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1 Introduction

For virtually all countries, the onset of sustained per-capita income growth coincides with

a rapid decline in fertility rates. This stylized fact has motivated the emergence of a large

theoretical and empirical literature linking economic development and fertility. There is

however little sign that the available empirical evidence can generate a consensus among

social scientists on the appropriate model of the fertility transition. Indeed, this literature

has bifurcated into two major branches.

A significant number of researchers, most notably the participants of the European Fer-

tility Project1 (hereafter, EFP) support theories of the fertility transition that rely on the

introduction and diffusion of new birth-control technologies as well as changes in the moral

and cultural attitudes towards birth-contol. A competing literature instead focuses on chang-

ing economic incentives for fertility to explain the fertility transition. This division dates

back at least to Gősta Carlsson (1966) who termed the former approach the “innovation”

approach and the latter the “adjustment” approach.

Within the adjustment category, we distinguish between theories that rely heavily on

economic incentives that affect the parents directly and those that emphasize the economic

welfare and opportunities of children. Examples of variables that affect parents directly (and

contemporaneously with their fertility decisions) are, for instance, the female wage (Becker,

1960; Mincer, 1963, and many others) and child mortality (Doepke, 2003; Kalemli-Ozcan,

2002). Models that emphasizes the economic welfare and opportunities of children usually

rely on intergenerational altruism (plus some incompleteness of markets for intertemporal

consumption smoothing). One approach emphasizes altruism of parents towards children:

because parents cannot easily borrow against their children’s future labor earnings, edu-

cational investment may be reduced by borrowing constraints. This restriction affects fer-

tility through the interaction of average investment per child with number of children in

the parental budget constraints. Alternatively, some emphasize the importance of child-to-

parent altruism (Ehrlich and Lui, 1991; Boldrin and Jones, 2002). In developing countries,

parents rely on children for old age support since no good substitutes for saving exist. Sub-

1A comprehensive account of the European Fertility Project can be found in Coale and Watkins (1986).
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stitutes for saving become available as economies develop, leading to a decline in fertility.

Within these approaches, investments into children (most notably education) and fertility

are joint decisions.

The existing empirical literature relies heavily on analyzing the fertility transition using

cross-national panel-data on fertility, education and other economic and cultural variables.

The empirical problem is that it is difficult to distinguish between alternative theories using

such data. The observed correlations between variables measuring economic development

and fertility are consistent with a variety of different models. Indeed, most of the theoretical

models have been constructed with an eye towards matching the time series. Thus, while

the empirical literature has uncovered a variety of interesting patterns in the time-series, it

has provided little basis for discriminating among the different theories.

We present new evidence that allows us to discern between these hypotheses. Our work

differs from the vast majority of the empirical literature on the fertility transition in that

it exploits quasi-experimental variation.2 The present study links fertility to the economic

prospects of children rather than to the labor-market opportunities of the parents. These

results therefore support the literature emphasizing economic incentives, and more specif-

ically models connecting children’s economic welfare to parental fertility decisions through

intergenerational altruism. The policy intervention we examine (and describe in detail be-

low) effectively increased the return to human capital, or, in the language of the theoretical

literature, reduced the price of child “quality”. We know of no other study in the fertility-

transition literature that examines similar variation.

The analysis is based on an important episode in the economic history of the Southern

United States. At the beginning of the 20th century, the American South was in the middle

of its demographic and economic transition from a high fertility, low education economy

to a society characterized by high levels of education and low fertility rates. (Figures 1

2One noteworthy exception is by Paul Schultz (1985), who uses certain agricultural-price shocks as ex-
ogenous variation in the value of female (i.e., potential mothers’) labor in 19th-century Sweden. He shows
that higher relative wages for women lead to lower fertility, which he interprets as a response to economic
incentives. On the other hand, in recent work using a similar design, Nancy Qian (2004) shows an effect of
relative female wages on the sex mix in post-Mao China, which she argues is best understood as working
through increased maternal bargaining power in the household. Another exception is by Rosenzweig and
Wolpin (1980), who consider the quasi-experiment of a twin birth as exogenous variation in fertility.
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and 2 show total fertility and school enrollment rates in the American South between 1850

and 2000.) We consider the impact on fertility of an improvement in health that raised

the return to schooling during this period. Specifically, we examine the consequences of

a particular policy intervention—the eradication of hookworm disease—in the American

South during 1910–1914. Before the campaign, this intestinal parasite was common among

children (but rare among adults) throughout the region. Hookworm infection caused anemia

and listlessness, but was rarely lethal. These two facts allow us to discard effects on fertility

through adult productivity or child mortality.

The sudden and external origins of the eradication campaign combine with the cross-area

differences in pre-treatment infection rates to form our identification strategy. In spite of

infecting approximately forty percent of children in the South, hookworm was not recognized

as a public health problem until the turn of the century. At the beginning of the 20th century,

scientific progress led to its discovery within the region. Within a short period of time, a

large-scale eradication program was mounted through the efforts of the Rockefeller Sanitary

Commission. This intervention is best understood as originating in developments outside

the region (through the innovations to knowledge and funding). The substantial variation

across the region in hookworm infection rates allows us to define treatment and comparison

areas for the analysis. Areas with high infection rates had more to gain from the newly

available treatments, whereas areas with little hookworm disease did not.

Hookworm infection increased the return to schooling or, alternatively stated, decreased

the net price of raising a “quality” child. Using a research design similar to that of the present

study, Hoyt Bleakley (2004) shows that hookworm eradication increased school attendance

and ultimately the labor-market return to schooling. We take this result as indicative of

the fundamental prices faced by the household, and then consider the response of fertility

decisions.

Forward-looking models of the demographic and economic transition predict that such

an increase in the returns to education will reduce contemporaneous fertility rates. We find

robust evidence in favor of this prediction: the reduction in hookworm infection was accom-

panied by a fertility decline that was both economically and statistically significant. After

hookworm eradication, fertility decreased markedly in areas that had previously suffered from
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high rates of hookworm infection. This is true in absolute terms as well as relative to compar-

ison counties that had lower levels of hookworm infection. We find this effect using either a

two-period double difference or a multi-period setup that allows for differential trends across

areas. Furthermore, the conclusion is robust to controlling for a variety of other alternative

hypotheses, including crop-specific shocks, racial differences, and pre-existing differences in

fertility and human capital.

Finally, our results suggest that the link between education and fertility can potentially

explain the entire reduction in fertility rates observed during the region’s demographic tran-

sition. In particular, we find that the relative responsiveness of fertility and education to the

eradication of hookworm campaign is almost as large as the decline in fertility relative to the

increase in education observed in the aggregate data during this time-period. This suggests

that forward-looking behavior (though not specifically hookworm) is capable of explaining

most if not all of the decline in fertility during the transition of the American South from a

low income, high fertility society to a region of high incomes and low fertility.

The plan for the rest of the study is as follows. Section 2 reviews the existing literature

on the fertility transition. Section 3 describes the historical episode that provides us with

the natural experiment we consider in this study and discusses the identification strategy.

This Section describes both the disease, the historical processes that led to the eradication

of hookworm disease and the data used in this study. We also derive the identifying equation

in Section 3. Section 4 presents the empirical results and addresses a number of alternative

explanations for our findings. Section 5 shows, using the results presented in Section 4, that

the quantity-quality trade-off is potentially very important in explaining this region’s the

fertility decline during the economic take-off. Section 6 concludes.

2 The Literature on the Demographic Transition

The literature on the fertility transition is large, disparate, ever evolving and thus not easily

summarized. We do however need a systematic classification of the literature in order for

our empirical analysis to inform the debate on appropriate model for explaining the fertility

transition. The classification we suggest is based on the basic distinction between Innovation
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and Adjustment introduced by Gősta Carlsson (1966) as main explanatory approaches for

the fertility transition. We summarize our classification using the tree presented in Figure

3. The remainder of this section to discusses the literature based on this classification.

Gősta Carlsson argued that we can distinguish between an Innovation approach and an

Adjustment approach to explaining the fertility transition.3 The Innovation approach (Fig.

3, node 1) explains the fertilty decline as the result of the (i) introduction and diffusion

of birth-control practices and (ii) changing moral attitudes governing birth control. The

Adjustment hypothesis (Fig. 3, node 2) relies instead on individuals adjusting their fertility

behavior to varying economic incentives.

According to the Innovation approach either the absence of effective birth-control tech-

nologies and/or moral and cultural factors prevent the effective regulation of fertility in the

pre-transition stage, leading to high marital fertility rates. The transition is then identified

with the introduction and diffusion of contraceptive practices and abortion as countries de-

velop. A broad interpretation of the innovation hypothesis emphasizes changing moral and

cultural norms towards fertility control.

The Innovation hypothesis has received substantial support from the authors of the

European Fertility Project (Coale and Watkins, eds. 1986) who studied the decline in fertility

within each of several hundred European provinces. Much of the work done within the

auspices of the European Fertility Project (hereafter EFP) consisted of dating the onset of

the fertility decline using marital fertility4 rates. The fertility decline occurred within a very

short period of time across most of the European continent, independent of the social and

economic conditions of the different societies. No threshold levels of important socioeconomic

variables such as childhood-mortality, urbanization or education could be discerned that

3Easterlin (1976) suggests that reconciling the Innovation and Adjustment approaches is necessary for
explaining fluctuations in fertility across sub-populations and time. A number of contributions (recently by
Brown and Guinanne (2002)) provide evidence for the Easterlin synthesis. We are sympathetic to a need to
draw on both the Innovation and Adjustment approach to modeling fertility. However, we believe that it is
useful to maintain clear distinctions between competing explanatory approaches in order to derive distinct
predictions which can then be tested. Testing is the purpose of the empirical analysis described below and
we therefore do not consider the Easterlin synthesis further.

4One of the major findings of the EFP was that the fertility transition was characterized by a sustained
decline in marital fertility rates. Most of the decline in fertility rates is achieved by reductions in marital
fertility rates, not by lowering rates of marriage or declines in pre-marital fertility rates. Pre-transition
fluctuations in fertility rates are often achieved by variation in the age of marriage.
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triggered a decline in fertility. Furthermore: “contiguous provinces that shared a cultural

as well as geographical location had similar levels of nuptiality and fertility and similar

patterns of decline”5. And cultural variables seem to be important for explaining the decline

in fertility. In the words of Barbara Anderson: “...nonsocioeconomic variables, such as

religion, language, ethnicity and region, explain much of the variability in marital fertility

decline, even after conventional socioeconomic variables have been taken into account.”6

These findings support the view that changing cultural attitudes towards fertility control

caused the fertility transition in Europe.

This explanatory approach contrast with the Adjustment approach that emphasizes de-

centralized adjustments to changing economic incentives for child-bearing as causing the

fertility transition. It is not surprising that an explanatory approach emphasizing economic

incentives has received substantial attention among economists. Thomas Malthus (1798)

was one of the first proponents of linking fertility to economic variables, even though his

model did not predict a sustained fertility decline.

A large body of work (Fig. 3, node 2.1) emphasizes variables that affect the contempo-

ranous costs of bearing children. Becker (1960) provides the starting point for an analysis of

fertility on the basis of a straightforward consumer choice problem. This allows expressing

the desired number of children in a family as a function of the prices of children and other

consumption goods as well as the income of parents. Variables affecting income and the price

of children therefore play an important role in his analysis. Becker and later Jacob Mincer

(1963) argue that female wages affect the opportunity costs of bearing children. Fertility

rates decline as female wages and thus the economic costs of rairing children increase. Paul

Schultz (1985) finds substantial support for this explanation of the fertility transition in

Swedish data from the second half of the 19th century. Another variable that has received

substantial attention and directly affects the costs of bearing children is child mortality.7

Furthermore urbanization will lead to increases in the price of children, since the costs of

food and clothing are usually higher in urban setting while the contribution of children to

5In Coale and Watkins (1986), page 448.
6In Coale and Watkins (1986), page 293.
7Doepke (2003) provides a recent review and critique of the literature linking child mortality and fertility.
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household income are smaller than in rural settings. To summarize, the contemporaneous

view emphasizes variables that impinge directly on the choice of parents through income and

prices of children. Such variables are for instance female wages, infant mortality rates and

urbanization since these affect the costs of bearing children directly.8

The Adjustment literature also includes a large literature emphasizing altruistic links

between the generations coupled with incomplete markets (Fig. 3, node 2.2). If generations

are linked by altruistic concerns, then the economic conditions that children face during

their adulthood will become important for the fertility decision of parents. We can further

distinguish two types of models by the direction of altruism between the generations. The

first (Figure 3, node 2.2.2) emphasizes altruism from parents towards children. Pivotal

contributions to this literature are Becker, Murphy and Tamura (1990) and Galor and Weil

(2000). These authors emphasize that parents have the ability to invest into the education of

their children. Markets are incomplete and parents can therefore not recover the returns of

investments into their children. This means that increasing investments into their offspring

raises the price of children. This interaction between the quantity and quality of children in

the budget constraint delivers the fertility transition as a response to increasing returns to

investments into children.

Altruism from children to parents (Fig. 3, node 2.2.1) can also deliver a fertility transi-

tion. Ehrlich and Lui (1991) and more recently Boldrin and Jones (2002) hypothesize that

children represent a form of old-age savings in many societies. Altruism from children to

parents, but also societal norms provide a reason why children will provide for parental con-

sumption when these are too old to provide for themselves. Underdeveloped societies are

generally characterized by an absence of financial savings instruments. As countries develop

they develop forms of communal savings such as social security and usually also develop

financial savings mechanisms. Both social security and financial markets serve as substitutes

8Becker and Barro (1988) emphasize the role of wages and wealth on fertility if markets are complete and
parents are altruistic towards their children. Parents then take into consideration the economic conditions
faced by their off-spring later in life. This allows for variables affecting children to enter into the choice prob-
lem of parents. The predictions that arise from this extensions differ however substantially from those when
markets are incomplete. In particular, models of the fertility decline that rely on altruistic considerations
have generally also imposed that some markets are incomplete. We therefore do not consider Becker and
Barro as a candidate for modeling the fertility transition.
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for saving through children and therefore reduce fertility.

3 Identifying the Fertility/Schooling Relationship: The

Hookworm-Eradication Campaign

The empirical difficulty in distinguishing between the hypotheses of Section 2 is that they

all have been constructed to fit a basic set of facts observed in the development process.

This makes it difficult to discern between these approaches using time-series data. Different

sets of indicators of economic development display high degrees of correlation. Societies

tend to simultaneously develop financial markets, display growth in female wages, reduce

child mortality, raise average education and raise adult longevity. At the same time fertility

rates decline. All these variables have to be viewed as endogenous and it is not clear how

to use time-series data from different countries to convincingly discern between competing

explanatory approaches for the fertility transition.

It is therefore necessary to identify variation in economic variables that can plausibly be

viewed as exogeneous in order to examine whether the response in fertility rates and other

relevant variables is consistent with the theoretical models. Paul Schultz (1985) provides

an example of such an approach. He examined the response in fertility rates to variation in

female and male wages caused by variation in world prices for agricultural products intensive

in female labor. Schultz found about 1/4 of the decline in fertility observed in Sweden

between 1850-1910 can be attributed to increases in female wages. His results therefore

support an Adjustment interpretation of the fertility decline. And, his results suggest that

economic variables that impinge on the contemporaneous costs of child bearing are important

for understanding the fertitlity transition. A different approach is taken by Rosenzweig and

Wolpin (1980). These authors rely on quasi-exogeneous variation at the individual level.

They examine the impact of twin births on the average level of education and find support for

the quality-quantity tradeoff in data from India. Unfortunately there are few other empirical

papers that rely on quasi-exogenous variation to evaluate the competing explanations for the

fertility transition.
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In the present study, we employ data from a policy intervention during the development

of the American South: the eradication of Hookworm disease. We argue that our results

provide evidence that forward-looking, altruism based behavior contributes to the reduction

in fertility observed during this time-period. This argument is based on three main assump-

tions regarding Hookworm disease and the policy intervention initiated by the Rockefeller

Sanitary Commission:

1. The policy intervention was plausibly exogenous to the development of the South.

Below, we discuss how the eradication campaign originated from outside the region

and in response to scientific innovations.

2. Hookworm disease affected mainly children and not the adult population. This as-

sumption is supported by the infection surveys of the period (see Smillie and Augustine

(1925), e.g.).9

3. Mortality from hookworm infection was extremely rare in the American South, and so

we are able to consider the effects on fertility through morbidity and its effect on the

return to schooling.

A number of additional auxiliary assumptions are made and we attempt to provide sup-

porting evidence for each of these assumptions below. Finally, we take care to consider

plausible competing explanations for the observed patterns and provide evidence that allows

us to reject each with a fair degree of confidence. Overall, we believe that the data provides

substantial evidence in favor of altruism-based theories of the fertility transition.

3.1 The Eradication of Hookworm Disease

In the remainder of this Section, we discuss the eradication of hookworm disease in greater

detail. We start by presenting the disease and the historical circumstances that led to its

eradication as well as the data used in this study. We then argue that this eradication

9Note that this is not universally true. Surveys of other countries often find higher infection rates among
adults, which may be due to differences in immunological or behavioral factors. This “peak shift” is analyzed
further by Woolhouse (1998).
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represented an exogenous event in the development of the American South and is therefore

particularly well suited for our purposes. The section closes with a more detailed description

of the identification strategy.

3.1.1 Hookworm Disease

Hookworm is an intestinal parasite that infects humans. The worm lodges itself in the

victim’s intestine and absorbs nutrients from the bloodstream. As a result, the symptoms of

hookworm infection (or uncinaria) are lethargy and anemia. The life cycle of the hookworm is

dependent on unsanitary conditions. The nematodes lay their eggs in the intestine, but these

larvae are passed out of the digestive system in feces. Hookworm is therefore transmitted

through skin contact with infected excrement. The larvae burrow their way in through

the skin, generating what was referred to in the South as “ground itch” in the era before

people understood that hookworm was a potential problem. The lifespan of a hookworm is

much shorter than that a human, and so continuous reinfection is required to generate any

sustained “worm load”.

There are two angles for managing hookworm: treatment and prevention. The treatment

consists of simply taking a de-worming medicine, which has a strong purgative effect. In the

early 20th century the treatment available was a combination of thymol and epsom salts.

Since then, safer and more effective medicines have become available. On the other hand,

preventing reinfection will also have the effect of reducing the condition since the “worm

burden” goes down over time without reinfection. Preventative measures include taking

measures to limit skin contact with possibly polluted soil (the use of shoes being a leading

example) and dealing with excrement in ways that minimize soil pollution in the first place

(for example, the use of sanitary latrines). Of these, the private benefit to the former action

is clear, whereas the latter activity clearly has an external component.

Symptoms of hookworm disease are clearly recognizable in historical documents going

back as far as 1550 B.C. in Egypt. Moreover, the historical record is replete with subsequent

evidence (RSC, 1911). The hookworm was itself identified in 1838 in Europe, although the

transmission mechanism was not fully understood until 1898. Although no direct evidence
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exists for earlier periods, Brinkley (1997) makes the case that hookworm was prevalent as

least as early as the American Civil War. In 1910, hookworm was endemic all across the

coastal plain of the American South. Important for our purposes is that a European-educated

American physician (Charles W. Stiles) recognized hookworm symptoms in the American

South in the last decade of the XIXth century.

3.1.2 The Rockefeller Sanitary Commission

The Rockefeller Sanitation Commission for the Eradication of Hookworm Disease (RSC)

was formed in 1910 with the donation of one million dollars by John D. Rockefeller. This

was emblematic of the emerging movement of large-scale philanthropy of the day. In this

period, the so called “robber barons” were aging and turning from wealth accumulation to

philanthropy. Through intermediaries, Dr. Stiles had convinced Rockefeller that taking on

hookworm was a good foray in large-scale charity.

One of the Commission’s first undertakings was to conduct surveys of hookworm infection

rates among children across the region. One reason for this was logistical: the RSC could

more efficiently allocate resources if it knew where the problem was. Another reason was

political. Many leaders simply did not believe Stiles’ hypothesis that a tiny parasite could

be a root cause for some many of the problems of the large underclass (both white and

black) in the region. As a result, the RSC surveyed over 600 counties in the South and found

hookworm infection to be over 40% among children. After this finding, local opposition

largely gave way to coöperation (Farmer, 1970).

Another finding from the infection surveys was the relation of hookworm prevalence to

geography. Hookworm disease was more likely to be endemic in areas with sandy versus

clay soils, or in areas that had higher temperature or average rainfall. These variables all

affected the probability that hookworm larvae would survive in the soil long enough to infect

a human host.

Soon after, the treatment campaign began. This consisted of two components. First, the

RSC sent teams of health-care workers to counties to administer and dispense de-worming

treatments free of charge. Through this system, some 400,000 individuals were treated with
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de-worming medication. The second aspect of the campaign was publicity. The RSC sought

to educate doctors, teachers, and the general public in how to recognize the symptoms of

hookworm disease so that fewer cases would go untreated. Another part of this publicity

campaign was education about the importance of hygiene, especially with regard to the use

of sanitary privies. In this period, oftentimes even public buildings such as schools and

churches did not have such hygienic facilities.

Followup surveys conducted immediately afterwards as well as in the subsequent decade

showed a substantial decline in hookworm infection. Although the stated goal of full erad-

ication was not achieved, the hookworm-infection rate of the region did drop by more than

half, and fewer extreme cases of the disease went unnoticed and untreated.

3.1.3 Identification Strategy

The strategy for identifying the effect of the the hookworm-eradication campaign is based

on three factors:

1. the incidence rate of hookworm disease varied widely in the American South;

2. the initiation of the campaign by the RSC was largely a function of factors external to

the Southern states10;

3. the timing of the treatment efforts was reasonably abrupt and well defined.

The marked heterogeneity in hookworm infection across the region was one of the first

facts demonstrated by the RSC surveys. Much of this variance was due to geographical

differences, as discussed by Augustine and Smillie (1926). Hookworm larvae were better

equipped to survive in areas with sandy soil and a warm climate. Broadly, this meant

that the residents of the coastal plain of the South were much more vulnerable to infection

than were the denizens of the piedmont or mountain regions. Populations in areas with

high (pre-existing) infection rates were in a position to benefit from the newly available

treatments, whereas areas with low prevalence were not. This heterogeneity allows for a

treatment-control strategy.

10The historical presentation in this section draws heavily on the work of Ettling (1981).

13



As to point (2), the central impetus for the eradication campaign was due to critical

innovations to knowledge. This contrasts with explanations that might have potentially

troublesome endogeneity problems, such as, say, changes in government spending or posi-

tive income shocks in the highly infected areas. Instead, the innovations were to medical

knowledge: understanding how the disease worked and more importantly recognizing its

presence.

Such innovations were not related to or somehow in anticipation of the future growth

prospects of the affected areas, and therefore should not be thought of as endogenous in

this context. For example, as mentioned above hookworm’s transmission mechanism was

discovered by a European physician who accidentally infected himself while diagnosing a

patient in Egypt. At that time, hookworm infection in the American South was not even

understood to be a problem. That would wait until a one Charles W. Stiles came onto the

scene.

Moreover, the process by which Stiles — later popularly heralded as “the discoverer of

hookworm disease” — came to his conclusions was quite indirect. A zoologist by training,

he was hired by the U.S. Department of Agriculture as part of its long-established tradition

of supporting agriculture through the dissemination of knowledge and technology. (Public

health among humans was clearly outside his purview.) His initial impetus to look for

helminth infection among humans was a mistaken belief, based on faulty research that he

had studied in Europe. Believing that the intestinal nematodes that afflicted farm animals

could infect human hosts as well (they cannot), he sought and found the tell-tail signs of

hookworm infection prevalent in the American South in the late 1890’s.

Even if others had stepped forward to publicize the extent of the hookworm problem,

they would have nevertheless faced formidable obstacles in taking effective action against

the disease. The public-health infrastructure of this period was extremely limited, not just

in the Southern states, but throughout the country. This was well before the era of “Big

Government.”

It was more by chance than by design that Stiles found himself in contact with an

associate of John D. Rockefeller, who himself became convinced of the importance of the

hookworm problem. Rockefeller was among those whose fortunes were behind this emerging
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philanthropy movement. Moreover, as mentioned above, the very availability of funds for

such large-scale philanthropy was a recent development, following a string of decades that

saw the accumulation of enormous fortunes by the so-called robber barons. Around the turn

of the century, several of these millionaires turned their attention from wealth accumulation

to wealth decumulation through charitable giving.

The “sudden” introduction of this treatment (broadly defined) combines with the cross-

area differences in pre-treatment infection rates to form the identification strategy employed

in the present study. The variable of interest, Zjt, is

( Pre-treatment Infection Rate )j × ( Indicator for Post Treatment )t.

More formally, let Zjt = Hpre
j ×Postt where j indexes the geographic area and t indicates

the year. The variable Hpre
j denotes the level of hookworm infection among school-aged

children in area j at the time of the RSC’s initial survey. Since these surveys took place

prior to the treatment campaign, we label this number “pre.” On the other hand, the variable

Postt is a dummy variable indicating whether year t is later than the active years of the

RSC campaign (1910–1915).

By comparing the evolution of outcomes (eg. schooling, fertility) across counties with

distinct hookworm-infection rates, we can assess the contribution of the eradication campaign

to the observed changes. This comparison can be made easily in the standard difference-

in-difference framework. Estimating equation (1) measures the regression-adjusted double

difference for some outcome Yijt for person i in area j at time t.

Yijt = βZjt + αPostt + γHpre
j + XijtΓ + εijt (1)

where Yijt is the outcome of interest and Xijt is some vector of individual-level controls.

Since areas with higher infection rates had “more to gain” from the intervention, we expect

there to be greater drops in hookworm infection in these areas. The medical evidence is that

infection depresses the energy level of the infected, and so drops in hookworm prevalence

should increase investment in schooling. That is, we expect β to be positive.
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The treatment and control groups in this study are defined by individuals living in areas

with high and low pre-period infection rates. This identification strategy relies on the main-

tained assumption that areas with higher infection rates in the pre-period also experienced

larger declines following the eradication campaign. The data contains substantial support

for this assumption. Resurveys summarized by Jacocks (1924) indicated a decrease in hook-

worm infection of thirty percentage points across the infected areas of the South. Such a

dramatic drop in the region’s average infection rate can only plausibly have taken place if

infection rates fell more in highly infected areas than in areas with moderate infection rates.

Furthermore we have direct county level evidence on this question for Alabama from Havens

and Castle (1930). Figure 4 relates the pre-period infection rates to the subsequent drop

of infection rates in affected areas. The assumption that areas where hookworm was highly

endemic saw a greater drop in infection than areas with low infection rates is born out across

those states and counties for which we have post-intervention data.

4 Empirical Results

4.1 Data and Descriptive Statistics

This study links county-level data on hookworm infection with individual-level data on

schooling and fertility. The aggregated data show a region with high levels of infection

in 1910, followed by substantial declines in fertility and increases in schooling in the period

considered. Panel A of Table I contains summary statistics of various aggregate outcomes.

Since county boundaries change during our sample, we use aggregated county groupings, the

so-called “State Economic Areas” (SEAs) as the geographic unit, and so the j above indexes

SEAs.

The hookworm-infection rates were computed by the Rockefeller Sanitary Commission

for 550+ counties across the South. The RSC collected these data as a prelude to mounting

a widespread treatment campaign. The data collection took place between 1910 and 1914

(at a single point in time for each county), and the summary statistics were constructed

from samples of school-aged children in each county. The RSC surveys measured an average

16



infection rate across SEA’s of 32%.

The RSC also reported county-specific details of their subsequent treatment campaign.

For example, in this study we include data on the number of treatments issued by the RSC,

as well as the number of individuals treated by the Commission’s staff. These numbers

(scaled by 1910 SEA population) are also reported in Panel A. The second and third columns

display the means by subsamples that are separated based on the severity of their hookworm

problem. Not surprisingly, the RSC directed more resources towards the areas with greater

hookworm infection.

The micro-level data employed in the present study come from the Integrated Public Use

Micro Sample (IPUMS), the output of a project to harmonize the coding of historical U.S.

Census microdata (Ruggles and Sobek (1997)). The first group of columns show the results

from the 1910 Census only, whereas the rightmost two columns contain summary statistics

from the Censuses of 1900, 1910, 1920, 1940, and 1950. The sample consists of native-born

whites and blacks in the age range [8,16] in the case of school age children and in the age

range [15,49] for female adults in the study of fertility. The age criteria for children serves

to select children of school age who are likely not yet old enough to have migrated on their

own. The generalized fertility rate reported in Table I, panel A is a measure of fertility only

available for the aggregate level data. It is calculated as the ratio of children less than 1 year

old to females aged 15-49.

Key individual-level variables are summarized in Panel B of Table I. The principal controls

are age, race, and gender. The key outcomes are schooling attendance and fertility. The

fertility measure for the individual level is the number of own children less than 5 years

old in the household. The results in the remainder of the study employ these variables.

The question on schooling refers to enrollment within a certain time span, typically several

months, prior to the enumeration date.

The summary statistics already displays the features of the data that will generate the

empirical results of the regression analysis discussed below. Under the assumptions that

(i) high infection rates reduce the return to investments into children and (ii) the American

South in 1910 was undergoing the transition from the Malthusian to balanced-growth periods,

we expect the following patterns in schooling and fertility in our sample:
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1. Schooling Enrollment Rates are higher in counties with low infection rates during the

pre-period;

2. Fertility Levels are lower in counties with low infection rates during the pre-period;

3. Schooling Enrollment Rates and Fertility Rates decline during the sample period;

4. Following the eradication campaign, schooling enrollment rates increase faster in areas

with high pre-period infection rates;

5. Fertility Rates decline faster in county groups (SEAs) with high infection rates following

the eradication campaign.

All of these predictions are in fact confirmed by the summary statistics reported in table

I. Facts (1) and especially (4) allow us to establish the validity of the assumption that high

rates of hookworm infection in fact represented an impediment to investing into children.

With rational agents we can establish the effect of hookworm disease and its eradication on

the returns to schooling by considering its effect on schooling enrollment decisions. To the

extent that we can firmly empirically establish the link between the eradication of hookworm

disease and the increase in schooling enrollment rates, we also establish that the eradication

of hookworm disease raised the returns to education. In other words, the increase in schooling

enrollment is consistent with our interpretation that the eradication of hookworm disease

reduces the price of childrens’ quality. This allows us to test forward looking theories of the

demographic and economic transitions that link investments into child ’quality’ and fertility

decisions through intergenerational altruism.

4.2 Regression Estimates

4.2.1 Schooling

In this subsection, we estimate the effect of the hookworm eradication on schooling enroll-

ment using equation (1) and the 1910 and 1920 census. As described above, the variable of

interest, Zjt is the interaction of pre-period hookworm infection, Hpre
j , with a dummy, Postt,

indicating whether the year comes after the RSC. Controls are as specified in the table. The
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results reported here are identical to those presented by Bleakley (2004), who describes in

greater detail the effect of hookworm eradication on schooling and literacy. In the present

study, we concentrate on the fertility results and therefore only briefly consider the schooling

as an outcome. We refer the reader with a particular interest in the schooling and literacy

results to Bleakley (2004).

The empirical results for schooling are presented in Table II, Panel 1. Estimates of the

variable of interest, pre-period hookworm × post, are shown in the first row of coefficients.

The first three columns contain regressions with different sets of main effects and controls.

Column 4 allows for the controls themselves to interact with Postt. The interaction with

Postt of the age variable and the black indicator variable are both significantly different

from zero, but the inclusions of these interactions do not substantially affect the coefficient

on Zjt: areas with higher levels of hookworm saw greater increases in schooling following the

anti-hookworm intervention.

We find a substantial additional increase in schooling attendance during 1910-1920 among

children living in areas that had high levels of hookworm infection in 1910. This is true in

absolute terms and also relative to areas with lower levels of infection. Specifically, the

coefficient on Zjt in table II.1, column 1 implies that a county with a 1910 infection rate of

50% would, relative to a county with a 0% infection rate, experience an additional increase

in schooling enrollment of five percent points. In 1910 the standard deviation of school

enrollment across SEA’s was 0.11 and that of hookworm infection rates was 0.23. These

numbers imply that a one-standard-deviation increase in lagged hookworm is associated

with a post-RSC increase in schooling enrollment as large as 1/4 of a standard deviation in

school enrollment. Relative to the mean increase in school enrollment in the entire sample

between 1910 and 1920 (see table I) the predicted increase in enrollment due to a standard

deviation in hookworm infection rates is about 1/3.

The estimates presented above imply plausible quantitative effects of hookworm infection

on schooling enrollment. We can compare the reduced-form effect of Zjt (about 0.1) to the

estimated decline in infection as a function of the same variable (0.44).11 Dividing the first

11The latter number comes from the follow-up evidence shown in Figure 6.
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number by the second gives us the Indirect Least Squares estimate of infection on schooling:

0.23. This indicates that an child infected with hookworm is 23% less likely to be attending

school.

The significance of these findings in the present context is that they allow us to determine

the sign of the effect of hookworm eradication on the returns to education.12 The sizable

excess increase in education observed during the 1910-1920 period in areas with high pre-

period infection rates indicate a positive effect of hookworm eradication on the returns to

schooling. We will now turn to the analysis of the impact of hookworm eradication on

fertility choices.

4.2.2 Fertility

Table II, Panel 2 reports the results of a regression analysis of fertility similar to the one

reported for schooling in the previous subsection. The number of children aged 5 or lower

per woman declines substantially faster in SEAs with high rates of hookworm infection in

1910. The estimates imply that a county with an infection rate of 50% would see an extra

decline of about 0.03-0.04 in the number of children younger than 5 per fertile woman. This

compares with an estimated decline of between 0.04-0.05 for a county with no hookworm

disease burden in 1910. It is possible to roughly translate these numbers into total fertility

rates, a more familiar measure of fertility. Then the mean total fertility rate in the sample

in 1910 was approximately 4 and between 1910 and 1920 the decline in fertility rates in

an SEA with no hookworm infestation amounted to about 0.05. The decline in the total

fertility rate between 1910 and 1920 in an SEA with a 1910 infection rate of 50% amounted

to approximately 0.08-0.09. The direct effects of the hookworm eradication campaign on

fertility are therefore substantial.

The finding that the fertility decline in areas with high hookworm infection rates sig-

nificantly exceeded the average decline during the 1910-1920 period is robust to controlling

for different sets of controls and also for interacting these controls with Postt. Table III

documents the relation between fertility rates and 1910 infection rate for the entire period

12It makes no particular difference for our analysis whether we interpret the disease burden as affecting
the effort cost of learning or the labor-market return to human capital.
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1900-1950. Columns (1)-(4) show that the findings from table II, panel 2 also hold for this

time-period when including various sets of controls for age, race and time. Columns (5) and

(6) use the information contained in the RSC on the intensity of efforts to eradicate hook-

worm disease as independent variables. The conclusions are consistent with those reported

above. Those areas that were subjected to large eradication efforts experienced greater

declines in fertility.

Figure 5 displays the coefficients on the hookworm infection rate of a regression interact-

ing the hookworm infection rate with year effects13 (see also table III, column 2). We can see

that both before and after the eradication campaign fertility was higher in areas with large

infection rates in 1910. However this positive relation dropped significantly in size following

the eradication campaign. Significant in this context is that in the period preceding the

eradication campaign the relation between fertility and infection rates does not decline, but

instead increases (insignificantly) in size. The excess decline in fertility rates observed for

those SEAs with high infection rates is therefore not the continuation of a pre-existing trend

in the data.

4.3 Alternative Explanations

In this subsection, we evaluate a number of alternative explanations for the empirical pat-

tern described above. The first concern relates to infant and child mortality. The empirical

evidence does not support the assertion that the excess decline in fertility rates in highly

infected areas is related to greater declines in child mortality in these areas. Furthermore

theory suggests that any additional decline in child mortality associated with the eradication

campaign should have increased fertility, absent the effects of the quantity-quality trade-off.

The next concern relates to the possible presence of omitted variable bias. We include addi-

tional controls, but this does not affect the coefficient on the infection rate in a statistically

measurable manner, nor does it induce changes that are economically important. We also

consider the possibility that the eradication of hookworm disease might have affected the op-

portunities of young women directly and therefore led to the excess reduction in fertility. The

13The 1930 microdata is not available at the time of writing.
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decline in fertility rates is, however, observed mainly at ages that are not directly affected

by hookworm disease. Thus, we conclude that direct effect of the eradication of hookworm

disease can not have generated the observed effects. Finally, as a falsification exercise, we

estimate equation 1 for the labor-market outcomes of adults, and find no evidence of omitted

income or sectoral shocks.

4.3.1 Child mortality

The episode we consider relies on the eradication of a disease affecting the return to education.

However, even though this disease is only fatal in very rare cases one could argue that the

public health measures undertaken to combat the disease might potentially have reduced

child mortality. It is therefore natural to wonder whether the empirical findings reported

here might be spurious and simply reflect a reduction in child mortality associated with the

eradication of hookworm disease.

The theoretical predictions for the fertility response to a decline in child mortality and

fertility depends on whether fertility is measured as the number of surviving children or as the

number of births. The fertility measure used in this study, the number of own children aged

5 and younger in the household does not correspond to either concept, but instead represents

a mixture of both. It excludes those children that have died before the census was taken,

but includes some children that will still perish before reaching adulthood. Nevertheless,

since child mortality is highest during the first months and drops rapidly afterwards, most

children counted here will survive to adulthood. This leads us to interpret the number of

children less than 5 years old as a measure of surviving children.

Consider then the possibility that the eradication of hookworm disease indeed led to a

drop in child mortality in areas where hookworm disease was highly prevalent in 1910. Is

it theoretically plausible that this will lead to an excess decline in the number of surviving

children as documented in table II and III for reasons other than a trade-off between the

quantity and quality of children. To abstract from quantity-quality considerations assume

that parents simply treat the number of surviving children as an argument in their utility

function without introducing any quality dimension into parental considerations. With a
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fixed child mortality rate m, and a price per birth p, the cost of a surviving child is p/(1 −

m). Thus a decrease in child mortality m reduces the effective price of surviving children

and therefore should lead to an increase in the number of surviving children chosen by

parents. This simple application of the law of demand predicts that any beneficial effect

of the campaign to eradicate hookworm disease on child mortality rates will have led to an

increase in the number of surviving children in places with high infection rates. The bias

introduced by child mortality and implied by this model of fertility therefore works against

finding the results documented in Tables II and III.

Sah (1991) and Kalemli-Ozcan (2002) model the demand for children in the presence

of uncertainty. They argue that hoarding can cause the relation between child mortality

and fertility to be positive. An introduction of the dynamic nature of fertility decisions will

reduce the force of this argument since any initial losses can be partially offset by having

more children in later periods. In a recent study Doepke (2003) concludes that parents have

to be extremely risk averse and that they have to be unable to replace dying children to

generate a positive relation between net fertility and child mortality. If parents can respond

to the death of a child by increased subsequent fertility, then not even very high degrees of

risk aversion will lead to this result.

There are also empirical reasons that lead us to believe that the reduction in fertility

in the treatment group is not due to a reduction in child mortality. In 1900 and 1910 the

census asked questions about both about the number of born and surviving children. We

use these to construct an individual child mortality rate for each women. Table IV shows

that there is no statistically significant relation between child mortality and local hookworm

infection rates in the pre-period. The point estimates reported in Table IV imply that one

standard deviation in the hookworm infection rate corresponds to a change in the child

mortality rate of between 1/4 and 1/3 of a percentage point. This compares with a mean

child mortality rate in the sample of 11.42%. Thus the variation in the child mortality rate

with the hookworm infection rate is statistically insignificant and economically small, even

if not irrelevant in the period.14

14To consider the relation between child mortality and hookworm infection rates after the eradication cam-
paign, we also look at infant mortality from the late 1930s. Similarly, there is no statistically or economically
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4.3.2 Pre-eradication differences across areas

The differential drop in fertility following eradication cannot be explained by a variety

aggregate-level controls for pre-eradication differences across areas. The estimates reported

above already include detailed micro-level controls for time-varying demographic effects, but

we might be concerned with area-level shocks. Results from the baseline specification are

shown in Panel A of Table V. As above, the regressions include detailed demographic con-

trols and SEA-specific linear time trends in the 1900-50 sample. We also report specifications

in which we add county-group-level data from 1910 on demographics, literacy, agriculture,

mortality, and fertility. Paralleling the treatment of the pre-eradication infection rate, these

additional variables enter the specification as an interaction with Post. None of the result-

ing estimates of the effect of hookworm are statistically or economically different from the

baseline numbers.

4.3.3 Variation in response to hookworm by maternal age

A further concern that requires attention is that the hookworm eradication campaign might

have affected some young women directly. If school enrollment competes with child rearing,

then it is possible that hookworm eradication might affect the fertility behavior of young

women directly by inducing them to stay in school longer. In addition school enrollment will

improve labor market opportunities following graduation and thus might affect the price of

children by increasing the opportunity costs of females. If this was indeed the mechanism

that lead to a decline in fertility rates, then our results can not be interpreted as supporting

a forward-looking, altruism based model of the fertility transition.

We can examine this concern directly. To rule out this effect as causing our results,

we estimate how the pre-period infection rate affects fertility for the entire age-profile of

women in the sample including the years 1910 and 1920 only. The hookworm eradication

campaign will only have affected school enrollment of women aged 15 or younger in 1910.

Thus if we observe that women aged 25 or older in the treatment group (high infection rates)

significant relationship between hookworm infection, circa 1910, and mortality. We have not conducted a
test based on differencing these data because they are not strictly comparable.

24



reduced their fertility relative to the control group, then this can not be explained by more

additional schooling received by women in this age-group. Figure 6 shows the interaction of

1910 infection rate with the post-period indicator for the entire age-profile 15-49. Clearly the

additional drop in fertility in areas with high 1910 infection rates following the eradication

campaign is not limited to age-groups which are affected directly by the campaign.

There is no evidence that the decline in fertility rates might be due to the different

opportunities available to young women. Instead, the excess decline in fertility occurs at all

ages. Indeed, it is largest for women between the ages of 25 and 40, when fertility itself is

largest.

4.3.4 Labor-market outcomes of adults

We now consider impacts on the labor-market outcomes of adults, who should not have

been directly affected by the RSC, as a falsification exercise. The goal is to search for

evidence of shocks to income or sectoral demand that affected fertility and were spuriously

correlated with the hookworm measure. These results are found in Table VI, where we

see little evidence of omitted labor-market shocks. The first outcome studied is labor-force

participation, defined as whether the individual reports an occupation. For both women and

younger men, there is no statistically significant evidence of a change in this measure as a

result of the reduction in hookworm infection. On the other hand, for men older than fifty

years, there is a significantly significant decline in labor-force participation associated with

hookworm eradication, consistent with the models of child-to-parent altruism in retirement.

Panels B and C contain measures of labor earnings, imputed using the individual’s reported

occupation. In no instance do we find significant effects of hookworm on these income proxies.

Finally, in Panels D and E, we look for evidence of sectoral shifts correlated with hookworm

eradication and find none.
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5 The Quantitative Importance of Forward-Looking Mod-

els of the Fertility Transition

In the previous sections we argue that the data on fertility and schooling in the American

South following the hookworm eradication campaign is consistent with an interpretation of

the fertility transition that is based on intergenerational altruism. The reduction in the price

of quality caused by the eradication of Hookworm disease lead to a decline in fertility rates.

And, this decline in fertility rates was largest in areas where the pre-treatment infection

rates were highest.

We will now attempt to use this data to quantify the importance of linking the decision

on the quality and the quantity of children in explaining the demographic transition. The

hookworm eradication campaign provides us with a response in both schooling and fertility

to the eradication of hookworm. It is natural to compare this response with the overall

relative changes in schooling and fertility observed during the development of the American

South.

5.1 Method

This paper argues that the eradication of hookworm disease affected the opportunities to

invest into human capital and, through the quantity-quality trade-off, the costs of children.

Assume that the conditions affecting the human capital investment conditions are summa-

rized by a parameter r which depends on the hookworm infection rate ρ and other factors

denoted θr and can thus be written as r (ρ, θr). Then let fertility (n) and human capital (h)

depend on this parameter r and other effects θn and θh:

n(r (ρ, θr) , θn), h (r (ρ, θr) , θh)

The question we are attempting to answer here is how much of the decline in fertility

during the demographic transition is attributable to linkage between the quantity and quality

of children. To answer this question we compare the relative changes in fertility and education
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attributable to the hookworm eradication campaign with the relative aggregate changes in

fertility and education observed during the 1910-1920 period only. Between 1910 and 1920

the number of children younger than 5 per fertile woman declined by 0.067 (from a base of

0.56 in 1910). The school enrollment rate for ages 8-16 during this time period rose by 8.68

percentage points. Thus fertility per percentage-point of additional enrollment declined by

0.0077=0.067/8.68. How does this decline in fertility relative to the increase in education

compare with the changes in fertility and education observed in high areas with high infection

rates compared to those with low infection rates?

Ideally, we would like to estimate the change in fertility caused by some variation in

the hookworm-infection rate and compare this with an estimate of the change in education

caused by the same variation in the hookworm infection rate. This would give us an estimate

of the importance of the quantity-quality trade-off if the hookworm infection rate affects both

fertility and human capital investments primarily through the opportunities of investment

into human capital. This comparison would then answer the question: If we change the

investment opportunities into children’s human capital such that the school enrollment rate

increases by 1 percentage point, then by how much does fertility decline? The answer to this

question could then be compared to the 0.0077 observed for the time-period 1910-1920 for

the entire sample.

Unfortunately the structure of the data prevents us from pursuing this simple strategy. A

simple regression of fertility and human capital investments is fraught with omitted variable

biases. This is in fact the reason why we use the double difference estimator described above.

We only observe the infection rate in the pre-period and are therefore not able to estimate

the effect of the eradication campaign on the hookworm infection rate directly. This makes

it impossible to calculate the partial derivatives ∂n
∂ρ

and ∂h
∂ρ

directly and thus we can’t obtain

the ratio ∂n
∂ρ

/∂h
∂ρ

with this strategy.

To make progress we make additional linearity assumptions and an assumption on the

relation between the pre-period infection rate and the subsequent decline in infection rates

following the eradication campaign. In particular assume that r (ρ, θr) = γ1ρ+γ2θr + ε, that

n (r, θn) = β1r + β2θn + u, that h (r, θh) = α1r + α2θh + u and finally that the ρ1920 = kρ1910

where the subscript denotes the year. Assume furthermore that the omitted variables do not
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change systematically over time (we need that the omitted variable bias remains the same).

Then we can write the relation between fertility in 1910 and the hookworm infection rate as:

n1910 = β1γ1ρ1910 + β1γ2θr + β2θn + u1910 + β1ε1910

The plim of the coefficient in a regression of n1910 on ρ1910 will then be given by:

plim(bn,1910) = β1γ1 + OV B

where OV B denotes the omitted variable bias. This bias depends on the covariances between

θn, θr and ρ1910 and of course the parameters β1γ2 and β2. Consider next the regression of

n1920 on ρ1910 :

n1910 = β1γ1kρ1910 + β1γ2θr + β2θn + u1920 + β1ε1920

Here we get

plim(bn,1920) = β1γ1k + OV B

We can then difference the 2 coefficients to get:

plim(bn,1910 − bn,1920) = β1γ1 (1− k)

In similar fashion we obtain

plim(bh,1910 − bh,1920) = α1γ1 (1− k)

and then
plim(bn,1910 − bn,1920)

plim(bh,1910 − bh,1920)
=

β1

α1

This ratio is identical to the ratio of partial derivatives

∂n

∂ρ
/
∂h

∂ρ
=

∂n
∂r

∂r
∂ρ

∂h
∂r

∂r
∂ρ

=
∂n
∂r
∂h
∂r

=
∂n

∂h

we attempted to find in the first place. We can thus compare this ratio with the overall
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decline in fertility relative to the increase in education observed as the American South

developed.

5.2 Results

Table VII gathers the necessary data to perform the calculations described above. The

regression results reported in table II, panel 1 and 2, column 1 provide us with the coefficient

on the infection rates in the schooling and fertility rates for 1910 and 1920 respectively. The

aggregate changes in fertility and school enrollment are obtained by averaging using the

IPUMS data. The predicted difference in fertility rates between areas with a 1 percentage

point difference in the 1910 hookworm infection rate declines by about 0.0007 between 1910

and 1920. At the same time the school enrollment rate in high infection areas relative to

those in the low infection areas increases by 0.001 per percentage point difference in the

hookworm infection rate in 1910. In the aggregate data we see that the fertility measure

decreases by about 0.0752 between 1910 and 1920 and school enrollment increases by about

0.0854. The ratio bn,1910−bn,1920

bh,1910−bh,1920
then yields the change in fertility relative to the change in

human capital investments that is associated with the hookworm eradication campaign. This

number is approximately -0.68. Thus changes in fertility and school enrollment due to the

hookworm eradication campaign imply that an increase in school enrollment by 1 percentage

point is associated with a decline in the number of children less that 5 years per female 15-49

of about 0.0068. For the aggregate data in 1910 and 1920 we have that the ratio of the

fertility change over the education change is equal to about -0.88. The estimated changes in

school enrollment and fertility implicit in the hookworm experiment is therefore of an equal

order of magnitude as the change in aggregate school enrollment and fertility.

The calculations performed here are naturally imprecise, but they do suggest that the

quantity-quality trade-off alone might be sufficient to explain the decline in fertility observed

during the demographic transition as economies develop.
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6 Conclusion

This study contains evidence on the importance of competing models of the fertility transition

observed during the development of societies to high income societies. The episode analyzed

is the eradication of hookworm disease in the American South (c. 1910). In previous work,

it was shown that the eradication of hookworm disease led to a significant increase in school

attendance and literacy. The present study shows that this increase in human capital was

accompanied by a fertility decrease that was both economically and statistically significant.

A decline in the hookworm infection rate from 40 to 20% is associated with a decline in

fertility that amounts to 40% of the entire fertility decline observed in the American South

between 1910 and 1920.

These results can be used to test a number of theoretical models on the interaction of

fertility and human capital investments in growth. It provides broad support for models

of the fertility transition that link parental fertility decisions to the quality of children. It

therefore strengthens the empirical support for the emerging literature linking human capital

investment and fertility in models of economic growth and demographic transitions. These

models argue that increases in returns to education cause the simultaneous observed increases

in human capital investments and declines in fertility rates.

The data on hookworm eradication suggests that an increase in returns to education

that increases school enrollment rates by one percentage point (from a base of about 0.80

for the enrollment rate of children aged 8-16) results in a decline in the 5-year fertility rates

of approximately 2/3 of a percentage point (from a basis of about 0.50 children per women

aged 15-49).

The relative change in fertility and schooling caused by hookworm eradication are approx-

imately equal to aggregate comovements during the period considered. This correspondence

suggests an important role for the interaction of fertility and human capital investments in

growth.
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Figure 1: Fertility in the American South

0.2

0.4

0.6

1850 1900 1950 2000

The fertility measure depicted represents the number of children less than 5 years old per woman aged 15-49. The measure is estimated from 
census extracts provided by the IPUMS.

Figure 2: School Enrollment at Age 14 in the American South
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School Enrollment is estimated from census extracts provided by the IPUMS for children aged 14.



Figure 3 The Literature on the Demographic Transition 
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Figure 4: Highly Infected Areas Saw Greater Declines in Hookworm

Panel A: States
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Notes: The y axis displays the decrease in hookworm infection post-intervention, as measured by follow-up surveys. The x axis
is the pre-treatment hookworm infection rate, as measured by the Rockefeller Sanitary Commission. Panel A displays data at
the state level, as reported by Jacocks (1924). Panel B contains data from counties in Alabama, as reported by Havens and
Castles (1930). Both resurveys are from the early 1920s.
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The solid line depicts the estimated impact of the 1910 Hookworm Infection Rate on the Fertility Rate. The broken 
lines represent 95% confidence intervals.

Figure 5: Impact of 1910 Hookworm Infection Rate on Fertility.
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Figure 6: The Fertility Effect of Hookworm Eradication by Age



Table I  Summary Statistics
Panel A: Aggregate Data (by State Economic Area)

Whole Sample By Hookworm Infection Source
> 40% <40%

0.320 0.55 0.16
RSC Annual Reports(0.230) (0.137) (0.117)

0.06 0.1 0.03
RSC Annual Reports(0.067) (0.069) (0.052)

0.03 0.05 0.02
RSC Annual Reports(0.029) (0.027) (0.022)

School Attendance, 1910 0.72 0.71 0.73
(0.104) (0.099) (0.108)

0.09 0.1 0.08
(0.080) (0.090) (0.072)

0.75 0.79 0.72
(0.162) (0.152) -0.17

-0.060 -0.073 -0.050
(0.121) (0.125) (0.117)

Sample Size 115 48 67

Panel B: Micro Data
1910 Census 1910-1950 Census

Sample Children Adult Females Children Female Adults
Age 11.9 28.2 11.9 29.3

(2.6) (9.49) (2.6) (9.84)
Black 0.37 0.36 0.33 0.32

(0.482) (0.481) (0.470) (0.465)
Children less than 5 0.56 0.51

(0.856) (0.825)
School Attendance 0.71 0.8

(0.453) (0.397)
Sample Size 17,194 19,776 140,161 265,195

Notes: Displayed are means and (in brackets) standard deviations.

Sample Selection (Children): Native born blacks and whites age 8-16 in IPUMS from RSC surveyed units in the indicated years.

Sample Selection (Adults): All black and white females aged 15-49 in IPUMS from RSC surveyed units in the indicated years.

Hookworm-Infection 
Rate
Treatments Issued by the 
RSC, Per Capita
Individuals Treated at 
Least Once, Per Capita

IPUMS, author's 
calculations

Change in School 
Attendance, 1910-20 IPUMS, author's 

calculations
Generalized Fertility 
Rate IPUMS, author's 

calculations
Change in Generalized 
Fertility Rate IPUMS, author's 

calculations

Variables: School enrollment is calculated using all native born black and whites in the RSC surveyed units between the ages 8 and 16. The 
Generalized Ferti lity Rate for the aggregate level data is the ratio of children less than 1 years old to females aged 15-49.



Table II.1 The Effect of Hookworm Eradication on School Enrollment, 1910-1920
(1) (2) (3) (4)

Main Variables of Interest
1910 Infection Rate* Post Period 0.105** 0.103*** 0.104*** 0.090***

(0.047) (0.023) (0.023) (0.023)
1910 Infection Rate -0.06

(0.040)
Post Period 0.053** 0.052*** 0.049*** 0.028***

(0.020) (0.009) (0.009) (0.011)

Controls
Age Yes Yes Yes Yes

No No Yes Yes
Age*Post Period No No No Yes
Age Squared*Post Period No No No Yes
Black Yes Yes Yes Yes
Black*Post Period No No No Yes
Black*age No No Yes Yes
Female Yes Yes Yes Yes
Female*Post period No No No Yes
SEA Fixed Effects No Yes Yes Yes
Sample 64,676 64,676 64,676 64,676

Table II.2 The Effect of Hookworm Eradication on Fertility, 1910-1920
(1) (2) (3) (4)

Main Variables of Interest
1910 Infection Rate* Post Period -0.0621 -0.0668*** -0.0837*** -0.0805***

(0.0566) (0.0239) (0.0246) (0.0245)
1910 Infection Rate 0.2458***

(0.0425)
Post Period -0.0521** -0.047*** -0.035*** -0.0015

(0.0241) (0.012) (0.011) (0.0235)
Controls
Age Yes Yes Yes Yes

No No Yes Yes
Age*Post Period No No No Yes
Age Squared*Post Period No No No Yes
Black Yes Yes Yes Yes
Black*Post Period No No No Yes
Black*age No No Yes Yes
SEA Fixed Effects No Yes Yes Yes
Sample 73,695 73,695 73,695 73,695

Age
�

Notes: Dependent variable: Binary Indicator for School Enrollment. Robust standard errors in parenthesis (clustering on 
S.E.A. times post). Single asterisk denote statistical significante at the 90% level of confidence, double 95%, triple 99%. 
Sample consists of all native-born white and black children in the IPUMS between the ages of 8 and 16 in the RSC-surveyed 
geographic units for the indicated years. Reporting of constant term suppressed.

Age
�

Notes: Dependent variable: Number of own children less than 5 years old living in the household. Robust standard errors in 
parenthesis (clustering on S.E.A. times post). Single asterisk denote statistical significante at the 90% level of confidence, 
double 95%, triple 99%. Sample consists of all white and black females in the IPUMS between the ages of 15-49 in the 
RSC-surveyed geographic units for the indicated years. Reporting of constant term suppressed.
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Table V, Sensitivity Analyses
1910-20 1900-50

Interact 1910 SEA
Aggregates with Post:

Panel A: Basic Specification

Hookworm Infection Rate -0.076*** -.051***
(.0159) (.019)

Panel B: Race and Literacy

Hookworm Infection Rate -.091*** -.063***
(.017) (.019)

Fraction Black -0.02 -.110***
(.030) (.029)

Fraction Literate -.114** -.162***
(.046) (.040)

Panel C:  Agricultural Variables

Hookworm Infection Rate -0.074*** -.050***
(.0164) (.017)

Fraction Living on a Farm -0.011 -.087***
(.021) (.024)

Cotton Output per Capita -0.012*** -.020***
(.004) (.004)

Tobacco Output per Capita -0.069** -.030
(.027) (.038)

Panel D: Child Mortality

Hookworm Infection Rate -0.077*** -.051***
(.0155) (.019)

Child Mortality, 1900-10 0.266*** -.016
(.087) (.091)

Panel E: Pre-Eradication Fertility

Hookworm Infection Rate -0.032** -.058***
(.016) (.020)

Fraction with Children < 5 years old -0.259*** 0.041
(.053) (.065)

Sample 44,095 165,324

Notes: Dependent variable: Number of own children less than 5 years old living in the household. Robust standard 
errors in parenthesis (clustering on S.E.A. times post). Single asterisk denote statistical significance at the 90% level of 
confidence, double 95%, triple 99%. Sample consists of all white and black females in the IPUMS between the ages of 
25 and 45 in the RSC-surveyed geographic units for the indicated years. All specifications include dummies for SEA 
and for age x black x Census region x year. Regressions for the 1900-50 sample include SEA-specific linear trends.



Table VI  Estimated Effects of Hookworm Eradication on Adult Occupational Outcomes
(1) (2) (3) (4) (5) (6) (7) (8)

Samples:

Females: Males:
All Ages Ages Ages All Ages Ages Ages

Ages [25,35) [35,50) [50,55] Ages [25,35) [35,50) [50,55]

Parameter estimates:

Panel A: Labor-Force Participation

-0.0056 0.0207 -0.0264 -0.0382 -0.0069 0.0051 -0.0048 -0.0492 **
(0.0284) (0.0349) (0.0331) (0.0501) (0.0065) (0.0084) (0.0094) (0.0234)
{48240} {21052} {21758} {5430} {48947} {19749} {22808} {6390}
[0.3238] [0.3277] [0.3237] [0.3091] [0.9790] [0.9766] [0.9824] [0.9760]

Panel B: Occupational Income Score

0.0581 0.2195 -0.1159 -0.0626 -0.0186 0.9070 -0.6510 -0.1192 
(0.4163) (0.5295) (0.5058) (0.7358) (0.4912) (0.5863) (0.6794) (1.0823)
{48240} {21052} {21758} {5430} {48947} {19749} {22808} {6390}
[3.3444] [3.4879] [3.3236] [2.8716] [18.5736] [18.2216] [19.1484] [17.8854]

Panel C: Duncan Socioeconomic Index

-0.3499 -0.2522 -0.3388 -1.0809 -0.4529 1.1373 -1.5683 -0.7018 
(0.6185) (0.8407) (0.7316) (1.0012) (0.7931) (0.8798) (1.1703) (1.8652)
{48240} {21052} {21758} {5430} {48947} {19749} {22808} {6390}
[4.3239] [4.5981] [4.2919] [3.3925] [19.8944] [18.9747] [21.0538] [19.1638]

Panel D: Works in Agriculture

-0.0360 -0.0206 -0.0460 -0.0318 -0.0416 -0.0769 -0.0002 -0.1030 
(0.0342) (0.0417) (0.0401) (0.0590) (0.0382) (0.0489) (0.0492) (0.0665)
{48240} {21052} {21758} {5430} {48947} {19749} {22808} {6390}
[0.1844] [0.1830] [0.1866] [0.1820] [0.6043] [0.5783] [0.6027] [0.6909]

Panel E: Works as Craftsman or Operative

-0.0022 -0.0013 -0.0037 -0.0055 0.0033 0.0508 -0.0425 -0.0138 
(0.0092) (0.0147) (0.0117) (0.0164) (0.0265) (0.0377) (0.0339) (0.0424)
{48240} {21052} {21758} {5430} {48947} {19749} {22808} {6390}
[0.0217] [0.0243] [0.0216] [0.0126] [0.1335] [0.1404] [0.1389] [0.0950]

Notes: Each Panel/Column reports the results from a separate regression of the indicated variable on pre-treatment hookworm x 
post.  The dependent variables are indicated in each Panel heading, and are derived from reported occupational information.  Robust 
standard errors in parenthesis (clustering on S.E.A. times post).  Single asterisk denote statistical significance at the 90% level of 
confidence, double 95%, triple 99%.  Sample consists of all whites and blacks in the IPUMS for the indicated ages in the RSC-
surveyed geographic units in 1910-20.  All specifications include dummies for SEA and for age x black x Census region x year. 



Table VII How important is the Quantity-Quality Mechanism in explaining the Demographic Transition?
1910 1920 Difference

-0.0570 0.0480 0.1050
0.2458 0.1737 -0.0721

Aggregate School Enrollment (age 8-16) 0.7190 0.8044 0.0854
Aggregate Fertility (age 15-49) 0.5483 0.4731 -0.0752

Fertility decline per Percentage Point Schooling implicit in Hookworm Eradication Data: -0.69

Fertility decline per Percentage Point increase in Schooling (aggregate 1910-1920): -0.88
1.) See Table II, Panel 1, column 1

2.) See Table II, Panel 2, column 1

Effect of Infection on Schooling
�

Effect of Infection on Fertility
�



Data Appendix

The empirical component of the study is an analysis of sequential cross sections (SCS) from
different points in time. That is, we compare a particular age group in one Census to that
same age group in a later Census. This is coupled with a decomposition of the changes over
time by area, on the basis of each area’s pre-treatment-campaign infection level. These two
comparisons constitute the difference-in-difference strategy. In this appendix, we discuss the
micro data employed in the SCS analysis. We later describe the construction of the aggregate
data for hookworm and the additional control variables that factor into analysis.

A Sources and Definitions for the Micro Data

The micro data for the SCS component are samples drawn from the Censuses of 1900, 1910,
1920, 1940, and 1950, accessed through the IPUMS project (Ruggles and Sobek (1997)).
The sample consists of native-born whites and blacks in the age range [8,16] in the case of
children, and in the age range [15,55] in the case of adults. The age criteria for children
serves to select children of school age who are likely not yet old enough to have migrated on
their own. The outcome variables are defined as follows:

• School attendance. This is an indicator variable for whether the child has attended
school at any time during a specified interval preceding the day of the Census. The
length of this interval varies across the Censuses as follows:

– 1900: within the past year;

– 1910 and 1920: since September 1st;

– 1940: since March 1;

– 1950: since February 1.

See http://www.ipums.umn.edu/usa/peducation/schoola.html for more detail.

• Fertility. Defined as number of own children less than five years of age living in the
household.

• Labor-force participation. A binary variable indicating whether the individual is
working. Prior to 1940, this variable is based on whether the individual’s reported
occupation was classified as a “gainful” one. From 1940 on, the question corresponds
more closely to the modern BLS definition.

• Occupational income score. The occupational income score is an indicator of in-
come by disaggregated occupational categories. It was calibrated using data from the
1950 Census, and is the average by occupation of all reported labor earnings. See
Ruggles and Sobek (1997) for further details.

• Duncan socio-economic index. This measure is a weighted average of earnings and
education among males within each occupation. The weights are based on analysis by
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Duncan (1961) who regressed a measure of perceived prestige of several occupations on
its average income and education. This measure serves to proxy for both the income
and skill requirements in each occupation. It was also calibrated using data from the
1950 Census.

• Works in agriculture. Defined as the IPUMS variable “occ1950” being equal to 100,
123, or anything in the 800s.

• Works as Craftsman or Operative. Defined as the IPUMS variable “occ1950”
being between 500 and 699 (inclusive).

B Sources and Definitions for the Aggregate Data

There are two units of observation for the area-level data: county and state economic area
(SEA). Because county boundaries change over time and because county of residence is not
available in the later Censuses, we use the SEA as the aggregate unit for the sequential-
cross-section analysis, such as in Section 4. The SEAs are aggregations of counties, with an
average number of 8.5 counties per SEA. SEA boundaries tend to be more stable, in part
because they were often defined by a state boundary or significant natural feature (river or
mountain range, e.g.).

The area-level data come from a variety of sources, but principally from the RSC annual
reports and the ICPSR’s study #3, the latter of which is a collection of historical Census
tabulations. The following is a list of the aggregate variables with information on sources,
definitions and method of aggregation. The source is indicated in parentheses at the end of
each item’s text.

• Hookworm infection rate. The source data are at the county level and from the
period 1911–1915. The infection numbers in most cases are from surveys conducted
by the Rockefeller Sanitary Commission (RSC) as prelude to (or simultaneously with)
dispensing treatments. In a few instances, the RSC dispensaries had already visited the
county before making the survey. For this latter case, I use the examinations conducted
by the dispensaries to construct the hookworm infection rate, rather than using data
that comes after the administration of the RSC treatments. (The hookworm-infection
rates constructed from survey and examination have a correlation coefficient greater
than 0.95 for those cases in which the survey was done first.) The infection data
were aggregated to the SEA level using a population-weighted average. (RSC annual
reports.)

• Individuals treated by the RSC, per capita. The source data are at the county
level and from the period 1911–1915. The RSC dispensaries tracked how many indi-
viduals received de-worming treatments. We sum these numbers to the SEA level and
divide by total population. (RSC annual reports.)

• Fertility, 1910. The fertility rates for 1910 are measured using the IPUMS samples.
We construct SEA rates, by average within our sample of native white and black
females.
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• Literacy rates, 1910. These data were compiled at the county level and come from
the 1910 Census. Child literacy refers to ages 10–20 and is constructed as follows:
1 − (v50/v49), using the variable codes of the ICPSR study. Adult literacy refers
to males of voting age, defined as 1 − (v37/v26). To construct SEA rates, we sum
the components over the constituent counties and apply the above formulae. (ICPSR
Study #3.)

• Fraction black, 1910. These data come from the 1910 Census. Defined as the
fraction of the areas males who are black, out of the total population of blacks and
whites. Specifically this is defined as (v24 + v25)/(v24 + v25 + v22 + v23), using the
variable codes of the ICPSR study. To construct SEA rates, we sum the components
over the constituent counties and apply the above formulae. (ICPSR Study #3.)

• Cotton acreage per capita. The base data is cotton acreage in 1910 by county. We
normalize this number by the county population, as defined above. To construct SEA
rates, we create a population-weighted average of the constituent counties. (Census,
1915.)

• Tobacco acreage per capita. The base data is tobacco acreage in 1910 by county.
We normalize this number by the county population, as defined above. To construct
SEA rates, we create a population-weighted average of the constituent counties. (Cen-
sus, 1915.)

• Child Mortality, 1900–10. Defined from IPUMS samples using the Preston-Haines
methodology, and aggregate to SEA level.
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