
 

 

 
 

CHILDREN OF MALAWI:  
THE IMPACT OF AGRICULTURAL TECHNOLOGY ON 

EDUCATIONAL ATTAINMENT AND CHILD LABOR HOURS 
 
 
 
 

A Thesis 
submitted to the Faculty of the 

Graduate School of Arts and Sciences 
of Georgetown University 

in partial fulfillment of the requirements for the 
degree of 

Master of Arts 
in Public Policy 

 
 
 
 
 

By 
 
 
 
 

Tyler E. Ahn, B.A. 
 
 
 
 

Washington, DC 
April 18, 2004 

 
 
 
 
 
 
 
 
 



ii 

CHILDREN OF MALAWI: 
THE IMPACT OF AGRICULTURAL TECHNOLOGY ON  

EDUCATIONAL ATTAINMENT AND CHILD LABOR HOURS 
 

Tyler E. Ahn, B.A. 

Thesis Adviser: Dr. Chad Meyerhoefer, Ph.D. 

ABSTRACT 

Intrahousehold decisions often dictate the educational attainment of children in rural 

households.  A large number of children in developing countries must juggle school 

attendance with work in or out of the home.  Child labor has shown itself to detract from 

educational attainment and in countries like Malawi where most people survive on 

subsistence farming and many children contribute to their livelihood through house or farm 

work.  This paper seeks uses multivariate regression analysis to assess the impact of 

agricultural technology on child labor hours and children’s educational attainment.  The 

results indicate that not all technologies are created equal: some are indeed effective in 

increasing children’s educational attainment while helping to decrease children’s work hours, 

while others have the opposite effect.  The analysis suggests that the concept of using 

agricultural policies in conjunction with educational policies to achieve the goal of increasing 

educational attainment merits further study.  
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I. Introduction 

One of the greatest challenges throughout the developing world is human capital 

accumulation.  Education is considered one of the most important aspects of economic 

development, and development policies often include improvements in the quality and/or 

quantity of education.  Most recently, this goal was reiterated by the United Nations in the 

Millennium Development Goals, one of which was the attainment of universal primary 

education by 2015.1  To achieve this goal, many developing countries have undertaken 

efforts that include elimination of school fees, provision of school meals, distribution of 

deworming medications, and various other educational and health interventions.   

Though these programs have been shown to increase school enrollment, there is 

little evidence that they raise educational attainment and increase learning – i.e., promote 

human capital accumulation.  Despite the MDG’s noble purpose, they fail to address 

some of the key hindrances to growth or consider other important strategies for 

development such as infrastructure improvements and transfer of technology.  Some say 

the vague and lofty aspirations are disconnected from the “realities on the ground.”  The 

poorest are living in a world decades behind developed countries, and farming using 

archaic technologies.  In order to reduce extreme hunger and poverty while trying to 

achieve universal primary education, we must find a strategy to improve how people 

sustain themselves. 

                                                 
1 UN Millennium Development Goals, http://www.un.org/millenniumgoals/   
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This paper analyzes the impact of agricultural yields and the use of agricultural 

technologies on children’s educational attainment in rural households in Malawi.  Children 

in developing countries are often considered as a source of labor, enabling their parents to 

increase family income.  Such children must manage their work duties while attending 

school.  Malawi is a great example of a low income country where a great majority of its 

population is employed by the agricultural industry: 90% of Malawians work in agriculture 

and most are subsistence farmers.  The literature in the development field is rich in 

information relating to the specifics of children’s education in agricultural households.  

There is an abundance of child labor research pertaining to children’s contributions in the 

home and to family-owned enterprises.  Their work provides details on how 

intrahousehold decision-making impacts education and child labor.  However, it often 

fails to link the two phenomena to other relevant factors such as family owned 

technology.  I seek to fill this gap through multivariate regression analysis to better 

understand the impact of certain household-owned technologies on educational 

attainment and child labor hours.   

Section II presents the institutional background pertaining specifically to Malawi.  

Section III discusses the existing literature on child education and labor.  Sections IV 

through VIII present the empirical model and the regression results.  And sections IX 

through XI discuss conclusions and policy implications. 
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II. Institutional Background  

 Under its de facto dictator Hastings Kumuzu Banda, Malawi became the 

tenth poorest country in the world.  Since the referendum in 1993 for a multi-party 

democracy, Malawi has dropped even further into poverty and is now one of the five 

poorest countries in the world, with a GDP per capita of only US$600.2   

Poverty has made educational reform difficult.  In response, the government 

eliminated school fees for all public primary schools and established a policy of universal 

primary education (UPE) in 1994.  Additionally, the Ministry of Education, Sports and 

Culture (MoES&C) was created to oversee the education sector.  The Ministry 

immediately faced a huge challenge as it saw an enrollment increase of 68 percent as a 

result of UPE for which it was unprepared.  However, the vast majority of students still 

do not complete primary school.  Figure 1 shows that nearly 90 percent of 15 to 19 year 

olds have completed grade 1 while less than 30 percent have completed grade 8, the final 

year of primary school.3  Even fewer children make the transition to secondary school 

with less than 20 percent completing grade 9.   

                                                 
2 CIA World Factbook , Rank Order – GDP per Capita (PPP) 
https://www.cia.gov/cia/publications/factbook/rankorder/2004rank.html 
3 Same as number 3. 
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   Figure 1        Figure 2   
   

The population of interest for this study, the rural students, is at a particular 

disadvantage.  The attainment levels are dramatically lower in rural areas as demonstrated 

by Figure 2.  By grade 3, rural students perform poorer than their urban counterparts by a 

fifth.  The rural-urban gap increasingly widens as children progress to higher grade levels.  

The urban bias is prevalent in educational attainment in most developing countries.  

Although the Malawian government has eliminated school fees, universal primary education 

has not materialized.   

Dramatic increase in enrollment signaled a positive reaction to the reduction of 

the prohibitive costs of attending school.  However, the lack of school facilities and 

qualified teachers has adversely impacted school quality resulting in high absenteeism and 



5 

drop-out rates, low completion and high repetition rates.  The UPE eliminated the direct 

cost of school fees for primary school students and their families; however, the 

opportunity costs of keeping children in school remain high and are manifest in the high 

absentee and drop-out rates.   

 The Ministry of Education has responded to the successes and failures of the UPE 

policy by establishing a Policy and Investment Framework (PIF) addressing key issues at 

all three levels of education: primary, secondary, and post-secondary.  The PIF established 

specific targets that the government aims to meet within a twelve-year time frame.  Some 

of the key reforms include increasing government spending on education, allocating a 

higher proportion of the educational budget to the primary level, decentralizing oversight 

and management responsibilities to the district level, and building 100 handicap accessible 

classrooms and 3000 latrines per year during the 12 year period.  The PIF also includes 

updating curricula at all levels of education, and implementing more stringent 

requirements for teacher education and training.  It also introduces a special education 

system and expansion of the pre-school network, and presents improvements in the 

methods of expanding secondary and tertiary education.4   

 Despite difficulties, there are hopeful signs for improved education delivery in 

Malawi.  Even with the lowest GDP per capita in the world, Malawi currently ranks above 

Egypt and Haiti with a literacy rate of 62.7%.5  The government has also been responsive, 

                                                 
4 Malawi Education Sector: Policy and Investment Framework, Ministry of Education, Sports and Culture 
(Revised 2001): <http://sdnp.org.mw/edu/new/min-education/whole.htm#top > 
5 Same as number 2. 
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hiring 20,000 new teachers (a 100% increase of the teaching force) to help cope with 

dramatically increased enrollment after the 1994 introduction of the UPE policy.  The 

government is also working with various international, bilateral and non-governmental 

organizations to establish a systematic way to train less qualified teachers.6  Despite the 

government’s commitment to improving the supply side of education however, further 

challenges lie ahead.  Continued economic hardships increase the strain on families for 

survival, reducing the household demand for education and other longer term investments 

in their children.  In countries like Malawi where the majority of the population survives 

on subsistence farming, studying the connection between agriculture and education can 

suggest ways to diversify economic activities while promoting education. 

In order to proceed with this evaluation, it is important to explain the role child 

labor plays in educational attainment.  Nearly 90 percent of Malawians are employed in 

the agricultural sector, yet prior educational reforms have benefited urban children more 

so than their rural counterparts.  Children living in agricultural households often 

contribute to household income through their labor in the home and in the fields.  

Although it has been demonstrated that working children are often also enrolled in 

school, substitution of labor hours for school hours has negatively impacted school 

attainment, often resulting in higher rates of absence and drop-outs. (Salazar 1998, 

                                                 
6 USAID Africa Education Initiative: Malawi’s Teaching Crisis, August 25, 2005: 
<http://www.usaid.gov/about_usaid/presidential_initiative/afreducation.html>and World Bank Supports 
Education Sector Development in Malawi (2005) News Release No. 2005/452/AFR: 
<http://web.worldbank.org/WBSITE/EXTERNAL/COUNTRIES/AFRICAEXT/0,,contentMDK:2047
6208~menuPK:258649~pagePK:146736~piPK:146830~theSitePK:258644,00.html > 
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Ravaillon 2000, Post 2001, Orazem 2003)  In order to attain universal primary education 

in the developing world, progress must be made among the poor students. (Filmer & 

Pritchett 1999) 

A wide range of educational interventions have been implemented with varying 

degrees of success throughout the developing world.  Recently, Conditioned Transfers for 

Education (CTE) programs have been publicized as one of the biggest success stories in 

increasing education enrollment and attainment.  CTEs provide monthly stipends for 

poor families whose children maintain a certain attendance rate.  CTE programs have 

shown consistent success in middle income countries in Latin America, such as Mexico, 

where the PROGRESA program has achieved dramatic increases in enrollment and more 

importantly, in attendance.  However, such high-cost and intricate programs require a high 

level of administrative capability and institutional capacity.  CTE programs have shown 

consistent success in other middle income countries in Latin America, but are less feasible 

in low-income countries such as Malawi due to the relative weakness of educational and 

administrative institutions.   

For low-income countries, interventions must be designed to be effective with 

lower levels of financial commitment and must be easily implemented even with fewer 

institutional capabilities.  Although the elimination of school fees may have been a step in 

the right direction for Malawi, the government of Malawi must go further to reduce the 

opportunity costs of education.  Studying the link between agricultural yield and the use of 

agricultural technologies and educational attainment can help shed light on feasible 
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interventions. Previous research suggests that certain types of agricultural technologies 

reduce the negative impacts of labor in certain types of child farm activities.  Focusing on 

the reduction of child labor or increasing the efficiency of child labor, we can create 

interventions to free up more time for children to attend school while continuing to fulfill 

their duty to their families.   

III. Literature Review 

 In nearly every developing country, evidence shows that levels of learning 

achievements are “strikingly, abysmally, low.” (Pritchett 2004)  Lant Pritchett (2004) 

asserts that when students are given age and grade appropriate exams, the results are 

almost equivalent to random guessing.  Based upon TIMSS (Trends in International 

Mathematic and Science Study) and PISA (Program for International Student Assessment) 

tests, children of developing nations perform at a dismal rate in comparison to OECD 

students.  In particular, students from Sub-Saharan Africa performed 6.7 standard 

deviations below the OECD median, the worst among all developing regions.  Such 

disparities indicate the huge challenge that lies ahead. (Pritchett 2004)   

Pritchett disparages educational attainment as a measure of education, suggesting 

that the true goal is the achievement of literacy, numeracy and other cognitive skills that 

help students become competent participants in their respective societies.  He argues that 

achievement tests only capture the exceptional few students in developing countries who 

actually remain in school.  Thus, the data available on achievement in sub-Saharan Africa 

is poor and the true picture of educational achievement is much grimmer than what the 
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data presents.  In the empirical model that I present in this paper, educational attainment is 

utilized as a measure of education.  Although grade attainment may not be a perfect 

measure, evidence does suggest that if a student attends school regularly, and is taught by 

well-trained teachers, their attendance rate does translate into improved educational 

achievement. (Vermeersch 2003)  

 In efforts to improve educational attainment in developing countries, a myriad of 

interventions have been implemented with varying degrees of success.  Some programs 

have taken the supply-side approach, e.g. building more schools, providing text books, 

uniforms, teaching aids, and hiring more teachers, while others have provided demand-

side incentives, e.g. cash or in-kind transfers, food rations, and deworming treatments.  

Both experimental and non-experimental evaluations of supply-side, school input 

interventions have not shown statistically significant increases in school achievement by 

students. (Kremer 2003)  For example, providing a second teacher to one-teacher schools 

did not lead to an improvement in test scores (Banejee and Kremer 2002), and the 

provision of poster-sized educational flip charts had virtually no impact on test scores. 

(Glewwe et al. 2002)  However, provision of textbooks to under-provided schools 

resulted in small improvements by students at the top of the class (Glewwe, Kremer and 

Moulin 2001), and funds spent on maintaining existing buildings have helped increase 

enrollment. (Glewwe & Jacoby 1994)   

On the other hand, demand-side interventions have shown greater promise.  

Randomized evaluations of school feeding programs, targeted scholarship programs and 
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conditional transfer for education (CTE) programs have all increased enrollment and 

attainment levels. (Filmer 2006, Ravallion 2000, Schultz 2001, Vermeersch 2003, Meng 

2003)  The immense success of the PROGRESA program, now called Opportunidades, in 

Mexico has prompted similar conditional and non-conditional cash or in-kind transfer 

programs in other lower middle-income countries. Though the success of such programs 

has been well documented, the implementation of similar programs in some of the most 

impoverished countries such as Malawi poses tremendous challenges for administrative 

success.   

 Furthermore, Paul Glewwe (2002) indicates that due to a number of modeling 

errors in supply-side studies, only limited confidence can be placed in the findings of 

many supply-side studies.  Supply-side studies suffer from omitted variable biases and 

sample selection issues, while these issues are less common in studies of demand-side 

approaches.  In assessing the results of the various supply-side interventions, researchers 

have omitted household characteristics.  In low-income countries where sending children 

to school is not universal and financial constraints have a large impact on the household 

decision making process, omitting the household characteristics will bias the results of 

education program evaluations.   

However, household characteristics have not been entirely ignored in educational 

attainment research in developing countries, particularly those of agricultural households.  

The agricultural household, the population of interest in this study, is unique from other 

households in that it serves a dual function of both consumer and producer. (Singh, 
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Squire & Strauss, eds. 1986, Behrman & Srinivasan, eds. 1995)  The agricultural household 

decision making process captures budget, time and production constraints simultaneously.  

The education of a child raised in an agricultural household depends on this intricate 

calculation within the family as it decides the best use of the child’s time in light of the 

household’s circumstances.  The complexity of the process can lead to confounding 

results in educational attainment. 

Emmanuel Skoufias (1994) indicates that increases in the overall income of an 

agricultural household do not lead to the same decisions as they do in a non-agricultural 

household.  When the parents’ wages increase and the household’s total incomes rises, 

individuals can afford more leisure time but their opportunity costs of leisure also rises.  

Higher income levels tend to be correlated with higher investments in education.  

However, for poor rural families, adults’ increased participation in the labor market may 

increase the demand for child labor within the home for domestic duties as child labor 

substitutes for adult labor.  Thus, the children’s work time also increases in value relative 

to school time, resulting in an increase in the demand for child labor hours.  Furthermore, 

educational decisions affect the children unequally depending on the number of children, 

sex and birth order leading to varying decisions on educational investment within the 

household. (Cain 1977, Ashby 1985, Mergos 1992)   

Becker (1965) established that the decision to send children to school is based on 

the agricultural household’s dual role of producer and consumer with its efforts to 

maximize income.  The mechanism of household allocation of resources and household 
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duties applies to child labor and education decisions.  In rural households where the 

parents are involved in agricultural work, children are often contributors to household 

chores and work as field hands.  The households also make short-term and long-term 

calculations to decide whether to invest in children’s education at the loss of present 

productivity.  Children provide household and agricultural labor in the short term while 

returns to education are delayed by several years.  Sending children to school leads to 

school related fees and foregone earnings from child labor that increase the opportunity 

cost of education.  But because children are also regarded as a form of insurance for 

elderly parents in many societies, educational decisions reflect future perceived returns to 

education adding yet another layer of complexity to the agricultural household decision 

making process.   

Children contribute to housework, farm work and some even participate in the 

formal labor market.  It is difficult to assess the state of children’s educational attainment 

outside of the context of child labor, as poorer families include the two in the same 

calculation.  The International Labour Organization’s (ILO) review of child labor provides 

an overview of the relationship between child labor, school attendance and school 

achievement.  The ILO constructed a model which suggests that the family will send their 

children to school if the present value of the increase in future wages exceeds the present 

value of the time in school.  The calculations of future perceived earnings and present 

opportunity costs are keys to determining child labor and educational choices.   
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However, child labor and children’s education are not mutually exclusive.  Many 

children work and attend school simultaneously.  Although it is documented that increases 

in labor hours negatively affect attendance rates, evidence also suggests some households 

maintain children’s enrollment rate by simply reducing children’s leisure hours to make 

way for productive labor and school hours.  (Ravaillon and Wodon 2000, Post 2001, 

Salazar and Glasinovich 1998)   However, increased child labor may hinder educational 

attainment by reducing time that children can devote to homework and rest.  Child labor 

hinders both educational attainment, and educational achievement, resulting in lower test 

scores and delayed grade for age. (Orzem and Gunnarson 2003)  

Such enduring characteristics of child labor have proved to be extremely 

challenging in the creation and promotion of educational policies in many developing 

nations.  The various contributors to the decline in child labor are elusive and difficult to 

pinpoint.  Compulsory schooling and child labor bans have not proven to be successful in 

curbing child labor.  Enforcement becomes much tougher when a large majority of 

children are involved in family farms or family-owned businesses.  Some studies have 

indicated that in order to retain poor children in the school system, school quality must 

improve.  Long list of input improvements must be made at the local school level to help 

increase demand for education: for example, reducing teacher absentee rates, improving 

teacher training, maintaining school buildings, and providing textbooks and other learning 

materials create higher demand.  However, a clear formula has not yet been defined.  

(Filmer and Pritchett 1999, Glewwe and Jacoby 1994)  To the contrary, studies show that 



14 

many of these supply side provisions have not increased educational attainment. (Kremer 

2003)  Improvements in school quality may help encourage enrollment, but as children 

grow older, their labor gains in value, again putting education at odds with participation in 

the labor market.     

John Cockburn (2000) provides a highly relevant study that may indicate that 

certain and rather simple innovations at the household level may help to reduce child 

labor hours.  Although child labor is often linked to poverty, the evidence of this link is 

also weak.  Unlike the link between education and income, the relationship between child 

labor and income is decidedly unclear, possibly due to the level of child labor associated 

with the use of different types of agricultural production technologies.  Numerous poverty 

relief programs have revolved around increasing access to productive assets by the poor.  

However, Cockburn argues that not all productive assets are created equal.  Some assets 

may raise the returns to child labor and if the assets do so at a level that increases the 

overall household income, they may encourage child labor at the cost of education.  The 

short term benefits and the need for survival often preclude investments in education that 

lead to future gains, perpetuating the cycle of poverty.  Cockburn concludes that there are 

not many physical assets that reduce child labor though some are associated with reduced 

child labor hours.  Poverty reduction policies must look to increase the child labor 

reducing assets in order to achieve the longer term goal of increasing educational 

attainment for children.       



15 

IV. Data and Key Variables of Interest 

 In my empirical analysis, I use the 2004 – 2005 Living Standards Measurement 

Study for Malawi, (titled Integrated Household Survey - IHS-2), obtained through the 

World Bank with the permission of Malawi’s National Statistical Office.  The data 

provides a cross-section of randomly chosen rural and urban households throughout the 

country with a sample size of 11,280 households and 52,707 individual household 

members, of which 17,963 members are between the ages of 6 to 18.  Of those school 

aged children, 15,889 reside in rural areas.  The survey includes information on how many 

hours were spent on agricultural work, various household chores as well as information 

regarding educational attainment at the individual level.  Furthermore, it contains 

information on durable goods, agricultural tools, and livestock ownership at the 

household level.  The data also provides community level information on school quantity 

and quality.   

To test the model’s implication on child’s labor hours on the farm, child labor 

hours in the household and children’s grade attainment, the data extracted from the 2005 

Household Survey provide crucial variables in hours spent on various types of labor for 

the household, the years of education that each individual received as well as the 

ownership of various types of agricultural tools and farm animals.  The key variables of 

interest are the varying types of labor hours that the survey documents, such as the 

amount of time spent fetching water, collecting fuel (or firewood), cooking, and on 

agricultural activities.  The survey questionnaire asks a list of questions to present an 
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accurate measure of educational attainment: the highest grade and grade level attained, 

when the individual started schooling by age and calendar year, and the last year attended.  

For the purposes of my analysis, I use the data on the highest grade attained for my 

educational attainment variables.  It also provides important input prices of fertilizer, and 

seedlings as well as the sale price of staple crops. (See Table 1 of Appendix) 

V. Methodological Approach  

 The agricultural household model lays the basis for the methodology.  In its dual 

role as both producer and consumer, the household makes labor allocation, time use and 

consumption decisions that are interrelated and interdependent.  The agricultural 

household model is based on the assumption that the household seeks to maximize their 

utility given the budget, time and production constraints.  In a pure consumer household, 

the total income is generally assumed to be fixed in the short run, whereas in agricultural 

households, total income depends on production decisions that lead to varying farm 

profits and also on the market prices for agricultural inputs and outputs.  The impact of 

increased staple price, for example, has a dual impact on the agricultural household.  As a 

consumer, the non-agricultural household will substitute away from the higher priced 

staple to avoid a reduction in real income.  But in an agricultural household, the 

household experiences a substitution effect like that of a non-agricultural household while 

they also benefit from a higher crop price because it leads to a positive income effect.  

(Taylor and Adelman 2002)  The net impact of income and substitution effects of an 

increased staple price is therefore ambiguous.  Depending on an individual household’s 
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utility function, they can either choose to consume more or less of the staple.  The labor 

impact is also unclear in that as the price of the staple increases, the relative value of labor 

may also increase leading to an increase in labor supply.  The usual constraints include 

cash income, family time, productive assets and technologies, prices of inputs and outputs, 

and price of consumption goods.  The budget and time constraints are combined into a 

single full income budget constraint. (Singh et al. 1986) 

(Price*QuantityMarket Goods + Price*QuantityAgricultural Staple)  + (Wage*Leisure time) = (Total time*wage) + Profit 

The left hand side captures total household expenditures on market purchased 

goods and on its own agricultural output and leisure time.  The right hand side represents 

full income.  Based upon a given utility function of the household, decisions are made to 

maximize the household utility given the resources of time and capital available to the 

household.  In addition to the income and substitution effects in maximizing the utility of 

the household, the production constraint adds yet another level of complexity in 

household decision making.  Agricultural yields and sales, ownership of agricultural tools, 

use of fertilizer, irrigation and seedlings, and child’s time use are the variables of focus.  

The livestock ownership, size of land, price of inputs also impact overall agricultural 

production that will impact educational attainment of children.  In order to obtain 

estimates on educational attainment, I use the following recursive model: 

Education = ƒ(agricultural/production technology, education of parents, 

     household composition, quality of local schools, total agricultural yield income)       
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Child Labor Hours = ƒ(agricultural/production technology, education of parents, 

     household composition, quality of local schools, total agricultural yield income)       

Agricultural Yields = ƒ(agricultural/production technology, education of farm workers, size of 

plot,  

      total  labor hours, agricultural  input prices, season) 

The child’s contribution to agricultural yields using various agricultural technologies 

impacts overall household income, and therefore, has both a direct and indirect effect on 

his or her own education.   

VI. Empirical Implementation 

I regress children’s educational attainment and children’s child labor hours on the 

following controls: age, sex, wealth, education of the household head, household 

demographics, various agricultural tools and school quality variables. 

Empirically, I estimate the following reduced form models: 

CHILDAGHRS = β0 + β1 AGE + β2 MALE + β3 RICH + β4 HEADEDUC  
                             + β5 MEM0_5 + β6 MEM6_12 + β7 MEM13_18 + β8 MEM19_35  

     + β9 MEM36_55 + β10 MEM56 + β11 BRICKBLDG  
     + β12 FEEDINGPROG + β13 TEACHERS + β14 OXEN  
     + β15 DONKEY + β16 OXCART + β17 WHEELBARROW  
     + β18 SPRAYER + β19 MACHETE + β20 HOE+ β21 AX  
     + β22 SICKLE + β23 TTLYIELD + β24 TTLYIELDSQ + u 

 
CHILDWKHRS = β0 + β1 AGE + β2 MALE + β3 RICH + β4 HEADEDUC  
                             + β5 MEM0_5 + β6 MEM6_12 + β7 MEM13_18 + β8 MEM19_35  

     + β9 MEM36_55 + β10 MEM56 + β11 BRICKBLDG  
     + β12 FEEDINGPROG + β13 TEACHERS + β14 OXEN  
     + β15 DONKEY + β16 OXCART + β17 WHEELBARROW  
     + β18 SPRAYER + β19 MACHETE + β20 HOE + β21 AX  
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     + β22 SICKLE + β23 TTLYIELD + β24 TTLYIELDSQ + u 
 
CHILDEDUC = β0 + β1 AGE + β2 MALE + β3 RICH + β4 HEADEDUC + β5 MEM0_5  
                             + β6 MEM6_12 + β7 MEM13_18 + β8 MEM19_35 + β9 MEM36_55 

     + β10 MEM56 + β11 BRICKBLDG + β12 FEEDINGPROG 
     + β13 TEACHERS + β14 OXEN + β15 DONKEY + β16 OXCART  
     + β17 WHEELBARROW  + β18 SPRAYER + β19 MACHETE  
     + β20 HOE+ β21 AX + β22 SICKLE  + β23 TTLYIELD  
     + β24 TTLYIELDSQ + u 

 

where BRICKBLDG = whether or not the local community school is made of permanent 

materials, FEEDINGPROG = availability of school feeding programs in the community 

and TEACHERS = total number of teachers working at the local schools, they all control 

for the various characteristics of the community’s school quality.  HEADEDUC = 

highest grade attained for the head of the household, OXEN, DONKEY, OXCART, 

WHEELBARROW, SPRAYER, MACHETE, HOE, AX and SICKLE are indicator 

variables of ownership and their use on the household farm.  TTLYIELD = the amount 

earned from the sale of agricultural yields produced from the household farm, each unit 

measured in ten US dollar units.  The difficulty of controlling for income effects arises 

from the lack of an aggregated income variable present in the IHS-2 data.  The variable 

RICH is controlling for some wealth effects according to the household ownership of 

certain household items such as a car, refrigerator, etc. and other items considered to be 

of luxurious nature.  The mem05 through mem56 variables control for household 

demographics, they are continuous variables for the number of household members in 

each given age group.  Also, CHILDAGHR is a subset of CHILDWKHRS representing 
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only the hours a child has spent working on the farm while CHILDWKHRS represents 

both hours spent on agricultural activities and other household related duties.  The two 

child labor hour variables measure work hours per week.  Due to the multi-purpose nature 

of typical children’s work, such as fetching water or firewood, the aggregate work hours, 

CHILDWKHRS, should provide a more encompassing measure of the impact that 

agricultural technologies have on child labor.  I use the two child labor variables as 

dependent variables to net out the effect of agricultural work hours alone.   

Variables pertaining to school quality should be positively correlated with child 

educational attainment and negatively correlated with children’s work hours in that higher 

school quality and additional benefits that the schooling offers provides an incentive to 

send children to school.  The same arguments cannot be assumed in the case of 

agricultural technology variables.  Some of these tools may be simple enough for 

children’s use and such tools can have a disparate effect.  Some tools that are easily 

useable by children may have the consequence of increasing the likelihood of child labor 

while other tools may make child’s labor more efficient, reducing the hours devoted to 

work.   

As mentioned above, both income and substitution effects are at play here and 

such an improvement in the efficiency of child labor may possibly create a larger demand 

for child labor.  Should a tool reduce the work time, and allow more time for pursuing 

education, policies should aim to promote the use of such a tool.  The semi-opposing 

relationship between children’s education and children’s work hours should indicate that 
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the more a child works, the less frequently she or he can attend school although s/he may 

do both.  Thus, certain tools may cause reduction in hours that a child spends on work in 

the house while others have an opposite effect.  The use of total income earned by 

agricultural yields serves a dual purpose in this model.  The yield variable isolates the 

direct impact of technology on education, as this is where their impact will be manifested.  

Secondly, by controlling for yields, I am also able to hold the income effect constant.  Due 

to the lack of an aggregate income variable, the yields provide that crucial factor.   

VII. Descriptive Statistics 

 The Integrated Household Survey is rich in individual, household and community 

level information. Table 1 below is the average hours that children in each age group 

spend on various household and non-household work per week.   

 

 

Table 1 
 

Age 
Hrs spent 

cooking, cleaning, 
etc.  

Hrs spent 
collecting water  

Hrs spent collecting 
firewood 

Hrs spent on 
ag. Activities  

Age 6 – 9  5.159 2.611 0.805 7.188 
Age 10 – 13  4.466 2.464 1.015 6.916 
Age 14 – 18  4.465 2.408 1.099 7.037 

Age 
Hrs on non ag work 

activities  
Hrs spent on casual 

labor 
Hrs spent on paid wage 

labor 

Age 6 – 9  0.433 0.842 1.899 
Age 10 – 13  0.162 0.715 1.468 
Age 14 – 18  0.303 0.898 1.536 
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Children do spend a substantial amount of time each week on working in and out of the 

home.  The table shows that certain duties are more common for older children than 

younger children, such as collecting firewood.  We would expect in this case that strength 

would be at a premium requiring older children.  Children do often play a supportive role 

in the household by providing assistance in cooking and cleaning and fetching water as 

well as a more active role out on the farm.  More hours were reported on agricultural 

work than household chores indicating that child labor is an important source of total 

household income. 

To identify the contribution of child labor hours on the farm, the graph (Figure 3) 

below presents its correlation with the agricultural yields of the household.  

Figure 3 
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Education has also shown a positive impact on agricultural production, making farmers 

more receptive to new technologies and farming techniques.  The relationship is evident 

in Malawi as well, as the upward trend is evident between the education of the head of 

household, the farm manager, and the average yield of the household.  There is a slight 

decline after attending grade 8, this may be attributed to individuals that may diversify 

their income through non-agricultural activities.  However, overall, the relationship 

exhibits an upward trend. 

Figure 4 

Correlation between Head of Household's Education and 

Agricultural Yields
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Similar though less pronounced correlation exists between the educational attainment of 

children and agricultural yields as shown below in Figure 5.  The direction of causation 

may be different for the children of our sample, or perhaps even circular, in that the larger 

agricultural yields may make it more likely that children will attend school for longer.  As 

children get older and continue to participate in household agriculture, the causal 

relationship can shift as the greater level of education may impact the child contribution 

to agricultural work.   

Figure 5 

Correlation between Child Labor Hours (Ag Hrs)
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Table 2 of the Appendix lists the mean, median, standard deviation, minimum and 

maximum of the key variables mentioned under section IV.  The table indicates that the 

majority of the Malawian population does not complete primary school and rarely make 

the transition into higher levels of education.  This remains consistent with the increases 
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in hours worked in the home and the farm as children get older, helping increase present 

consumption.   

VIII. Regression Results 

The results obtained using Ordinary Least Squares multiple regressions to estimate 

the models above are in Table 3 of Appendix I.  Although the predictions were based 

upon existing literature, the data of Malawi did not lead to the expected outcomes.  As 

expected, the agricultural tools and technologies display different patterns of associations 

with educational attainment.  The pattern that I hoped to glean from the models was: if a 

particular agricultural technology decreases labor hours, it should increase educational 

attainment, and vice versa. 

Table 2 

Impact of Technology on Children's Education and Children's Work Hours 

         

  childeduc (1)  childwkhrs (2)  childaghr (3)   

oxen  -0.295*  1.023  1.468   
         
donkey  1.347***  -1.877  -1.307   
         
oxcart  -0.247  0.164  0.858   
         
wheelbarrow  -0.124  0.723  0.075   
         
sprayer  0.141  -0.079  0.089   
         
machete  0.105  0.392  0.724*   
         
Hoe  0.018  2.401**  2.666***   
         
Ax  0.357***  -0.208  0.238   
         
sickle  -0.124  1.217***  1.792***   
               
Observations  16998  16998  16998   

* significant at 10%; ** significant at 5%; *** significant at 1%   

 



26 

 The signs of the coefficients indicate a somewhat consistent inverse pattern 

between the education model and the work hours model.  Narrowing the focus of the 

education and the labor hours columns to the technology variables in Table 2 above, the 

relationship is consistent across the three models aside from the machete and hoe 

technologies.  Comparing the relationship between columns 1 and 2, and 1 and 3, the 

inverse relationships emerge more consistently between columns 1 and 2.  The multi-

functional role of children’s work, as discussed above, could be contributing to a more 

robust relationship between educational attainment and total number of child labor hours 

than between educational attainment and child agricultural labor hours.  The inverse 

relationships are carried in the three models with most of the tools, except the sprayer and 

the ax, which exhibit this relationship with only the total work hours, but not with farm 

work hours.  Also, it should be noted that oxcart, sickle and machete are statistically 

significant with p-values less than 0.15, significant at the 85% level.  Oxcart and sickle are 

negatively associated with educational attainment while machete is associated with a slight 

increase in educational attainment.   

Though many of the control variables are shown to be statistically significant, 

many of the technology and tool variables are not.  A note of interest is the MALE 

variable.  The coefficient of the MALE variable is puzzling.  Being a boy decreases 

educational attainment in this sample.  This finding differs from established literature 

which indicates that in the developing world, boys are often provided with more 
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opportunities to attend school than girls.  In the particular case of Malawi, it appears that 

boys have a slightly lower grade attainment than girls.   

In comparison to the control variables, only a relatively few of the technology 

variables are statistically significant at all and the statistical significance of the variables 

does not move consistently across models.  Oxen, donkey and ax are statistically 

significantly associated with education, while hoe and sickle are with the overall and farm 

labor hours.  Donkey and ax increase education significantly in real terms, the donkey 

increase a child’s education by a full grade and a third, and the ax increases a child’s 

education by a third of a grade.  Contrary to the findings of Cockburn cited above, the 

oxen decrease educational attainment by half a grade.  Though few of the technology 

variables were deemed to be statistically significant, the few that did come through the 

education model have a marked impact on the overall level of educational attainment.   

The statistical significance of the variables does not move consistently from the 

educational attainment model to the labor hour models.  Only two tools remain 

statistically significant in the labor hour models: both the hoe and the sickle are associated 

with considerable increases in labor hours for children.  The hoe is associated with an 

increased of 2.4 hours per week in overall labor hours, approximately 125 hours per year.  

The sickle contributes to an annual increase of 63 hours or 1.2 hours per week.  These 

two tools are associated with larger increases in the sole agricultural hour model.  The hoe 

is associated with an increase in agriculture work hours by 139 hours per year or 2.7 and 

the sickle by 93 hours per year or 1.8 hours per week.  The two tools are associated with 
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increases in child labor statistically significant, and their impacts are highly significant in 

real terms.   

Comparing the magnitude of the statistically significant variables, it is easy to 

observe that a wealth variable such as “rich” is associated with increases in child’s 

educational attainment by half a grade while owning a donkey is associated with an entire 

grade and a third.  In table 3 below I rank the statistically significant variables; the impact 

that donkeys have on education is considerable.  Also, the impact of ax on education is 

nearly equal to that of the grade attainment of the head of household.  

  Table 3 

Magnitude of Impact on Educational Attainment 

 variable grade  

 donkey 1.347 (0.294)*** 

 rich 0.526 (0.209)** 

 mem19_35 0.397 (0.039)*** 

 headeduc 0.373 (0.014)*** 

 Ax 0.357 (0.085)*** 

 mem36_55 0.318 (0.051)*** 

 mem56 0.227 (0.061)*** 

 mem13_18 0.181 (0.036)*** 

 ageyr 0.066 (0.011)*** 

 teachers 0.007 (0.003)** 

 male -0.193 (0.062)*** 

 oxen -0.295 (0.176)* 

 mem0_5 -0.331 (0.037)*** 

  mem6_12 -0.311 (0.035)*** 

Observations 16998  

* significant at 10%; ** significant at 5%; *** significant at 1% 

 

The effects that do prove to be statistically significant have a much higher impact 

than most other control variables.  For example, the effect of teachers in decreasing child 

labor hours is minute in comparison to the ability of the tools to create more work hours.  
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See tables 4 and 5 below to see the ranked magnitudes of the technology variables on both 

total household labor hours and total agriculture hours. 

  Table 4 

Magnitude of Impact on Household Labor Hours 

 variable hours   

 hoe 2.401 (1.018)**  

 mem36_55 1.373 (0.291)***  

 sickle 1.217 (0.469)***  

 mem56 0.958 (0.342)***  

 mem19_35 0.537 (0.229)**  

 teachers -0.076 (0.022)***  

 mem13_18 -0.411 (0.228)*  

 mem6_12 -0.681 (0.185)***  

  mem0_5 -1.752 (0.201)***   

Observations 16998   

* significant at 10%; ** significant at 5%; *** significant at 1% 

 

  Table 5 

Magnitude of Impact on Household Labor Hours 

 variable hours   

 hoe 2.666 (0.626)***  

 sickle 1.792 (0.438)***  

 feedingprog 1.416 (0.749)*  

 mem56 1.112 (0.322)***  

 mem36_55 0.936 (0.258)***  

 machete 0.724 (0.410)*  

 mem19_35 0.415 (0.179)**  

 ttlyield 0.051 (0.021)**  

 teachers -0.093 (0.024)***  

 headeduc -0.109 (0.049)**  

 mem13_18 -0.537 (0.183)***  

 mem6_12 -0.581 (0.158)***  

 mem0_5 -1.228 (0.174)***  

 rich -3.411 (0.733)***  

  ttlyieldsq -238.055 (108.253)**   

Observations 16998   

* significant at 10%; ** significant at 5%; *** significant at 1% 
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Overall the models show that various types of tools may impact a child’s life in 

different ways.  The smaller tools generally appear to be associated with a more positive 

impact on increasing educational attainment in Malawi.  All but the oxen, the oxcart, the 

wheelbarrow and the sickle are positively associated with educational attainment.  On the 

other hand, the majority of the tools are not associated with a decrease in child labor 

hours.  The situation appears worse for the technology’s effectiveness in reducing farm 

hours, though other factors may be at work here.  The incremental increases in child labor 

hours associated with these technologies pose considerable burden for children of 

developing nations.   

The results of the models do show a variance in the relationship between certain 

technologies and child labor and educational attainment.  As predicted, we cannot simply 

lump all agricultural technologies into one category.  The results indicate that certain tools 

increase more child labor than others, and some tools even reduce child labor.  Focusing 

on columns 1 and 2 of Table 2, the relationship between agricultural technology, 

educational attainment and overall child labor hours is important.  The tools impact these 

two activities in a child’s life in opposite ways, and this relationship must be noted.  Some 

tools and technologies are associated with increases in child education and decreases in 

child labor hours.  The dichotomous relationship is highly desirable as an end to 

development policies and for that very reason, requires further research.   

Given that only a few technologies that are statistically significant in the model, 

such as the donkey and the ax, show such a striking impact, the potential for the model 
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presented here to be refined is great.  There are several limitations to the models that I 

have estimated here which may have made the results less precise.  However, even with 

less precision, some characteristics come through strong.  The formulation of education 

policies that include the role of agriculture could be a part of a host of interventions.  The 

highly varied way that the tools behave to impact children’s work hours and in turn their 

educational attainment will shed more light on the links and further investigation will yield 

more consistent results.     

Other household and school quality characteristics, used as control variables, 

behave predictably and in line with existing literature with the exception of the school 

feeding program variable.7  Household composition is highly statically significant in 

impacting child labor.  Having other school aged children in the family helped to reduce 

child labor hours rather than increase them although as the number of younger aged 

children increase, we see lower grade attainment.  The most consistent and significant 

factor that decreased child labor was the number of teachers within the community.  This 

factor also increased children’s educational attainment.  

One key variable, “ttlyield” representing the total income resulting from crop 

sales, was included in the model to help control for the income effect.  The coefficients on 

“ttlyield” were unexpected.  The increased yields have a wealth effect, raising the 

household budget constraint, and allowing for increased investment in education and in 

                                                 
7 It should be noted that brickbldg, whether or not the school is built of permanent materials, is very close 
to being statically significant at the 90% with p-values of 0.115 and 0.116 in the childeduc and childwkhrs 
models.    
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farm inputs.  The “ttlyieldsq” variable had much larger coefficients than ttlyield which 

may imply a nonlinear relationship or perhaps that “ttlyield”’s net effect is limited due to 

potential investment in both education and on agriculture.   

IX. Limitation of Regression Results and Future Research 

The Integrated Household Survey provides a daunting amount of information that 

could have been used more fully.  There are several limitations to the models and the 

survey which contribute to the imprecision of the coefficients.  The primary concern is 

the large number of missing education observations.  Nearly 20,000 respondents did not 

answer the question about whether they had ever attended school or the highest grade 

they had attained.  Because such a large fraction of the dataset is missing this key variable, 

we must be concerned whether these observations are missing randomly or in a systematic 

manner.  A systematic omission can introduce a host of problems to the regression model 

leading to biased estimates.  The large standard errors in non-statistically significant 

coefficient estimates may be pointing to this issue.   

Secondly, because the models I present here aggregate the varying types of 

agriculture – wet season, dry season, tree farming, tobacco farming – and aggregate across 

all crops, the impact of a certain tool can be distorted.  If a tool plays a different role in 

the family farm depending on the season or crop, it is likely that the true impact of the 

tool on a child’s work is diffused.  Depending on what a farm grows, certain tools are 

more critical.  The inconsistent relationships that the coefficients of machete and hoe 

display may be capturing the varying impacts that tools have.  Further studies should seek 
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to segment each type of farming as well as each type of crop in order to better capture the 

direct impact of the tool on child labor and educational attainment. 

Thirdly, the possibility that education and child labor simultaneously determine 

one another creates an endogeneity issue that violates the assumptions of Ordinary Least 

Squares.  An instrumental variable framework or 2-stage least squares may have been 

more suitable for this estimation.  However, because I sought to find the individual 

impact of technologies on education and labor, finding instrumental variables was not 

possible.  A simultaneous model may have been more ideal, but again I encounter issues 

of identifying instruments.  The nature of the relationship between child labor and 

educational attainment and the inability of OLS to accommodate for it further erode the 

precision of my estimates.  In addition, the possibility of a nonlinear effect of the 

independent variables on my dependent variables could be contributing to the 

imprecision.  It is also possible that technology does not play a very large role in 

determining child labor and child’s education but other issues with the data and the 

models themselves are limiting my measure of effects. 

The limitations of the survey itself are few.  The survey is expansive and thorough.  

However, the lack of an aggregated income variable made it much more difficult to fully 

control for the income effect here.  Secondly, in order to continue this study in a more 

expansive manner, a larger list of farm tools in the ownership data would be extremely 

helpful.  As mentioned above, the missing education observations may have biased the 

estimates of the models.  As surveyors cannot force respondents to answer, this is an issue 
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that cannot be completely resolved.  Also, I have concerns about the timing of the survey.  

Due to the droughts and crop failures that occurred during the time frame of the survey, 

agricultural data may be underestimating the robustness of individual farms. 

X. Policy Impact 

This study produced a promising start.  Governments and international 

organizations should fund more agriculture based studies in predominantly agriculture 

based countries.  With the main economic activity being agriculture in so many developing 

countries, such a focus would not be without merit.  Often, social policies implemented in 

developing countries result in urban bias and the rural populations fail to benefit from 

them.  Such a result is problematic when large segments of their populations are living in 

rural areas.  Policymakers must bring the focus in developing countries back to rural 

development to empower the rural majority to foster economic growth and 

diversification, and to ensure food security. 

XI. Conclusion 

This study began as a way of seeking a more tangible and agriculturally driven 

method of dealing with the improvement of educational attainment in developing 

countries.  Malawi is a great example of a nation struggling with traditional policy 

prescriptions to improve educational attainment.  With the vast majority of Malawians 

working in the agricultural sector, and agriculture often being the main industry in many 

developing countries, I believe an agriculture-focused approach would be a novel and 

effective way to improve education and build human capital in Malawi and other 
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developing countries.  The regression models show a relationship that requires further 

study; given how strongly certain tools and technologies increase children’s educational 

attainment, this crucial perspective should not be lost.  Developing countries especially 

would benefit from increased agriculture-based research to address social issues. 
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Appendix I 

 
Table 1: Definition and description of Variables 

Variable 
name  Description Variable Type Data Type Range Notes 

education 
The highest class 
level attended In/Dependent Numeric [0, 23] 

Used to create education 
variables for children and 
head of household 

School Ever attended school Independent 
Numeric 
(dummy) [0, 1]   

Teachers 

Number of teachers 
in nearest primary 
school Independent Numeric [0, 95] Determinant of school quality 

Brickbldg 

Number of classes 
that meet in 
brick/permanent 
structures Independent Numeric [0, 59] Determinant of school quality 

Cookinghr 
Hrs spent on cooking 
for Household Independent Numeric [0, 6] 

To determine child's time 
spent on household work 

Waterhr 
Hrs spent on 
collecting water Independent Numeric [0, 30] 

To determine child's time 
spent on household related  
work 

Firehr 
Hrs spent on 
collecting firewood Independent Numeric [0, 36] 

To determine child's time 
spent on household related  
work 

Childaghr 

Hrs spent on 
Household Ag 
activities Independent Numeric [0, 114] 

To determine whether or not 
the primary source of income 
is farming, and how many 
hours a child works in the 
field. 

Childwkhrs 
Total hours spent on 
household chores Dependent Numeric  [0, 312] 

Combines cookinghr, waterhr, 
firehr 

Livestock 

Type of livestock 
raised during past 
year Independent 

Numeric 
(dummy) [0, 1] 

Ownership of a list of 
livestock 

Oxen Ownership of Oxen Independent 
Numeric 
(dummy) [0, 1]  

Donkey 
 Ownership of 
Donkey Independent 

Numeric 
(dummy) [0, 1]  

Oxcart Ownership of Oxcart Independent 
Numeric 
(dummy) [0, 1]  

Wheelbarrow 
Ownership of 
Wheelbarrow Independent 

Numeric 
(dummy) [0, 1]  

Sprayer 
Ownership of 
Sprayer Independent 

Numeric 
(dummy) [0, 1]  

Machete 
Ownership of 
Machete Independent 

Numeric 
(dummy) [0, 1]  



41 

Variable 
name  Description Variable Type Data Type Range Notes 

Ax Ownership of Ax Independent 
Numeric 
(dummy) [0, 1]  

Sickle Ownership of Sickle Independent 
Numeric 
(dummy) [0, 1]  

Ttlyield 
Income generated by 
ag yields Independent Numeric [0, 543]   

Mem… 
Household age 
demographic Independent Numeric [0, 12]   

Male Male gender Independent 
Numeric 
(dummy) [0, 1]  

Rich 
Proxy variable for 
higher income Independent 

Numeric 
(dummy) [0,1] To control for income effects 
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Table 2: Summary Statistics of Key Variables 
Variable Mean Median  Stand. 

Dev. 
Min Max 

Educational Attainment 

Highest class attended 5.409 5 3.63 Preschool = 0 Univ 5 & Above 
= 18 

Education of Head of 
Household 

7.06 7 3.902 0 18 

Education of children (6-18 
years old) 

5.412 5 3.634 0 19 

Household Time Use among children 6 to 18 years old 

Total hrs spent working 5.013 0 12.232 0 312 
Hrs spent collecting water 0.366 0 0.661 0 10 
Hrs spent on collecting 
firewood 

0.117 0 0.685 0 30 

Hrs spent on HH ag. Activities 7.215 0 11.999 0 84 
Hrs spent on non-ag HH 
activities 

0.300 0 2.929 0 112 

Hrs spent on casual part time 
labor 

0.884 0 5.314 0 300 

Hrs spent on wage labor 1.958 0 9.618 0 108 

Agricultural Technologies 

Total income from sold 
harvest (in 10 USD) 

3.497 0 18.684 0 543 

Owns Oxen  0.026 0 0.159 0 1 
Owns Donkey 0.00038 0 0.01948 0 1 
Owns Oxcart 0.0316 0 0.175 0 1 
Owns Wheelbarrow 0.0548 0 0.2275 0 1 
Owns Ax 0.721 1 0.448 0 1 
Owns Hoe 0.926 1 0.262 0 1 
Owns Machete 0.672 1 0.4696 0 1 
Owns Sprayer 0.027 0 0.162 0 1 
Owns Sickle 0.582 1 0.493 0 1 

Other Characteristics 

Age  23.357 19 15.839 0 98 
Rich 0.1001 0 0.300 0 1 
Sex (Male) 0.522 1 0.4995 0 1 
Household Size 5.85 6 2.656 1 27 
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Table 3. 

Impact of Technology on Children's Education and Children's Work Hours 

  childeduc  childwkhrs  childaghr  

Constant  1.378  12.027  3.829  

  (0.413)***  (2.034)***  (1.872)**  

ageyr  0.066  -0.381  0.046  

  (0.011)***  (0.054)***  (0.043)  

male  -0.193  -0.038  0.117  

  (0.062)***  (0.351)  (0.277)  

rich  0.526  -1.01  -3.411  

  (0.209)**  (0.906)  (0.733)***  

headeduc  0.373  0.02  -0.109  

  (0.014)***  (0.055)  (0.049)**  

Family Members        

mem0_5  -0.331  -1.752  -1.228  

  (0.037)***  (0.201)***  (0.174)***  

mem6_12  -0.311  -0.681  -0.581  

  (0.035)***  (0.185)***  (0.158)***  

mem13_18  0.181  -0.411  -0.537  

  (0.036)***  (0.228)*  (0.183)***  

mem19_35  0.397  0.537  0.415  

  (0.039)***  (0.229)**  (0.179)**  

mem36_55  0.318  1.373  0.936  

  (0.051)***  (0.291)***  (0.258)***  

mem56  0.227  0.958  1.112  

  (0.061)***  (0.342)***  (0.322)***  

brickbldg  0.104  0.846  0.651  

  (0.066)  (0.537)  (0.538)  

feedingprog  -0.122  1.21  1.416  

  (0.129)  (0.775)  (0.749)*  

teachers  0.007  -0.076  -0.093  

  (0.003)**  (0.022)***  (0.024)***  

oxen  -0.295  1.023  1.468  

  (0.176)*  (1.137)  (1.041)  

donkey  1.347  -1.877  -1.307  

  (0.294)***  (1.796)  (1.625)  

oxcart  -0.247  0.164  0.858  

  (0.166)  (1.286)  (1.167)  

wheelbarrow  -0.124  0.723  0.075  

  (0.259)  (0.952)  (0.832)  

sprayer  0.141  -0.079  0.089  

  (0.256)  (1.326)  (1.285)  
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machete  0.105  0.392  0.724  

  (0.073)  (0.482)  (0.410)*  

hoe  0.018  2.401  2.666  

  (0.266)  (1.018)**  (0.626)***  

  childeduc  childwkhrs  childaghr  

        

Ax  0.357  -0.208  0.238  

  (0.085)***  (0.543)  (0.454)  

sickle  -0.124  1.217  1.792  

  (0.082)  (0.469)***  (0.438)***  

ttlyield  0  0.035  0.051  

  (0.003)  (0.022)  (0.021)**  

ttlyieldsq  3.141  -143.209  -238.055  

    (16.488)   (109.302)   (108.253)**   

Observations  16998  16998  16998  

Standard errors in parentheses      

* significant at 10%; ** significant at 5%; *** significant at 1%    

 


