0.184* 0.020 0.016 0.026* 0.006 
 (0.015) (0.100) (0.016) (0.039) (0.015) (0.014) 
Pakistan 
(Punjab 
Region) 

0.019 0.268* 0.015 0.014 0.048** 0.026 

 (0.021) (0.152) (0.023) (0.056) (0.022) (0.020) 
Sri Lanka 0.002 na 0.010 na na 0.014 
 (0.008)  (0.016)   (0.014) 
Thailand 0.005 na 0.020 na na 0.014 
 (0.017)  (0.022)   (0.018) 
Ghana -0.013** 0.010 0.004 0.003 0.005 0.003 
  (0.006) (0.078) (0.009) (0.024) (0.010) (0.010) 

Robust standard errors in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 
Notes: Sample is restricted to most recent birth of ever married women (under the age of 52 in 
China and ages 13-49 in Bangladesh) within 5 years previous to the survey. Tetanus information 
and wealth index is not available for China. Wherever available, controls include: state fixed 
effects, birth year fixed effects, survey year fixed effects, mother's age, mother's education, 
dummy for urban, birth order, and existing sex ratio of children (defined as the ratio of boys to 
the total number of births prior to the most recent one). National sample weights are used in all 
regressions. Due to the One Child Policy in China, we do not control for existing sex ratio and 
we include pregnancy number rather than birth order. 
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Appendix Table 3.1.  Description of Regression Samples 

 Country 

 India China 
Banglad

esh Pakistan Ghana 
Sri 

Lanka Thailand 

Survey 
years 

(1992-
3), 1998-
9, 2005-

6 

1991, 
1993, 
1997, 
2000, 
2004, 
2006 

1996-7, 
1999-
2000, 
2004 

2006-7 

1993, 
1998, 
2003, 
2008 

1987 1987 

Birth years 
1995-
2006 

1989-
2006 

1991-
2007 

2001-
2007 

1988-
2008 

1982-
1987 

1982-
1987 

Number of 
observation
s 

36755 1482 15916 5063 14290 2190 1986 

Level of 
spatial fixed 
effects 

State 
Commu
nity 

Region District Region Region Region 

Number of 
communitie
s, states or 
regions 

29 235 6 54 10 7 5 
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Appendix Table 3.2. Summary Statistics for India 

 All Male Female 

 
Mean 

(Std. Dev) Obs. 
Mean 

(Std. Dev) Obs. 
Mean 

(Std. Dev) Obs. 

Mother Characteristics       
Age 28.10 36755 28.10 20041 28.10 16714 
 (5.52)  (5.46)  (5.58)  
Education 0.90 36755 0.921 20041 0.879 16714 
 (1.00)  (1.00)  (0.996)  
National Wealth Quintile 2.95 36755 2.99 20041 2.90 16714 
 (1.37)  (1.37)  (1.37)  
Pregnancy 
Characteristics 

      

Male 0.55 36755     
Birth Order 3.48 36755 3.46 20041 3.50 16714 
 (1.78)  (1.76)  (1.79)  
Existing Sex Ratio of 
Children 

0.49 36755 0.47 20041 0.51 16714 

 (0.39)  (0.39)  (0.39)  
Ultrasound Receipt 
(1=Yes,0=No): 1998-9 
Only 

0.14 9140 0.14 4986 0.13 4154 

Ultrasound Receipt 
(1=Yes,0=No): 2004-5 
Only 

0.27 18888 0.28 10353 0.26 8535 

Prenatal Care (1=Yes, 
0=No) 

0.72 32233 0.73 17503 0.71 14730 

Number of Prenatal visits 2.72 30774 3.16 17377 3.01 14635 
 (2.59)  (3.20)  (3.13)  
Tetanus Shot (1=Yes, 
0=No) 

0.78 32017 0.79 17376 0.77 14641 

Number of Tetanus Shots 1.64 32017 1.66 17376 1.61 14641 
 (1.03)  (1.02)  (1.04)  
Iron Pills (1=Yes, 0=No) 0.61 32166 0.62 17458 0.61 14708 
Days Took Iron 
Supplement 

45.53 17698 46.32 9654 44.58 8044 

 (63.08)  (63.52)  (62.55)  
Non-Home Delivery 
(1=Yes, 0=No) 

0.35 31073 0.36 16869 0.33 14204 

Notes: Education of mother is the highest level of educational attainment: 0 = no education, 1 = 
primary school, 2 = secondary school, 3 = higher education. Sample includes most recent births by 
ever married women (ages 15-49) within 5 years previous to the survey. Existing sex ratio is 
defined as the ratio of boys to the total number of births prior to the most recent one. Statistics 
describe the sample and are thus not weighted. Number of prenatal visits is trimmed at the 95% 
level. 
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Appendix Table 3.3. Sex-Selective Prenatal Investments in India: Any Prenatal Care 

 Dependent Variable: Any Prenatal Care (1=Yes, 0=No) 

 
No 

Controls 

Geographic 
and Survey 
Controls 

Adding 
Child-level 
Controls 

Adding 
Mother-level 
Controls 

Adding 
HH-level 
Controls 

  (1) (2) (3) (4) (5) 

Male 0.016** 0.017*** 0.016*** 0.013** 0.011** 
 (0.007) (0.006) (0.006) (0.006) (0.006) 
Urban  0.133*** 0.116*** 0.071*** 0.026*** 
  (0.007) (0.007) (0.007) (0.007) 

Birth Order 
  -0.042*** -0.033*** 

-
0.028*** 

   (0.002) (0.002) (0.002) 
Existing Sex Ratio of 
Children 

  -0.029*** -0.025*** 
-

0.023*** 
   (0.007) (0.007) (0.007) 
Mother's Age    0.002** 0.001 
    (0.001) (0.001) 
Mother's Education    0.087*** 0.058*** 
    (0.003) (0.004) 
Family Wealth is in 
2nd Quintile 

    0.064*** 

     (0.009) 
Family Wealth is in 
3rd Quintile 

    0.115*** 

     (0.009) 
Family Wealth is in 
4th Quintile 

    0.156*** 

     (0.010) 
Family Wealth is in 
5th Quintile 

    0.196*** 

     (0.012) 
Constant 0.679*** 0.939*** 1.100*** 0.968*** 0.916*** 
 (0.005) (0.011) (0.020) (0.024) (0.025) 

Mean of Dependent 
Variable 

0.688 0.688 0.688 0.688 0.688 

State Fixed Effects No Yes Yes Yes Yes 
Year Fixed Effects No Yes Yes Yes Yes 
Birth Year Fixed 
Effects 

No No Yes Yes Yes 

Dummy Variable for 
Each HH Wealth 
Quintile 

No No No No Yes 

Observations 32,233 32,233 32,233 32,233 32,233 
R-squared 0.000 0.250 0.276 0.300 0.311 

Robust standard errors in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 
Notes: With the exception of columns 8 - 10, the sample is restricted to most recent birth of 
ever married women (ages 15-49) within 5 years previous to the survey. Existing sex ratio is 
defined as the ratio of boys to the total number of births prior to the most recent one. 
National sample weights are used in all regressions. 
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Appendix Table 3.3. Sex-Selective Prenatal Investments in India: Any Prenatal Care, 
Continued  

 Dependent Variable: Any Prenatal Care (1=Yes, 0=No) 

 

Northern 
States 
Only 

Majority 
Female 
Sample 

Children 
Ages 2 
Years or 
Less 

Children 
Ages 1 Year 

or Less 

Mother 
Fixed 
Effects 

  (6) (7) (8) (9) (10) 

Male 0.028** 0.015* 0.014* 0.018* 0.027*** 
 (0.011) (0.008) (0.007) (0.010) (0.010) 
Urban 0.055*** 0.032*** 0.023** 0.037***  
 (0.015) (0.010) (0.010) (0.014)  

Birth Order 
-

0.025*** 
-0.027*** -0.028*** -0.028*** -0.005 

 (0.005) (0.004) (0.003) (0.005) (0.023) 
Existing Sex Ratio of 
Children 

-0.013 -0.084** -0.022** -0.035***  

 (0.014) (0.042) (0.009) (0.012)  
Mother's Age 0.003** 0.002** 0.001 0.000  
 (0.002) (0.001) (0.001) (0.001)  
Mother's Education 0.070*** 0.055*** 0.055*** 0.056***  
 (0.007) (0.005) (0.005) (0.007)  
Family Wealth is in 
2nd Quintile 

0.081*** 0.070*** 0.054*** 0.034**  

 (0.020) (0.013) (0.012) (0.016)  
Family Wealth is in 
3rd Quintile 

0.139*** 0.116*** 0.107*** 0.094***  

 (0.020) (0.014) (0.012) (0.017)  
Family Wealth is in 
4th Quintile 

0.214*** 0.156*** 0.144*** 0.124***  

 (0.021) (0.015) (0.013) (0.018)  
Family Wealth is in 
5th Quintile 

0.268*** 0.187*** 0.191*** 0.174***  

 (0.024) (0.017) (0.015) (0.021)  
Constant 0.740*** 0.820*** 0.931*** 1.119*** 0.730*** 
 (0.116) (0.034) (0.030) (0.059) (0.082) 

Mean of Dependent 
Variable 

0.601 0.704 0.685 0.684 0.692 

State Fixed Effects Yes Yes Yes Yes Yes 
Year Fixed Effects Yes Yes Yes Yes Yes 
Birth Year Fixed 
Effects 

Yes Yes Yes Yes Yes 

Dummy Variable for 
Each HH Wealth 
Quintile 

Yes Yes Yes Yes Yes 

Observations 8,369 14,413 18,149 9,290 2,692 
R-squared 0.287 0.317 0.313 0.317 0.025 

Robust standard errors in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 
Notes: With the exception of columns 8 - 10, the sample is restricted to most recent birth of 
ever married women (ages 15-49) within 5 years previous to the survey. Existing sex ratio is 
defined as the ratio of boys to the total number of births prior to the most recent one. 
National sample weights are used in all regressions. 
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Appendix Table 3.4. Sex-Selective Prenatal Investments in India: Tetanus shot during 
pregnancy 

 Dependent Variable: Tetanus Shot (1=Yes, 0=No) 

 
No 

Controls 

Geographic 
and Survey 
Controls 

Adding 
Child-level 
Controls 

Adding 
Mother-level 
Controls 

Adding 
HH-level 
Controls 

  (1) (2) (3) (4) (5) 

Male 0.018*** 0.017*** 0.015*** 0.013** 0.011** 
 (0.006) (0.006) (0.006) (0.005) (0.005) 
Urban  0.103*** 0.083*** 0.043*** 0.000 
  (0.006) (0.006) (0.006) (0.007) 

Birth Order 
  -0.048*** -0.039*** 

-
0.034*** 

   (0.002) (0.002) (0.002) 
Existing Sex Ratio of 
Children 

  -0.034*** -0.030*** 
-

0.028*** 
   (0.006) (0.006) (0.006) 
Mother's Age    0.001* 0.001 
    (0.001) (0.001) 
Mother's Education    0.079*** 0.050*** 
    (0.003) (0.003) 
Family Wealth is in 
2nd Quintile 

    0.067*** 

     (0.009) 
Family Wealth is in 
3rd Quintile 

    0.140*** 

     (0.009) 
Family Wealth is in 
4th Quintile 

    0.178*** 

     (0.009) 
Family Wealth is in 
5th Quintile 

    0.185*** 

     (0.011) 
Constant 0.768*** 0.909*** 1.081*** 0.970*** 0.903*** 
 (0.004) (0.012) (0.020) (0.024) (0.025) 

Mean of Dependent 
Variable 

0.777 0.777 0.777 0.777 0.777 

State Fixed Effects No Yes Yes Yes Yes 
Year Fixed Effects No Yes Yes Yes Yes 
Birth Year Fixed 
Effects 

No No Yes Yes Yes 

Dummy Variable for 
Each HH Wealth 
Quintile 

No No No No Yes 

Observations 32,017 32,017 32,017 32,017 32,017 
R-squared 0.000 0.109 0.149 0.173 0.191 

Robust standard errors in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 
Notes: With the exception of columns 8 - 10, the sample is restricted to most recent birth of 
ever married women (ages 15-49) within 5 years previous to the survey. Existing sex ratio is 
defined as the ratio of boys to the total number of births prior to the most recent one. 
National sample weights are used in all regressions. 
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Appendix Table 3.4. Sex-Selective Prenatal Investments in India: Tetanus shot during 
pregnancy, Continued  

 Dependent Variable: Any Prenatal Care (1=Yes, 0=No) 

 

Northern 
States 
Only 

Majority 
Female 
Sample 

Children 
Ages 2 
Years or 
Less 

Children 
Ages 1 Year 

or Less 

Mother 
Fixed 
Effects 

  (6) (7) (8) (9) (10) 

Male 0.022* 0.017** 0.013* 0.014 0.029*** 
 (0.011) (0.008) (0.007) (0.010) (0.010) 
Urban 0.004 -0.003 -0.017* 0.000  
 (0.014) (0.009) (0.009) (0.013)  

Birth Order 
-

0.028*** 
-0.033*** -0.031*** -0.030*** -0.023 

 (0.005) (0.004) (0.003) (0.005) (0.023) 
Existing Sex Ratio of 
Children 

-0.013 0.015 -0.031*** -0.034***  

 (0.014) (0.042) (0.008) (0.011)  
Mother's Age -0.000 0.002* -0.000 -0.002  
 (0.002) (0.001) (0.001) (0.001)  
Mother's Education 0.059*** 0.047*** 0.051*** 0.049***  
 (0.007) (0.005) (0.004) (0.006)  
Family Wealth is in 
2nd Quintile 

0.065*** 0.070*** 0.055*** 0.047***  

 (0.021) (0.013) (0.012) (0.016)  
Family Wealth is in 
3rd Quintile 

0.178*** 0.138*** 0.133*** 0.119***  

 (0.021) (0.013) (0.012) (0.017)  
Family Wealth is in 
4th Quintile 

0.257*** 0.170*** 0.167*** 0.149***  

 (0.021) (0.014) (0.012) (0.017)  
Family Wealth is in 
5th Quintile 

0.280*** 0.179*** 0.189*** 0.173***  

 (0.023) (0.016) (0.014) (0.020)  
Constant 0.736*** 0.809*** 0.909*** 0.939*** 0.782*** 
 (0.057) (0.035) (0.028) (0.038) (0.044) 

Mean of Dependent 
Variable 

0.685 0.793 0.776 0.775 0.764 

State Fixed Effects Yes Yes Yes Yes Yes 
Year Fixed Effects Yes Yes Yes Yes Yes 
Birth Year Fixed 
Effects 

Yes Yes Yes Yes Yes 

Dummy Variable for 
Each HH Wealth 
Quintile 

Yes Yes Yes Yes Yes 

Observations 8,324 14,321 18,061 9,260 2,684 
R-squared 0.219 0.186 0.186 0.181 0.012 

Robust standard errors in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 
Notes: With the exception of columns 8 - 10, the sample is restricted to most recent birth of 
ever married women (ages 15-49) within 5 years previous to the survey. Existing sex ratio is 
defined as the ratio of boys to the total number of births prior to the most recent one. 
National sample weights are used in all regressions. 
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Appendix Table 3.5. Sex-Selective Prenatal Investments in India: Non-Home Delivery 
 

 Dependent Variable: Non-Home Delivery (1=Yes, 0=No) 

 
No 

Controls 

Geographic 
and Survey 
Controls 

Adding 
Child-
level 

Controls 

Adding 
Mother-
level 

Controls 

Adding 
Household-
level Controls 

  (1) (2) (3) (4) (5) 

Male 0.025*** 0.025*** 0.024*** 0.019*** 0.017*** 
 (0.007) (0.006) (0.006) (0.005) (0.005) 
Constant 0.298*** 0.489*** 0.604*** 0.240*** 0.210*** 
 (0.005) (0.018) (0.022) (0.026) (0.026) 

Mean of Dependent Variable 0.312 0.312 0.312 0.312 0.312 
State Fixed Effects No Yes Yes Yes Yes 
Year Fixed Effects No Yes Yes Yes Yes 
Birth Year Fixed Effects No No Yes Yes Yes 
Dummy Variable for  
Each HH Wealth Quintile 

No No No No Yes 

Observations 31,073 31,073 31,073 31,073 31,073 
R-squared 0.001 0.268 0.287 0.349 0.374 

 
 
 Dependent Variable: Non-Home Delivery (1=Yes, 0=No) 

 
Northern 

States Only 

Majority 
Female 
Sample 

Ultra-sound 
Sample (Pooled) 

Non-ultra-
sound Sample 

(Pooled) 
  (6) (7) (8) (9) 

Male 0.038*** 0.007 0.024*** 0.019*** 
 (0.009) (0.008) (0.006) (0.005) 
Constant -0.012 0.208*** 0.604*** 0.240*** 
 (0.043) (0.039) (0.022) (0.026) 

Mean of Dependent Variable 0.236 0.324 0.312 0.312 
State Fixed Effects Yes Yes Yes Yes 
Year Fixed Effects Yes Yes Yes Yes 
Birth Year Fixed Effects Yes Yes Yes Yes 
Dummy Variable for  
Each HH Wealth Quintile 

Yes Yes No No 

Observations 8,106 13,941 31,073 31,073 
R-squared 0.288 0.371 0.287 0.349 

 
Robust standard errors in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 
Notes: With the exception of the fixed effects regression (column 14) and columns 10-11, the sample 
is restricted to most recent birth of ever married women (ages 15-49) within 5 years previous to the 
survey. Existing sex ratio is defined as the ratio of boys to the total number of births prior to the 
most recent one. National sample weights are used in all regressions. Other controls included are 
mother's age and education, birth order of most recent birth, dummies for each household wealth 
quintile, an urban area dummy and existing sex ratio of children (defined as the ratio of boys to the 
total number of births prior to the most recent one). 
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Appendix Table 3.5. Sex-Selective Prenatal Investments in India: Non-Home Delivery, 
Continued 
 

 Dependent Variable: Non-Home Delivery (1=Yes, 0=No) 

 

Children 
Ages 2 
Years or 
Less 

Children 
Ages 1 
Year or 
Less 

Conditional 
on at least 1 

Visit 

Conditional on at 
least 1 Visit (First 
Visit in Final 5 
Months of 
Pregnancy) 

Mother 
Fixed 
Effects 

  (10) (11) (12) (13) (14) 

Male 0.020*** 0.011 0.018*** 0.018 0.010 
 (0.007) (0.010) (0.007) (0.012) (0.010) 

Constant 
0.270*** 0.245*** 0.211*** 0.124** 

-
0.647*** 

 (0.033) (0.044) (0.032) (0.055) (0.044) 

Mean of 
Dependent 
Variable 

0.297 0.294 0.419 0.280 0.281 

State Fixed 
Effects 

Yes Yes Yes Yes Yes 

Year Fixed 
Effects 

Yes Yes Yes Yes Yes 

Birth Year 
Fixed 
Effects 

Yes Yes Yes Yes Yes 

Dummy 
Variable for 
Each HH 
Wealth 
Quintile 

Yes Yes Yes Yes Yes 

Observation
s 

17,581 9,006 22,351 7,365 2,687 

R-squared 0.360 0.373 0.342 0.216 0.010 

Robust standard errors in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 
Notes: With the exception of the fixed effects regression (column 14) and columns 10-11, the 
sample is restricted to most recent birth of ever married women (ages 15-49) within 5 years 
previous to the survey. Existing sex ratio is defined as the ratio of boys to the total number of 
births prior to the most recent one. National sample weights are used in all regressions. Other 
controls included are mother's age and education, birth order of most recent birth, dummies for 
each household wealth quintile, an urban area dummy and existing sex ratio of children 
(defined as the ratio of boys to the total number of births prior to the most recent one). 
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Appendix Table 3.6. Sex-Selective Prenatal Investments in India: RCH 1998-2004 

 Dependent Variable 

Coefficient on Male in 
various samples 

At Least 2 
Visits (1=Yes, 

0=No) 

Prenatal Care 
(1=Yes, 
0=No) 

Number of 
Prenatal visits 

Tetanus Shot 
(1=Yes, 
0=No) 

(1) (2) (3) (4) 

Full Sample 0.005*** 0.007*** 0.035*** 0.010*** 
 (0.002) (0.002) (0.008) (0.002) 
Mean of Dependent 
Variable 

0.482 0.553 1.994 0.720 

Observations 233687 230971 230946 230755 
R-squared 0.305 0.298 0.441 0.171 

Northern Region  0.007** 0.010*** 0.038*** 0.012*** 
 (0.003) (0.003) (0.012) (0.003) 
Mean of Dependent 
Variable 

0.429 0.498 1.492 0.675 

Observations 76461 75293 75291 75250 
R-squared 0.251 0.251 0.341 0.145 

Majority Female 
Sample 

0.017*** 0.015*** 0.076*** 0.013*** 

 (0.003) (0.003) (0.015) (0.003) 
Mean of Dependent 
Variable 

0.523 0.595 2.192 0.750 

Observations 80685 79514 79510 79466 
R-squared 0.301 0.294 0.444 0.161 

Robust standard errors in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 
Notes: Sample is restricted to most recent birth of ever married women (ages 15-49). 
RCH/DLHS surveys from 1998 and 2002 used. Controls include: state fixed effects, birth year 
fixed effects, survey round fixed effects, mother's age, mother's education, mother's literacy 
status, father's education, father's literacy status, household building type, caste, religion fixed 
effects, household size, dummy for urban, birth order, and existing sex ratio of children 
(defined as the ratio of boys to the total number of births prior to the most recent one). 
Northern region is defined as the following states: Haryana, Himachal Pradesh, Punjab, 
Rajasthan, Uttar Pradesh. 
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Appendix Table 3.6. Sex-Selective Prenatal Investments in India: RCH 1998-2004, 
Continued 
 Dependent Variable 

 
Number of 

Tetanus Shots 

Given Iron 
Pills (1=Yes, 

0=No) 

Number of Iron 
Supplements 
Taken Per Day 

Non-Home 
Delivery 
(1=Yes, 
0=No) 

 (5) (6) (7) (8) 

Full Sample 0.021*** 0.005*** 0.005 0.011*** 
 (0.004) (0.002) (0.003) (0.002) 
Mean of Dependent 
Variable 

1.404 0.508 0.637 0.278 

Observations 227776 230637 229813 230383 
R-squared 0.189 0.232 0.151 0.321 

Northern Region  0.020*** 0.010*** 0.012** 0.011*** 
 (0.007) (0.003) (0.005) (0.003) 
Mean of Dependent 
Variable 

1.280 0.435 0.545 0.202 

Observations 74464 75249 74984 75121 
R-squared 0.149 0.143 0.111 0.212 

Majority Female 
Sample 

0.031*** 0.013*** 0.013** 0.017*** 

 (0.007) (0.003) (0.006) (0.003) 
Mean of Dependent 
Variable 

1.478 0.547 0.680 0.304 

Observations 78610 79434 79204 79325 
R-squared 0.178 0.229 0.147 0.328 

Robust standard errors in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 
Notes: Sample is restricted to most recent birth of ever married women (ages 15-49). 
RCH/DLHS surveys from 1998 and 2002 used. Controls include: state fixed effects, birth year 
fixed effects, survey round fixed effects, mother's age, mother's education, mother's literacy 
status, father's education, father's literacy status, household building type, caste, religion fixed 
effects, household size, dummy for urban, birth order, and existing sex ratio of children 
(defined as the ratio of boys to the total number of births prior to the most recent one). 
Northern region is defined as the following states: Haryana, Himachal Pradesh, Punjab, 
Rajasthan, Uttar Pradesh. 
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