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Abstract 

The effects of malaria on education in the developing world are already well-

documented: as a child contracts the disease, school absenteeism increases, the child falls 

behind and thus becomes more likely to drop out at an early age. This we know. What we 

don’t know is the opposite effect: the role of education on malaria. Of particular interest, 

due to the relative risk of certain groups to malaria, are the effects of mother’s education 

on their children’s likelihood of contracting malaria. In theory, a number of mechanisms 

could link low maternal education to a higher risk of malaria: poorer understanding of the 

disease’s transmission, less ability to allocate resources within the household in order to 

prevent childhood malaria, higher likelihood to resort to traditional remedies and healers 

for prevention and cure, and a relative malaise regarding malaria are all potential 

explanations. Using data from the 2010 Zambia Malaria Indicator Survey, I test the 

effect of maternal education - measured in terms of highest school grade completed - on 

utilization of bed nets and malaria blood slide results. The results of these tests suggest 

that a mother’s education has a strong effect on the risk of her child contracting malaria, 

even when controlling for factors such as wealth and living in a rural area. 
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Chapter 1. Introduction 

The effects of malaria on education in the developing world are well-known: malaria 

keeps children out of school, which encourages drop-outs; it also disproportionately kills 

the very young, giving parents incentive to have more children in order to replace future 

sources of support, which in turn decreases the per-child educational investment within 

families. Less well understood are the effects of education on malaria. Malaria is a 

complicated disease, as is its prevention. Even worse, throughout the developing world it 

is treated with a relative malaise, resulting primarily from the very fact that its effects are 

most severe in the young. As a result, there is ample theory to suggest that the causal 

arrow may run not just from malaria to education, but also in the other direction: with 

lower levels of education, for numerous reasons mothers are less likely to utilize 

preventive care for their children, which then results in increased risk of malaria for their 

children.  

I estimate the effect of maternal education on childhood malaria prevalence, using 

the newly-released 2010 Zambia National Malaria Indicator Survey (National Malaria 

Control Center, 2011). The culmination of a nationwide survey - and based on the well-

known Demographic and Health Surveys questionnaire – which includes the results of 

blood sample tests for malaria in children, the ZNMIS offers a rare opportunity to 

examine the effect of numerous factors on childhood malaria. Previous country-wide 

malaria surveys, such as the DHS, suffered from numerous limitations when estimating 

childhood malaria prevalence. For instance, prevalence estimators in recent DHS surveys 

were limited to questions which asked mothers if their children had suffered from fever in 
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the previous two weeks, or whether their children had ever suffered from convulsions. 

While these indicators serve as legitimate proxies for malaria in most of Sub-Saharan 

Africa, they are not without serious potential for error. ZNMIS sidesteps such issues by 

going straight to the source, testing each of the children included in the survey for 

malaria. 

I hypothesize that maternal education will be positively associated with 

preventive care, which in turn will be negatively associated with malarial risk in children 

under the age of 5. Using the ZNMIS data, I utilize a number of statistical tests to tease 

out the effects of education on both preventative care and malaria prevalence. A primary 

methodological concern in this case is the theoretical endogenous relationship between 

malaria and education: as we have already noted, the causal arrow is known to run from 

malaria to education, and I hypothesize that it points the opposite direction as well. As a 

result, a feedback loop is potentially at work, creating a classic case of endogeneity. To 

address this issue, I utilize instrumental variables to proxy for maternal education, to be 

discussed below. I also utilize multinomial logit regression in order to tease out the effect 

of maternal education from the effects of wealth on preventative care. 
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Chapter 2. Motivation and Justification for Analysis 

Malaria’s impact is felt most profoundly in the tropical and sub-tropical regions of the 

world, namely Sub-Saharan Africa, South and Southeast Asia, and Latin America. The 

harmful effects of malaria on the economies of these areas are well known (Gallup & 

Sachs, 2001; Sachs & Melaney, 2002). These effects include work absenteeism for 

adults, school absenteeism for children, and deflated investment from multinational firms 

fearful of the human costs of introducing foreign managers into malarious environments 

(Thurow, 2001). 

The effects of malaria on childhood education are well documented and 

predictable: as students contract the disease, they miss school, often numerous times per 

year; as students miss school, they become less able to proceed to the next grade, even in 

many of the world’s poorest school systems; as a result, dropouts becomes more likely. 

Unfortunately, this progression most often occurs amongst students who are already 

severely lacking in educational opportunities. Finally, higher infant mortality rates are 

associated with higher numbers of children per family, thereby decreasing the amount of 

educational investment per child (Sachs & Melaney, 2002).  

While the causal effect of malaria on education is fairly well established, the 

effect of education on malarial risk is less well understood. Malaria prevention in the 

tropics requires the use of bed nets, insecticides, prophylactic medications, and other 

potentially complicated measures. These prevent formidable user barriers which, coupled 

with an adult population with an often skeptical and/or complacent attitude towards 
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malaria and strong in its traditional beliefs, breed ineffective or nonexistent prevention 

practices, and therefore increased malaria prevalence.  

For numerous reasons, malaria has become a hot topic among global health NGOs 

and donor countries in recent years. Since 1999 the Gates Foundation has provided grants 

to anti-malaria campaigns, donating a total of $456 million to the PATH Malaria Vaccine 

Initiative alone, among other donations (Gates Foundation, 2012). In 2005 the President’s 

Malaria Initiative (PMI) was launched by the Bush Administration. Initially envisioned as 

a $1.2 billion increase of the federal government’s malaria efforts, the program has since 

been renewed through 2013. PMI has focused primarily on indoor residual spraying, 

insecticide-treated bed nets, training health care workers, anti-malarial medications, and 

administrative improvements in the countries hardest hit by malaria (President’s Malaria 

Initiative, 2011). 

This money will have been spent in vain, however, if these organizations fail to 

couple malaria interventions with appropriate education. Any interventions which fail to 

address the human capital issues – particularly educational issues – involved in the 

households which serve as the front-lines of the war on malaria are unlikely to succeed, 

and therefore the resources allocated to malaria could be better utilized elsewhere. 
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Chapter 3. Literature Review and Institutional Background 

This study draws on the literatures of a range of fields, including infectious disease, 

health economics, anthropology, and women’s education. The transmission patterns, or 

etiology, of malaria, the effect of community factors on health care selection, the effect of 

maternal education on health care selection, and the impact of malaria in Zambia must all 

be part of the discussion in order to fully appreciate the problem at hand. In brief, 

numerous studies have shown that malaria has a strong impact on the economies of the 

countries in which it is widely prevalent, including Zambia, and a wide range of factors 

have been found to link both community beliefs and maternal education with health care 

selection. As such, the literature builds a strong case for the proposed hypothesis: 

improved maternal education will have a negative impact on childhood malarial risk. 

 

How Malaria Works 

Malaria is a parasite which thrives in the stomachs of mosquitoes of the Anopheles genus, 

as well as the bodies of humans and animals. The malarial life-cycle begins as the female 

Anopheles mosquito injects her proboscis into the skin of an infected human or animal 

and takes a blood feast, at which point malarial parasites enter the mosquito’s body. Male 

and female gametocytes of the parasite then spend the next one to three weeks in the 

stomach of the mosquito, where they produce thousands of sporozoites in a sac in the 

mosquito’s gut. Once this sac reaches its limit, it explodes and releases thousands of 

parasites into the stomach of the mosquito which, not surprisingly, cause no harm to the 

insect itself. Some of these parasites eventually make their way into the salivary glands of 
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the mosquito, from which they are injected into the next human or animal on which the 

insect feasts. 

Having been injected into the human bloodstream via mosquito bite, the malaria 

parasites make their way to the liver, where they invade oxygen-carrying red blood cells. 

Once inside the red blood cell, they continue multiplying to the point at which the cell 

ruptures. The result for the human or animal is anemia (lack of oxygen in the blood) 

which, if left unchecked, eventually leads to the failure of the body’s major organ 

systems and death. During the process of human infection, some male and female 

plasmodium gametocytes are manufactured and infect the next mosquito to bite the 

human. Thereby the malarial life cycle continues (Garrett, 1994).  

The three most common varieties of the parasite are Plasmodium vivax, 

Plasmodium malariae and Plasmodium falciparum. Of these, P. falciparum is the most 

lethal (Gallup & Sachs, 2001). They are located in the tropical regions of the world, 

where high temperatures promote quick turnover in the malarial life cycle. As outside 

temperatures drop, the life cycle slows, thereby slowing the parasite’s reproductive cycle. 

With lower temperatures, fewer parasites are produced, and the effect of medicinal and 

insecticidal interventions increases. This occurs with progressively lower temperatures 

until transmission of malaria becomes extremely unlikely at temperatures below 18 

degrees Celcius (Sachs & Melaney, 2002). By these means countries in the northern 

hemisphere have managed to fully eradicate malaria from within their borders. 
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Malaria’s Impact 

Malaria is currently the world’s most prevalent vector-borne disease, and ranks among its 

most deadly tropical diseases. It affects over 100 countries today, 98% of deaths occur in 

35 countries (Roll Back Malaria Partnership, 2008), and ranks in the top three killers 

among communicable diseases. In endemic countries, malaria accounts on average for 

25% of all-cause mortality (Sachs & Melaney, 2002). Estimates of the death toll of 

malaria vary from 1 to 3 million deaths per year (Sachs & Melaney, 2002; Morens et al., 

2004) and 300-500 million cases per year (Sachs & Melaney, 2002; Garrett, 1994). Of 

the hundreds of millions of cases worldwide, Africa accounts for roughly 90% (Sachs & 

Melaney, 2002). Only decades ago, Africa accounted for only 80% of all cases, evidence 

of the growing concentration of the disease on the dark continent (Garrett, 1994). As 

much as 95% of the world’s malaria deaths occur in Africa, and in recent decades the 

emergence of drug resistant forms of the parasite have improved its effective lethality. As 

of 1983, malaria accounted for roughly 30% of all deaths in Zaire (now Democratic 

Republic of the Congo). By 1986, it had grown to account for over 50% of all deaths in 

the country (Garrett, 1994). 

While the human toll of malaria is fairly apparent, less obvious is the economic 

toll taken by the disease. As the greatest effect of the disease is primarily relegated to 

Sub-Saharan Africa - the world’s least developed and most poverty-stricken region - 

untangling the effects of malaria from other factors can be difficult. Gallup & Sachs 

(2001) find that even after controlling for other relevant variables, the countries of the 

non-malarial world boast income levels 50% greater on average than those of malarial 
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regions. Sachs & Melaney (2002) calculate the average GDP per capita in the malarial 

world to be $1526, while income per person for the non-malarial world is over 5 times 

greater, at $8268. Sachs & Gallup (2001) also estimate the economic effect of malaria on 

African economies to be 1.3% reduced growth per year from 1965 to 1990, and also find 

a 10% reduction in malaria prevalence to be associated with .3% greater economic 

growth. 

 

Malaria in Zambia 

Evidence shows Zambia to be one of the Sub-Saharan African countries hardest hit by 

malaria. The World Health Organization’s (WHO) World Malaria Report 2010 shows 

100% of the Zambian population to be at risk of contracting the disease, based on 

geography alone. Furthermore, the sole malarial parasite in Zambia is the killer P. 

falciparum microbe, which has accounted for anywhere between 3 and 4 million cases of 

malaria in Zambia per year since 2000, in a country with a population of only 12 million 

(World Health Organization, 2010). In 2002, Sachs & Melaney estimated the economic 

effect of endemic malaria on Zambia from the period 1980-1995 to have been $1.4 

billion (US 1995 dollars), and found that malaria accounted for an 18% loss in 

GDP/capita or $151 per person in that time. Masiye & Rehnberg (2005) estimated that an 

improved malaria treatment program could add $77 million to the Zambian economy, or 

about 1.8% of GDP per year. 

 Fortunately for Zambia, policymakers were attuned to the warnings of researchers 

such as Sachs, Melaney, Gallop, Masiye and Rehnberg, and in the early 2000s began to 
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address malaria with vigor. In 2003 Zambia became one of Africa’s first countries to 

change the suggested preventative medication from the increasingly ineffective 

chloroquine to the newer artemether-lumefantrine. Furthermore, the government 

improved training, wall charts, and treatment guidelines nationwide (Hamer et al, 2007). 

In 2005 the Ministry of Health released the Road Map for Impact on Malaria in Zambia, 

2006-2010, which committed to a new focus on prevention among pregnant women, 

vector (mosquito) management, care for the sick, diagnosis, and improved case 

management for malaria victims (National Malaria Control Center, 2005). Zambia has 

also seen greater attention from the international donor community in recent years. In 

2000 the USAID annual contribution to Zambian malaria control was $4 million. In 2006 

the amount increased to $7 million, and by 2009 it was $14.7 million (World Health 

Organization, 2010). This was primarily a result of Zambia’s inclusion as one of the first 

five countries targeted by the Bush Administration’s President’s Malaria Initiative (Shah, 

2010). The World Bank also contributed amounts of $12 million, $10 million and $5 

million in 2005, 2007, and 2009, respectively (World Health Organization, 2010).  

 

Education and Community Factors in Health Care Selection 

As previously noted, the effects of malaria on educational attainment in the developing 

world are well understood. Sachs & Melaney (2002) find that malaria affects economic 

growth in endemic countries by cutting into human capital stocks of children and 

increasing absenteeism. Studies have found malaria to contribute significantly to school 

absenteeism in Africa (Sachs & Melaney, 2002). Lucas (2010) also found evidence for 
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malaria affecting schooling rates in case studies of female students in Sri Lanka and 

Paraguay, where drops in malaria prevalence were associated with increases in literacy 

and educational attainment. 

Less well understood, however, is how the causal arrow might run from education 

to malaria risk. Malaria is a complicated disease, which finds its way inside the human 

body almost exclusively in the night as the victim sleeps. Both prevention and treatment 

are complicated, involving medicines, insecticides and environmental interventions 

foreign to many of the rural, traditional peoples on whom the disease predominantly 

preys. In The Fever: How Malaria has Rules Humankind for 500,000 Years, Sonia Shah 

describes many of the causal mechanisms by which education (or the lack thereof) may 

contribute to higher risks for malaria. These mechanisms include: 1) misunderstanding of 

the relationship between the vector (mosquito) and the disease; 2) reliance on home 

treatment and traditional healers for malaria victims; and 3) the fact that malaria is treated 

with malaise, as a commonplace illness not worthy of expensive, complicated, or 

physically-strenuous prevention and treatment techniques. 

 

Misunderstanding of the Relationship between the Vector and the Disease 

In much of rural Africa, malaria is correctly attributed to the bite of the mosquito. 

However, the same people who correctly attribute the disease to mosquitoes may often 

just as quickly misattribute the disease to factors such as hexes, dirty water and food, evil 

spirits, hard work, overexposure to the sun, un-boiled water, cold weather, and wet 

weather (Shah, 2010). Okrah et al (2002) finds that soumayah (a catch-all phrase for 
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malaria and similar fevers in Burkina Faso) is attributed to both mosquito bites and other 

sources such as humidity, rain and cold. Hill et al (2003), Ahorlu et al (1997), Ahorlu et 

al (2006), and Adongo et al (2005) similarly find problems associated with a 

misunderstanding of malaria and other diseases’ modes of transmission. 

 

Reliance on Home Treatment and Traditional Healers 

Shah (2010) finds that the Lake Molombe Chewa people of Malawi prefer to stay at 

home when the disease presents. Once home remedies have failed, the next step is often 

to seek out medications from a local pharmacy or off the street. In this case, medications 

are sold without proper dosage instructions, which then often leads to medications being 

taken inappropriately. It is common, then, for the victim to take enough of the medication 

to relieve the acute symptoms, but not enough to thoroughly remove the disease. Excess 

medication is usually stored for the next malarial bout. Unfortunately, this practice often 

only serves to enhance the disease’s resistance: those blood-borne parasites which are 

able to survive the first onslaught of medication in essence “learn” the medicines’ secrets, 

and are thereby immune from future medicinal attacks. As a result, the offspring of those 

parasites inherent the genetic traits necessary to be immune to medication, and drug 

resistance is spread. Amexo et al (2004) finds that more than 70% of African malaria 

cases are treated at home. Hill et al (2003) finds that 79% of cases of childhood illness in 

rural Ghana are treated at home, in 77% of cases home treatment was the first action 

taken, 42% sought the care of a traditional healer, and only 35% sought medical care. 
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Dzator & Asafu-Adjaye (2004) similarly find an association between educational 

attainment and care seeking behavior to combat malaria in Ghana. 

 

Malarial Malaise 

As Shah (2010) notes, most of the ways that we have devised to prevent and treat malaria 

require “committed participation of malaria’s victims” (122). Therefore, those with the 

least understanding of the disease are often the least likely to fully maximize the benefits 

of modern, malaria-fighting technology. Shah notes that among many of the peoples of 

Africa, “it isn’t that they are not interested in effective fixes. It is that, as with people 

everywhere, there’s little interest in fixes that are time-consuming or temporary, or that 

promise only – in their minds – marginal efficacy” (124). For most of the African 

population, malaria is treated in much the same way Americans treat a headache or, at 

best, a cold or flu: as a minor inconvenience.  

This stems largely from the fact that adults are the primary decision-makers 

regarding malaria, particularly within their own households. To have reached adulthood 

in Africa, parents have likely survived numerous episodes of malaria, and now only 

experience the disease in a limited form as a result of their body’s hard-won immunity to 

the parasite. The toll that malaria takes on the children and pregnant women of Africa – 

those most susceptible to the disease – is ignored or misunderstood by the majority of 

these adults. As a result, prevention techniques are not fully maximized. Therefore, 

among the Chikwawa people of Malawi, Shah notes that bed nets have been found to be 

used for fishing rather than to protect against mosquitoes. In this case, the economic gain 
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from the fish clearly outweighs the consequences of contracting malaria. Ahorlu et al 

(2006) finds that in southern Ghana, malaria and related illnesses believed to have been 

contracted by mosquitos or (incorrectly) from over-exposure to the sun are treated with a 

relative malaise.  However, malaria believed to have been contracted from houseflies or 

worms is treated with much greater severity, and malaria believed to have been 

contracted as a result of dirt in the stomach – which is associated with convulsions – is 

treated most severely of all. Hill et al (2003) similarly finds that the illness referred to in 

rural Ghana as “hot body” is treated with relative passivity, while convulsions were taken 

seriously. Unfortunately, the connection from “hot body” to convulsions is unlikely to 

ever be made by the victim or his caregivers. Taffa & Chepngeno (2005) similarly find 

that in the slums of Nairobi, the perceived severity of the disease in question is strongly 

associated with the choice to seek medical care. The following suggest that as long as 

malaria’s primary victims treat it as common – contrary to the available data on the 

mortality, morbidity, and economic effects associated with the disease – and therefore not 

a severe disease, adequate precautions and treatments will be underutilized. 

 

Maternal Education and Health Care Selection and Outcomes 

The literature is replete with evidence of the effect of maternal education on health care 

selection and outcomes for children. In a study conducted at the Kuwait Teaching 

Hospital, Ali et al (2011) find literate mothers to be significantly more likely to vaccinate 

their children than illiterate mothers. A common refrain holds that such a relationship is 

in fact misguided, and that education is merely a proxy for household wealth, and it is 
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actually wealth driving better care seeking and health outcomes among these women. 

Fuchs et al (2010) address this issue using DHS data from the developing world, finding 

that in a majority of countries surveyed, maternal education trumps wealth effects in 

terms of child health outcomes. Desai & Alva (1998) address the wealth-education debate 

as well, using DHS data from 22 developing countries, finding that while the effects of 

maternal education on infant mortality and child’s height succumb to controls for wealth 

and husband’s education, the relationship between maternal education and immunization 

status remains strong in a majority of cases, even when the above controls are included. 

Raghupathy (1996) finds maternal education to be positively associated with use of 

prenatal care, and remains so across all levels of educational attainment. However, the 

positive effects of education on delivery assistance are only present beyond the level of 

secondary schooling. Rural vs. urban residence effects are also observed, and secondary 

educational attainment is determined to be the most consistent predictor of health care 

usage. 

Gakidou et al (2010) found the effect of maternal education on child health 

outcomes to have no ceiling, estimating that the education of women of reproductive age 

in recent decades may account for as much as half of the reduction in under-5 mortality in 

the 175 countries covered by their study. 

Returning to the root causes of the relationship between maternal education and 

child health, a number of authors find that more educated mothers are better able to make 

use of modern health care. Engle et al (1999) find that higher maternal education 

improves the mother’s ability to process information, acquire skills, and model behavior 
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for their children. LeVine et al (1991) find that more educated mothers were more likely 

to take on a teacher role with their children regarding health care, and also found more 

educated mothers to be more committed to their children’s health.  

A number of studies suggest that more educated women are better able to 

navigate increasingly complicated health care systems. Joshi (1994) finds that more 

educated mothers are more able to navigate modern medical bureaucracies. Thomas, 

Strauss & Henriques (1990) find that more educated women are better able to use health 

care facilities, keep their environments clean, and thereby improve their children’s health 

outcomes.  

Other explanations of the relationship between maternal education and child 

health suggest that mother’s with more education are better able to bargain for their 

children’s sake within the household. In many households in the developing world, 

patriarchal patterns dominate, and even those women who know how best to treat their 

children are unable to do so. The classic case is that in which a household has a limited 

of, or only one, bed net. Given that the husband and father is often the breadwinner for 

the family, it is common for the husband and father to use the bed net. However, this 

practice flies directly in the face of what experience tells us. In fact, it is the children and 

pregnant women who are most at risk for life-threatening malaria. While the father may 

contract the disease from having failed to sleep under a bed net, the result is likely to be a 

few days of worked missed. For the child or expectant mother, however, the result of 

having failed to sleep under a bed net could be death. Therefore, not only must mothers 
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have the knowledge to know how to best allocate household resources, but she must have 

the standing in the house to be able to make that allocation a reality. 

A number of authors have found that more educated mothers are better at 

“bargaining” with their husbands for allocation of household resources. Engle (1991) and 

Engle (1993) find that the higher the percentage of household income earned by mothers, 

the better the health outcomes for their children. Johnson and Rogers (1993), Onyango, 

Tucker, & Eisemon (1994), and Kennedy & Peters (1992) find that, in some cases, 

children in woman-headed households fare better than do children in male-headed 

households, and that this is possibly due to a better allocation of resources in favor of the 

children. Finally, in a study conducted in Jordan, Doan & Bisharat (1990) found that 

among the most significant factors contributing to a child’s nutrition was the autonomy of 

the mother within the household, and found this relationship to hold in the presence of 

other maternal background indicators. To the degree that greater education contributes to 

a woman’s autonomy or standing within the household, maternal education should 

contribute to better health selection and outcomes for those mother’s children.  
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Chapter 4. Methodological Approach and Theoretical Model 

As previously noted, the literature has described numerous mechanisms by which a 

mother’s (lack of) education might increase or decrease that mother’s child’s chance of 

contracting malaria. 

1. Less educated mothers are more likely to misunderstand the relationship 

between the vector (mosquito) and the disease. 

2. Less educated mothers are more likely to rely on home treatment and 

traditional healers for malaria victims. 

3. Less educated mothers are more likely to treat malaria with malaise, as 

something commonplace and not worthy of expensive, complicated, or 

physically-strenuous prevention and treatment techniques. 

4. More educated mothers are better able to bargain with fathers for 

allocation of household resources in favor of the children. 

5. More educated mothers are better able to utilize modern health care. 

 

Conceptual Model 

Unfortunately, the data to tease out which of these factors has the strongest effect on 

childhood malaria does not exist. Future studies may consider addressing this topic. 
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Figure 1 



19 
 

Chapter 5. Empirical Model and Estimation Strategy 

I utilize a number of statistical techniques to tease out the effects of maternal education 

on both preventative care and the presence of childhood malaria. 

 

Maternal Education and Preventative Care 

In the first case, to determine the effect of maternal education on preventative care, I 

utilize multinomial logit of the form: 

 

yiBed Net Usage = α + β1School Grade+ β2Rural + β3Wealth Quintile + µ 

 

Multinomial logit is used to estimate the effect of independent variables on ordinal 

dependent variables. In this case, I estimate “preventative care” with the variable Net 

Usage, which is equal to 0 if the household has no bed net, 1 if the household has a bed 

net but does not use it, and 2 if the household has a bed net and uses it. “maternal 

education” is estimated using the variable School Grade, taking the value of the highest 

school grade completed by the mother. 

 I utilize multinomial logit in order to account for the fact that preventative care 

using bed nets is dependent on a household’s income. Bed nets cost money, sometimes 

only token amounts, and therefore in some cases the mother’s choice to use the bed net is 

not a result of her education, but whether or not she can afford a bed net. Therefore, using 

multinomial logit I am able to break the dependent variable down into 3 categories which 

account for both maternal education and household wealth. 
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 I also utilize an instrumental variable, 2-stage least squares regression of the form: 

 

yiBed Net Use = α + β1School Grade + β2Rural + β3Wealth Quintile + µ 

 

to test the effect of maternal education on preventative care. 2-stage least squares 

regression corrects for the theoretical endogeneity between maternal education and 

preventative education. In this case, I estimate “preventative care” with the variable Net 

Use, which equals 0 if the household does not own or owns but does not use a bed net, 

and 1 if the household owns and uses its bed net. I also control for rural residence and 

household wealth quintile. 

 

Maternal Education and the Presence of Childhood Malaria 

To determine the effect of maternal education on the presence of childhood malaria, I 

estimate an instrumental variable, 2-stage least squares regression of the form: 

 

yiChildhood Malaria = α + β1School Grade+ β2Rural + β3Wealth Quintile + µ 

 

As previously discussed, 2-stage least squares regression corrects the theorized 

endogeneity between maternal education and malaria. As in the tests above, I control for 

rural residence and household wealth quintile. 
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Instrumental Variables 

Instrumental Variables must meet the following two conditions in order to be considered 

suitable: relevance and exogeneity. The relevance condition holds that the instrument 

must be correlated with the variable for which it is instrumenting. The exogeneity 

condition essentially holds that the instrumental variable must not be correlated with the 

dependent variable. 

 In the first case, a suitable instrumental variable must be both correlated with 

maternal education and uncorrelated with preventative care. In the second case, a suitable 

instrumental variable must be both correlated with maternal education and uncorrelated 

with the presence of childhood malaria. In both tests, the best instruments, given the 

variables available, are schools per capita in the mother’s province of residence and 

mother’s age.  

In the case of people per school in the province of residence, this variable should 

correlate with more educational opportunities, and therefore number of years of schooling 

for mothers. However, there is no theoretical link between number of schools in a region 

and the prevalence of malaria or preventative care in that area. In the case of mother’s 

age, we can expect older mothers to have had more opportunity for education, but again 

there should be no direct link between mother’s age and malaria prevalence in their 

children or in that mother’s use of preventative care. Taken together, these two variables 

serve as a single instrumental variable.  
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Chapter 6. Description of Data 

Zambia provides the best possibilities for a study of the effect of education on malaria 

prevalence among all malaria-endemic countries, primarily as a result of the National 

Malaria Control Center – a part of the Zambian Ministry of Health – National Malaria 

Indicator Survey (ZNMIS). 

 The ZNMIS is a nationally-representative sample of 4500 households, focusing 

primarily on the malaria burden of children under age five and the background 

characteristics of those children’s mothers. It is the result of coordination between the 

Ministry of Health, the Central Statistical Office, the Malaria Control and Evaluation 

Partnership in Africa, the World Health Organization, UNICEF, the United States’ 

President’s Malaria Initiative, Health Services and Systems Program, the World Bank, 

and the University of Zambia. Along with background data on the parents in each 

household, the survey includes the results of blood tests for malaria parasites, 

circumventing the common practice in African to diagnose all fevers and related illnesses 

to malaria. Other variables address malaria knowledge, malaria prevalence, coverage of 

malaria interventions, and household characteristics such as wealth quintile, assets, 

region, ethnicity and religion. Finally, comparisons are available to previous ZNMIS data 

from 2006-2008.  

Table 1. Sample and Limiting Factors 
Limiting Factor Sample Size 
All Children 3995 
Matched with Mothers 3271 
Slide Result 2870 
Mother’s Education 2870 
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Two questionnaires were distributed. First, a household survey was conducted to 

determine all mothers eligible to answer the individual women’s survey. In these surveys, 

all children under the age of 6 were identified for surveying, providing the basis for the 

children’s survey. 

The initial sample of children consisted of 3995 respondents: the children 

identified by the surveyors as belonging to the mother’s in the women’s survey. Of those 

3995 children, 3271 could be matched with their mothers, and thereby the mothers’ and 

children’s surveys could be merged. Of the 3271 children matched with their mothers, 

2870 had malaria blood slide test results and data for mother’s education available. 

The primary variables of interest in my test are Slide Result, taking a value of 0 if 

the child’s malaria test is found to be negative, 1 if found positive; School Grade, which 

takes the value of the highest school grade completed by the mother; Net Usage, which 

takes on a value of 0 if the family has no bed net, 1 if the family has a bed net but it was 

not observed to be hanging at the time of the survey, and 2 if the family owns a net and it 

was used the night before the survey. For Models 3 and 4, the dependent variable of 

interest is Net Use, which takes a value of 0 if the family either has no bed net or has a 

bed net but it was not used the night before the survey, and 1 if it was used the night 

before the survey. 

 

Instrumental Variables 

People per School per Province was derived from the 2000 and 2010 (Central Statistical 

Office, 2011) provincial populations and the number of schools per province in Zambia 
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as of 2004 (United Nations, 2010). Mother’s Age was derived from the ZNMIS survey. 
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Chapter 7. Results 

Table 2. Multinomial Logit: Effect of Maternal Education on Bed Net Ownership 
and Usage 
Base Outcome = No Bednet, No Usage 
Outcome Variable Model 1 Model 2 
Own Bed Net, 
No Usage  

School Grade 
 

 
Wealth 

Quintile 
 

Rural 

.9998    
(.023)     

 
--- 
 

 
--- 

1.028    
(.027) 

      
3.450*** 

(.851) 
 

1.131* 
(.080)      

Own and Use 
Bed Net 
  

School Grade 
 

 
Wealth 

Quintile 
 

Rural 

1.032***    
(.011)      

 
--- 
 

 
--- 

1.033*** 
(.012) 

 
2.325*** 

(.237) 
 

1.218*** 
(.041) 

  N=3271 N=3271 
Relative risks reported, standard errors in parentheses 
* statistically significant at .1 level, ** statistically significant at .05 level, *** statistically significant at .01 level 

 

Table 2 reports the results of Models 1 and 2, testing the effect of maternal education on 

preventative care. The multinomial logit tests in Models 1 and 2 were intended to tease 

out the difference in the effects of wealth and living in a rural area from maternal 

education on preventative care. Theoretically, if a family lacks bed nets, they do so 

because the cost of the net is prohibitive; if they own a bed net but fail to use it, it is 

likely due to an issue related to their understanding of the function or necessity of the bed 

net. Thus, the outcomes “Own Bed Net, No Usage” and “Own and Use Bed Net” should, 

theoretically, tease out this difference, as evidenced by the fact that Wealth Quintile is a 
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significant predictor of “Own Bed Net, No Usage” and School Grade is a significant 

predictor of “Own and Use Bed Net” in Model 2. The relative risks associated with  

School Grade in both Models 1 and 2 for the outcome “Own and Use Bed Net” suggests 

that for each additional grade of schooling achieved by a mother, she is 3% more likely to 

own and use a bed net. As was hypothesized, School Grade was not a significant 

predictor of the outcome “Own Bed Net, No Usage” in either Model 1 or 2. The 

following suggests that maternal education is a significant predictor of preventative care, 

estimated in terms of bed net usage. As theorized, wealth and rural residence are also 

significant predictors. 

Table 3. 2-Stage Least Squares: Effect of Mother’s Education on Bed Net Usage 
Variable Model 3 Model 4 

School Grade 
 
 

Rural 
 
 

Wealth 
Quintile 

 
Constant 

-.038*** 
(.014) 

 
--- 
 
 

--- 
 
 

.725*** 
(.082) 

.037* 
(.022) 

 
.201*** 
(.030) 

 
.019 

(.020) 
 

.095*** 
(.092) 

Instrumented 
Variable: 

 
Instruments: 

 
Wald test of 
exogeneity  

Number of obs       
Wald chi2(1)     

Prob > chi2 

School Grade 
 
People/School/Province 
Mother’s Age 

 
 
 

3271 
7.35 
.007 

School Grade 
 
People/School/Province 
Mother’s Age 

 
 
 

3271 
63.77 
.000 

* statistically significant at .1 level, ** statistically significant at .05 level, *** statistically significant at .01 level 
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Models 3 and 4 present the results of instrumental variable, 2-stage least squares 

regressions testing the effects of maternal education on the use of preventative 

care,estimated as the use or non-use of bed nets. Model 3 shows School Grade to be a 

statistically significant predictor of bet net use. Model 4 estimates the effect of School 

Grade on preventative care, controlling for the effect of Wealth Quintile and Rural. As  

predicted, School Grade is found to be a statistically significant predictor of preventative 

care. The coefficient on School Grade in Model 3 counter-intuitively suggests that for 

each grade of schooling achieved by a mother, her likelihood of owning and using a bed 

net decreases by 3.8%. However, when appropriate controls are included in Model 4, the 

predicted positive relationship between schooling and bed net use returns. In Model 4, 

the coefficient on School Grade suggests that for each grade of schooling achieved by a 

mother, she is 3.7% more likely to own and use a bed net. As theorized, Rural is a 

significant predictor of bed net ownership and use. The coefficient suggests that living in 

a rural area accounts for a 20% increased likelihood of owning and using a bed net. 

However, Wealth Quintile is not found to be statistically significant. Finally, the Wald 

Chi-Squared coefficients for both Models 3 and 4 suggest that the variables 

Schools/Province/Capita and Mother’s Age are suitable instruments. 

Table 4 reports the results of instrumental variable, 2-stage least squares 

regression models testing the effect of maternal education on childhood malaria 

prevalence. School Grade is found to be statistically significant in Model 5, in which 

controls for wealth and rural residence are not included, as well as in Model 6 – in which 

controls are included. The coefficient on School Grade in Model 5 suggests that for each  
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Table 4. 2-Stage Least Squares: Effect of Mother’s Education on Childhood 
Malaria 
Variable Model 5 Model 6 
School Grade 
 
 
Rural 
 
 
Wealth 
Quintile 
 
Constant 

-.061*** 
(.011) 

 
--- 
 
 

--- 
 
 

.510*** 
(.060) 

-.030* 
(.018) 

 
.007 

(.026) 
 

-.036** 
(.016) 

 
.426*** 
(.079) 

Instrumented 
Variable: 

 
Instruments: 

 
Wald test of 
exogeneity  

Number of obs       
Wald chi2(3)     

Prob > chi2 

School Grade 
 
People/School/Province 
Mother’s Age 

 
 
 

2870 
34.13 
0.000 

School Grade 
 
People/School/Province 
Mother’s Age 

 
 
 

2870 
218.23 
0.000 

* statistically significant at .1 level, ** statistically significant at .05 level, *** statistically significant at .01 level 

 
additional school grade achieved by a mother, her children are 6.1% less likely to 

contract malaria. When controls for Rural and Wealth Quintile are included in Model 6, 

the coefficient on School Grade shrinks to -.031, suggesting that for each grade of 

schooling achieved by a mother, her children’s likelihood of contracting malaria are 

reduced by 3.1%. The statistically-significant coefficient on Wealth Quintile suggests that 

for each increase in wealth quintile, a mother’s children are 3.6% less likely to contract 

malaria. As in Models 3 and 4, the Wald Chi-Squared coefficients for both Models 5 

and 6 suggest that People per School per Province and Mother’s Age are suitable 

instruments. 



29 
 

Chapter 8. Policy Implications, Caveats, and Limitations 

The policy implications of the following study are fairly straightforward: maternal 

education is an essential factor in determining both the use of preventative care and risk 

of childhood malaria. As millions are currently being spent around the world to prevent 

and cure malaria, the results of this study hopefully will renew an interest in including an 

educational facet to any anti-malaria intervention. This study would suggest that any 

intervention which does not include an educational facet is ignoring a crucial factor in the 

prevention of malaria. 

 The primary limitation of the study, in my opinion, is the inability to disentangle 

the causal mechanisms linking maternal education to preventative care and childhood 

malaria. At present, the data only allows me to make the assertion that a strong 

relationship exists between maternal education and these two dependent variables. The 

ability to distinguish between the different causal mechanisms linking maternal education 

and childhood malaria offers strikingly different policy implications. 

 If the primary driver of the relationship between maternal education and 

childhood malaria is a lack of understanding of the etiology of the disease on the part of 

less educated mothers, the logical answer is to increase malaria-specific education in 

highly endemic areas. 

 If the primary driver of the relationship is lack of bargaining power among less-

educated mothers, increased education and women’s rights measures are in order. In this 

case, it would seem that efforts which recognize the greater status accorded to more 

educated women in the developing world would be the most logical answer. More girls’ 
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schools, more job opportunities for women outside of the house, and stricter domestic 

violence laws may all be potential remedies. 

 In the case of reliance on traditional healers and home remedies, the most logical 

recourse is improved education and spreading awareness of the difficulties posed by 

traditional methods. A more interesting approach may be to train traditional healers in 

modern medical techniques (to the degree that this is possible), thereby leveraging their 

trust in the community to make positive medical gains. 

 Where malaise is driving the relationship between maternal education and 

malaria, a number of educational interventions can be focused. For one, mothers and 

fathers must be taught that malaria is most deadly for their children and for expectant 

mothers. In some cases, it would appear that a driver of this malaise is a projection of the 

parents’ own feelings about the severity of the disease on their children. As already 

discussed, this is particularly dangerous, as children are much more susceptible to severe, 

deadly malaria than are their parents. Furthermore, parents should be educated on the 

economic toll taken by malaria. Were health interventions simply to frame the disease in 

terms of “malaria costs your household ____ dollars per year,” parents may be more 

likely to take the disease and its prevention more seriously. 

 Finally, the causal mechanism in which better educated mothers are better able to 

maneuver complicated, modern medical bureaucracies is one which is all too familiar to 

residents of developed countries as well as developing ones. In this case, truly economic 

measures to improve accessibility are called for. In some cases, this may mean building 

small clinics or malaria stations in remote villages. In other cases, it may mean 
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addressing issues of corruption in the health systems of the countries in the developing 

world. While the former case can be relatively easily addressed, the latter is truly a 

conundrum. Health system finance and improvement is one of the developing world’s 

greatest challenges, but is a topic for another paper.  
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Chapter 9. Conclusions and Suggestions for Further Research 

This study adds to the already voluminous literature detailing the ancillary benefits of 

educating the women of the developing world. This study adds to that finding, in this 

case finding that a mother’s educational achievement has a strong impact on her 

children’s risk of contracting malaria. Reasons for this linkage may include a better 

understanding of the etiology of malaria on the part of more educated women, better 

understanding of preventative techniques on the part of more educated women, less 

likelihood to seek out traditional healers and home remedies for malaria on the part of 

more educated women, or any number of other causal mechanisms by which a mother’s 

education improves her ability to prevent her children from contracting malaria. 

This brings us, finally, to the most glaring shortcoming of this study: its inability 

to determine the causal mechanisms responsible for this link. As this study has found 

strong evidence for a link between maternal education and childhood malaria, the next 

step must clearly be to delineate the exact cause of that link. Do more educated mothers 

understand malaria and its transmission better? Are more educated mothers less likely to 

seek out the (often) useless remedies of the village medicine man? Are more educated 

mothers better able to command the respect of their husbands, and therefore better 

allocate household resources towards their children’s disease prevention? These should 

be the next questions asked of researchers. To do so, more work such as the Zambia 

National Malaria Indicator Survey and the Demographic and Health Survey should be 

performed. In particular, these surveys should dig deeper to learn more about the 

background characteristics of the mothers and households in question, as well as 
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mothers’ knowledge of and behavior with regards to malaria. Having done so, a better 

understanding of the link between maternal education and childhood malaria, and 

potentially many other questions, might be answered. 
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Chapter 10. Appendix 

 
Table A1. Childhood Malaria Prevalence: Descriptive Statistics 
Mean 0.159 
Min, Max 0,1 
Standard Deviation 0.366 
 
 
 
 
 
Table A2. Bed Net Used Last Night: Descriptive Statistics 
Mean 0.509 
Min, Max 0,1 
Standard Deviation 0.500 
 
 
 
 
 
Table A3. Mother’s Highest Grade of Schooling Achieved: Descriptive Statistics 
Mean 5.731 
Min, Max 0,12 
Standard Deviation 3.348 
 
 
 
 
 
Table A4. Rural: Descriptive Statistics 
Mean 0.740 
Min, Max 0,1 
Standard Deviation 0.439 
 
 
 
 
 
Table A5. Wealth Quintile: Descriptive Statistics 
Mean 2.805 
Min, Max 0,5 
Standard Deviation 1.431 
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Table A6. Bed Net Use by Mother’s Background Characteristics 
Variable n Percent Using Bed Net 
Mother’s Highest Level of Schooling Achieved 
No Primary 345 0.500 
Primary 1673 0.491 
Secondary 789 0.536 
Tertiary 63 0.698 
Mother’s Highest Grade of Schooling Achieved 
0 368 0.495 
1 40 0.550 
2 171 0.515 
3 152 0.415 
4 251 0.398 
5 241 0.486 
6 241 0.560 
7 601 0.523 
8 152 0.520 
9 381 0.509 
10 59 0.525 
11 43 0.558 
12 170 0.653 
Urban/Rural 
Urban 746 0.468 
Rural 2124 0.523 
Wealth Quintile 
Lowest 778 0.445 
Lower 483 0.520 
Middle 584 0.495 
Higher 570 0.563 
Highest 455 0.556 
Province 
Central 291 0.581 
Copperbelt 496 0.500 
Eastern 450 0.658 
Luapula 330 0.330 
Lusaka 254 0.410 
North Western 149 0.597 
Northern 461 0.460 
Southern 314 0.564 
Western 125 0.456 
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Table A7. Childhood Malaria Prevalence by Mother’s Background Characteristics 
Variable n Percent Malaria Positive 
Mother’s Highest Level of Schooling Achieved 
No Primary 345 0.238 
Primary 1673 0.195 
Secondary 789 0.064 
Tertiary 63 0.0 
Mother’s Highest Grade of Schooling Achieved 
0 368 0.242 
1 40 0.150 
2 171 0.269 
3 152 0.303 
4 251 0.275 
5 241 0.145 
6 241 0.212 
7 601 0.111 
8 152 0.118 
9 381 0.060 
10 59 0.068 
11 43 0.047 
12 170 0.012 
Urban/Rural 
Urban 746 0.050 
Rural 2124 0.198 
Wealth Quintile 
Lowest 778 0.289 
Lower 483 0.203 
Middle 584 0.135 
Higher 570 0.086 
Highest 455 0.015 
Slept Under ITN Last Night 
Yes 1460 0.116 
No 1410 0.205 
Province 
Central 291 0.083 
Copperbelt 496 0.121 
Eastern 450 0.193 
Luapula 330 0.524 
Lusaka 254 0.000 
North Western 149 0.087 
Northern 461 0.178 
Southern 314 0.048 
Western 125 0.032 
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