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Abstract

Through designs akin to difference-in-differences, Bleakley (2007) produces evidence that the cam-
paign to eradicate hookworm from the American South circa 1910 boosted school enrollment in
childhood and income in adulthood. This comment works to replicate and reanalyze that study.
Innovations include incorporation of the larger U.S. Census samples now available, and fitting of
specifications focusing more sharply on the timing of any effects of the campaign, which are the
basis of the most credible identification. The long-term convergence between historically low- and
high-hookworm areas documented in Bleakley (2007) began decades before the campaign and did
not accelerate in a way that would invite hookworm eradication as an explanation. Likewise, in the
case of adult income, the convergence continued for decades after. In sum, hookworm eradication
did not leave a telltale imprint on the historical record assembled here.
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1 Introduction

Deworming children in developing countries is cheap. The medicines—albendazole for geohelminths,
praziquantel for water-transmitted schistosomiasis—are practically free. Administering the drugs
is inexpensive, if done where children already gather, such as at schools. As a result, the charity
evaluator GiveWell estimates that mass childhood deworming costs $0.32 per dose in India and
$0.79 in Kenya.!

The benefits of mass deworming are harder to gauge. The evidence base on the short-term
impacts on nutrition and cognition is rich enough to have supported several meta-analyses (Taylor-
Robinson et al. 2015; Welch et al. 2016; Croke et al. 2016). These have disagreed in their assess-
ment: the first two cited are pessimistic about any overall benefit but the third is more optimistic,
with regard to the well-studied outcome of child weight. Long-term impacts could cumulatively
matter far more; but here the evidence is thinner. In an approximately ten-year follow-up on the
influential Miguel and Kremer (2004) deworming experiment in western Kenya, Baird et al. (2016)
find impacts on earnings sufficient to generate an internal rate of return of at least 32% per annum.
Ozier (2018) follows up on the same experiment at about the same time, and reports cognitive
gains among children who were too young to have directly participated in the experiment but who
could have benefited indirectly, through the deworming of their school-age siblings and neighbors.
Croke (2014) examines impacts on academic outcomes in a ten-year follow-up on a randomized
deworming trial in Uganda.

For decisionmakers trying to assess the effects of deworming, the paucity of modern, experi-
mental evidence on the long-term consequences raises the importance of one noted historical study.
Bleakley (2007) evaluates the Rockefeller Sanitary Commission’s campaign to eradicate hookworm
from the American South circa 1911-14. Through designs akin to difference-in-differences (DID),
the study identifies impacts off of the interaction of two sources of variation: geographic differences
in the initial prevalence of hookworm, and the particular timing of the campaign. The Bleakley
(2007) results parallel those from Kenya (Miguel and Kremer 2004; Baird et al. 2016): mass de-
worming of children boosted schooling in the short run and earnings in the long run.

Bleakley (2007) has been influential. It had accrued 749 citations in Google Scholar as of August
21, 2018. Among papers that pertain to health, education, and welfare and had appeared between
1991 and 2014 in the top-five economics journals, Bleakley (2007) ranks among the 50 with the
highest citation rates (Linnemer and Visser 2017). GiveWell used to cite it, along with Baird et al.
(2016) and Croke (2014), as key evidence in favor of donating to deworming charities.?

The present paper replicates and reanalyzes Bleakley (2007). It returns to primary sources,
constructs new data sets modeled on the originals, and strives to reproduce nearly all the original
tables and figures.> Moving from replication to reanalysis, the paper then modifies specifications in
order to test robustness and zero in on questions that are relevant for assessing any attribution of

LGiveWell, “Deworm the World Initiative, Led by Evidence Action,” November 2016, web.archive.orqg/web/
20170918025142/http:/www.givewell.org/charities/ vorm-world-initiative.

2See GiveWell, “Combination deworming (mass drug administration targeting both schistosomiasis and soil-

transmitted helminths),” archived March 7, 2016, at v
org/international/technical/programs/dew

b.archive.org/web/20160307215042/http:/givewell.

rming.
3The exception is Figure I, which is preliminary to the main analysis and mostly uses separate data.
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impacts. In particular, the paper:

1. Takes advantage of the larger census samples now available from the Integrated Public Use Mi-
crodata Series (IPUMS; Ruggles et al. 2015). This expansion includes 100% “samples” for
1910-40.

2. Copies specification choices among the displays to test robustness. For example, where, in the
original, a table tests for impacts on three outcomes and the corresponding figure illustrates
for only one, analogous figures are here generated for all three.

3. Performs tests to focus more sharply on whether trends break at times explicable by the eradi-
cation campaign; for the timing of the eradication campaign—its historically contingent start
date and rapid execution—is the most credibly exogenous source of identifying variation in
the study.

4. Addresses a few econometric issues. For example, the three-stage estimation process in one
analysis is revised to factor uncertainty from initial stages into the final stage’s standard errors.

A pre-analysis plan, registered with the Center for Open Science, envisions some of these steps—
the fourth and part of the third. As that statement implies, I did not confine this study to steps
articulated in the pre-analysis plan. But the plan does make transparent which steps I chose before
encountering the data.

The new analysis focuses on figures more than tables. The figures bring out temporal patterns
clearly and motivate formal tests mentioned above in item 3.

The replication attempt reported here recognizably matches nearly all the original’s tabulated
and graphed results. The largest exception is that a prominent graphical finding in the original—a
striking school enrollment jump between 1910 and 1920 in historically high-hookworm areas rela-
tive to low-hookworm areas—is now harder to distinguish from the pre-treatment trend.

Moving from replication to reanalysis, I present new results that further question the Bleakley
(2007) conclusion that hookworm eradication brought detectable short- and long-term benefits. As
a first step, I replicate the school enrollment graph, just mentioned, for the other Bleakley (2007)
indicators of human capital investment, namely, full-time school attendance and literacy. And I
test for robustness to using newer, larger census microdata samples. Expanding the census samples
produces results that more strongly suggest that the relative upward trend in schooling and literacy
in historically high-burden areas began as early as 1870. And a long-term trend beginning well
before the eradication campaign is hard to attribute to the campaign.

The findings are similar for long-term impacts on income. The replication’s birth-cohort-by-
birth-cohort results confirm that income—more precisely, the “occupational standing” variables
used to proxy for it—gradually converged across the gradient of baseline hookworm burden. But
when I formally test whether convergence temporarily accelerated at a time associated with the
eradication campaign, I do not find convincing evidence in favor. Again, the convergence begins
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decades earlier than would be expected from hookworm eradication efforts. And it continues later.

I began corresponding with Hoyt Bleakley about these findings in May 2017. Bleakley stated
that the original data and code are effectively lost. In January 2018, I received substantive com-
ments from Bleakley on an earlier version of this paper, which are incorporated here.*

Section 2 of this paper details the Bleakley (2007) designs. Section 3 introduces several cross-
cutting themes in the reanalysis. Sections 4 and 5 replicate and reanalyze the short-term and
long-term impact regressions. Section 6 concludes.

2 The Bleakley (2007) designs

To study the campaign to eradicate hookworm disease from the American South in the early 1910s,
the Bleakley (2007) specifications combine three sorts of variables:

* Cross-sectional variables, observed once per geographic unit. These include indicators of
pre-eradication hookworm prevalence (H), along with controls relating to health, education,
race, agriculture, and parental background. All come from sources published about a century
ago.

* A time series indicator for exposure to the post-eradication regime (Fxp). This takes the same
values in all geographies, regardless of baseline hookworm burden. It is interacted with H to
form the treatment proxy.

* Variables built from decennial census microdata (Ruggles et al. 2015). These include demo-
graphic controls—age, sex, race—and the outcome measures such as school enrollment and
occupational standing. These vary geographically and temporally.

In one case, discussed below, the data are aggregated before analysis, within birth state-birth year—
census year cells. The rest of the regressions are run directly on census microdata.

For all Bleakley (2007) designs, the estimating equation can be written
Yije = (Hj x Expe)B + 2jj,00 + Xy + 65 + 0, + €5 M

for outcome Y for individual i in geographic unit j at time ¢. 3 is the impact parameter of interest.
The ¢; and ¢, are place and time dummies, and obviate the inclusion of H; and Exp; as controls.
The z,;; are individual-level demographic traits such as age, sex, race, and interactions thereof.

4Since the November 21, 2017, version of this paper, these changes have been made: fixing a bug substantially reducing
1940-50 samples in SCS estimates including those years; dropping year-2000 census data from multicensus RC regressions
because of a quality concern raised by Bleakley, thus conforming with Bleakley (2007) while departing from Bleakley (2010);
implementing an exclusion—of women—from the multicensus RC samples, documentation of which was lost in the editing
of Bleakley (2007); quintupling weights in 1950 census data for SCS education regressions to compensate for schooling
only being observed in 20% of cases; correcting (making uniform) the weights in the replication of the original’s 0.4%
1910 census sample, which in the modern IPUMS interface is extracted from a larger (1.4%) sample with a more complex
weighting scheme; in SCS data sets, replacing log change in health spending with change in health spending, imputing
zero for missing observations of number of patients examined and number treated, adding (documented) controls for 1910
urban fraction and dummies for missingness in parents’ occupational incomes scores, obtaining data for log change in value
of school plant and equipment in Mississippi, and imitating the (previously overlooked) imputation for school term lengths
in Kentucky in the pre-treatment period.
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The x;; are not true panel variables, in the sense of being observed in primary sources in multiple
times and places. Rather, all are products of pure cross-sectional and pure time series variables. An
example is the set of interaction terms ¢; x ¢, which is included in some specifications to control for
area-specific linear time trends.

Bleakley (2007) also performs graphical analyses, which involve running a version of (1) sepa-
rately for each ¢-indexed cross-section:

Yije = H; By + zi,00 + Xy + €45t 2

The x; are optional cross-sectional controls. These regressions yield a series of coefficients, £,
which measure the (conditional) cross-sectional association between baseline hookworm preva-
lence and the outcomes. Bleakley (2007) then conducts inference about whether the (; series
constitutes evidence of impact, in the sense that Exp is a good explanator for the series. The set of
regressions (2) can also be performed as a single, full-sample regression in which time dummies d;
are interacted with all the right-side variables.

Bleakley (2007)’s two designs, successive cross-section (SCS) and retrospective cohort (RC),
differ in how they group the data—in effect, in what they take the indexes j and ¢ to refer to. These
choices in turn shape the definitions of H and Fxp (baseline prevalence and potential campaign
exposure).

The SCS design categorizes an observation by when and where it was collected, meaning the
census year and the person’s place of residence. Ezxp is then simply a dummy for post-campaign
censuses, i.e., for t > 1920. As for H, the census observes place of residence with high precision—
though the public, digitized microdata less so. In principle, this allows the SCS specifications to
take full advantage of the county-level spatial resolution in the Rockefeller Sanitary Commission’s
(RSC’s) baseline hookworm prevalence surveys.” H could be defined by county of residence and
linked to other variables at that level. In practice, Bleakley aggregates baseline prevalence and the
other county-level variables to the “state economic area” (SEA; Bogue 1951). Each SEA consists of
several contiguous counties within a state. SEAs are attractive because they are more stable than
counties, which have sometimes merged or split or had boundaries redrawn. Also, starting in 1950,
IPUMS census records report residence by SEA but not county. Thus, in the SCS design, the geo-
graphic index j refers to SEAs. Since the RSC waged its campaign across 11 southern states from
Virginia to Texas, it surveyed prevalence only in those states. This restricts the SCS regressions to
SEAs in those 11 states.

In the retrospective cohort (RC) design, ¢ and j index time and place of birth instead of time
and place of survey. This structure facilitates assessment of long-term effects by minimizing attri-
tion from migration. If a person was born in Georgia in 1915 just after the eradication campaign,
and showed up in successive censuses as a bricklayer in Atlanta in 1940, a general contractor in
Lexington in 1950, and a construction company director in Phoenix in 1960, all three observations
would be associated with Georgia, 1915. Bleakley (2007)’s single-census RC specifications use data
from the 1920 or 1940 census. The multicensus specifications pool all census data from 1870 to
1990 that were available to Bleakley.

5In fact, the RSC subdivides a few counties for reporting purposes.
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The redefinition of the time and place indexes in moving from the SCS to the RC design triggers
several other changes. Partly because the cadence of ¢ shortens from decadal to annual, Bleakley
(2007) incorporates more timing information into Exp. Instead of being a post-campaign dummy,
FExp now measures the number of childhood years of exposure to the post-campaign regime. For
this purpose, the campaign is taken to begin in 1910 and childhood to end at age 19. “Nineteen is
chosen because most individuals in this period would have completed their schooling by that age,
and hookworm infection was negligible at older ages” (Bleakley 2007, p. 95). Thus, Exp=0 for
a person born in 1891, who would have reached 19 in 1910 and just missed the opportunity to
enjoy the post-eradication regime during childhood. Fxzp=1 for those born in 1892, 2 for those
born in 1893, and so on. It is 19 for all people born in or after 1910. I will call this piecewise-linear
function of birth year the step function. It implies the assumption that exposure at each year of
childhood matters equally for long-term outcomes.

Meanwhile, since the census observes place of birth only at the state level, in the RC regressions,
the state replaces the SEA as the geographic unit. As a result, to perform the RC regressions,
Bleakley (2007) widens the geographic scope to the continental United States. And the study drops
the county-level Rockefeller prevalence surveys as the basis for H in favor of a state-level indicator
with national coverage (Kofoid and Tucker 1921).

3 Themes in the replication and reanalysis

3.1 Pre-analysis plan

A pre-analysis plan for this replication and reanalysis was registered with the Center for Open
Science (osf.io/yb537). As noted, it does not confine the analysis. But it discloses which parts were
pre-conceived and which were chosen after encountering the data. Here are the steps envisioned
in the plan, along with commentary:

* “Testing for sensitivity to any data or coding errors exposed in the original.” None were
exposed, for lack of access to the original data and code.

* “Performing two-stage least squares instead of the original’s indirect least squares [ILS] in
order to obtain proper confidence intervals for instrumental variables point estimates.” This
step was ill-conceived. The original uses ILS where conventional instrumental variables esti-
mation is impractical, because, e.g., the impacts of the instruments on the treatment and on
the outcome are estimated in different contexts.

* Performing “pure time-series versions of the sequential cross-sections (SCS) analysis, in which
samples are restricted to areas of above-average baseline prevalence.” This was done (see
section 4.2 below). Since the (temporal) variation in Ezp is more credibly exogenous than
the variation in the other component of treatment, H, a pure time series specification seemed
worthwhile as a robustness check.

* “More-conservative error-clustering choices, such as clustering county-level estimates by state
rather than State Economic Area.” (By “county-level estimates,” the SEA-level SCS regres-
sions are meant.) For the SCS regressions, clustering was not expanded from SEA to state,
because it seems rather demanding when the sample has only 11 states; also, even with SEA-
clustered standard errors, the reanalysis casts substantial doubt on the original. However, the
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reanalysis of the multicensus RC regressions does move from clustering by birth state-birth
year combination to clustering by state, across time, in order to address serial correlation.

* “Re-doing the two-stage assessment of whether the hookworm campaign helps explain the
convergence in long-term earnings between low-and high-prevalence areas (equation 5 and
Table VI) in a way that factors the uncertainty of the estimates from the first stage into the
second, either analytically or by bootstrapping.” This was done, and is reported in section
5.2. In fact, the “two-stage assessment” has three stages, which that section also explains.
The alternative adopted here is to combine all stages into a single ordinary least squares
(OLS) regression on microdata, as in the rest of Bleakley (2007).

3.2 Expanded IPUMS samples

The coverage of the IPUMS U.S. census data archive has expanded steadily over the years, both
in the rounds included and in the size, or “density,” of samples digitized. Bleakley (2007) re-
ports last obtaining [IPUMS data on May 30, 2003, for the SCS analysis; on February 5, 2003, for
the single-census RC; and on November 14, 2005 for the multicensus RC. Bleakley (2007) largely
does not specify the densities of the samples used, but they can be estimated by reviewing the
history of https://ipums.org/usa/sampdesc.html at archive.org, as well as the change log at
usa.ipums.org/usa-action/revisions. Table 1, column 1, shows my estimates. Encourag-
ingly, certain sample sizes reported below for the base SCS regressions nearly match corresponding
values reported in an early version of Bleakley (2007).°

In addition to reconstructing the original data set according to these estimates, I test robust-
ness by switching to newer, larger IPUMS samples. (See column 2 of Table 1.) The “expanded”
collection of samples adds microdata from 1860 and 1930—though the 1860 data figure only in
the multicensus RC regressions.” Density rises to 5% in 1900 and 1960, and to 100% for 191040,
using preliminary releases for the latter.® However, although the census asked respondents about
their literacy through 1920, the preliminary 100% samples for 1910-20 lack this information; so
for SCS literacy regressions, the next-largest IPUMS samples are used, namely, the 1.4% for 1910
and 1% for 1920.

While the data expansion was not pre-registered, it was to a degree inevitable since Bleakley
(2007) does not fully document the original samples used and because the modern IPUMS interface
tends to hide two samples that Bleakley (2007) appears to use: the 1-in-760 sample for 1900 and

6In the Bleakley (2002) job market paper, Tables III and VI report observations counts. As shown below in Table 4, panel
A, the replication matches these well. Similarly for the 1910-20 adult literacy SCS regressions (Table IV in the original,
Table 6 here).

7A previous version of the present paper added 2000 data to the multicensus RC regressions as well, like the Bleakley
(2010) malaria study. However, in January 2018, Hoyt Bleakley pointed me to a “user caution” on the IPUMS website
about the occupation codings in the 2000 census, which are the basis for the occupational income score and Duncan’s
socioeconomic index (usa.ipums.org/usa-action/variables/ RE). I have therefore dropped the 2000 data.
This hardly affects results.

8JPUMS staff state that the 100% samples are “preliminary” in the sense of being incom-
plete, not wunreliable. Some variables are still being added. See answers.popdata.org/
How—-interpret-preliminary-label-full-count-data-g2390259.aspx
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1-in-250 sample for 1910.° For concision, I only perform the data expansion robustness test on the
Bleakley (2007) figures, not the tables. (Section 3.4 explains the focus on the figures.)

All new regressions reported below incorporate person-level sampling weights provided by
IPUMS. Most IPUMS samples are “flat,” meaning that they statistically represent the population
without weighting. But the 1950 file over-samples large households, and the 1990 5% file used here
over-samples small communities (Ruggles et al. 2015; usa.ipums.org/usa/intro.shtml#
weights), both of which selection traits could be endogenous to occupational standing, an out-
come central to Bleakley (2007).1° And since different censuses are sampled at different densities,
pooling them unweighted would introduce imbalances. Bleakley (2007) does not mention using
sampling weights.

3.3 Differences among specifications

Nearly all the Bleakley (2007) results appear in tables and figures. Naturally, the specifications
behind these displays vary in certain respects. The differences generate some minimally arbitrary
robustness tests: distinctive choices in one display can be copied to others.

The Bleakley (2007) figures and tables are listed here in Table 2. The internal differences re-
vealed by perusing that table are of two sorts. Some are in a sense presentational. For example,
using SCS regressions, Bleakley (2007)’s Tables II and III examine impacts on school enrollment,
full-time school attendance, and literacy, with and without various control sets. The parallel Figure
IT looks only at one outcome, enrollment. And it does so without including any extra controls. In
contrast, the corresponding RC figure, Figure III, depicts runs with and without controls. Generat-
ing the “missing figures” implied by these contrasts—for all three SCS outcomes, with and without
full controls—does not appear to raise major substantive issues, and is done below.

A deeper fissure separates Bleakley (2007) multicensus RC results—in Figure III and Table VI—
from the rest of the paper. For these displays, the underlying analysis is run on aggregate data rather
than microdata. And, more significantly, the samples are restricted to white men, whereas all the
other Bleakley (2007) analysis include blacks and women.!! Whether these restrictions best serve
estimation and inference is not merely a question of presentation. The next section discusses the
issue more. The expanded-data results reported below do add blacks and women to the multicensus
RC regressions, while graphs in the appendix examine robustness of the new findings to not adding
them.

9The Preston 1-in-760 sample is available at usa . ipums.org/usa/samples.shtml. The old 1910 sample is marked

within the newer 1.4% sample by the field SAMP1910.

10School enrollment was a “sample-line” variable in 1950, meaning that it was only collected for a fifth of individuals. For
these individuals, the sampling procedure is in fact flat, with a density of 0.2%. Schooling regressions reported here use the
IPUMS variable SELWT for 1950 data instead of the usual individual-level weighting variable PERWT.

HThese exclusions are easy to miss. The main text does not mention neither. The data appendices mention the restriction
to whites in one place. In January 2018, Hoyt Bleakley pointed me to the working paper version, Bleakley (2006), which
has little search engine presence but does document both exclusions.
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3.4 On identification in Bleakley (2007)

The Bleakley (2007) treatment proxy, H; x Exp, is the product of two factors, one geographic, one
temporal. The geographic factor, initial hookworm infection prevalence, is not credibly exogenous.
Within the South—the sampling region for the SCS regressions—low- and high-hookworm areas
differed systematically. Bleakley writes:

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 those from the piedmont or mountain
regions. (p. 79)

As a result, low- and high-hookworm areas may have differed in other respects too—in crops his-
torically grown; in suitability for the peculiar institution of slavery; in wealth, inequality, and ed-
ucation. It would also not be surprising if the economic importance of these historical differences
dwindled over the long study period embraced here, as agriculture’s share in the economy shrank.

That brings us to the second factor in H; x Exp,, which is temporal. As a source of identifi-
cation, Exp can be more credibly exogenous than H, but more so at the scale of the decade than
the century. That hookworm was beaten back between, say, 1850 and 1950 is a marker for the
scientific revolution occurring during this time, and thus for many developments not fully con-
trolled for in the Bleakley (2007) regressions. That sharp progress occurred against the disease in
the early 1910s rather than five years before or after is more an accident of history. This is why
the most compelling evidence that can emerge from the Bleakley (2007) analysis would be not
merely of long-term convergence in schooling or future occupational standing. Rather, in the spirit
of regression discontinuity and regression kink designs, the most compelling evidence would be of
acceleration and deceleration in such convergence coinciding with the eradication campaign.

This observation—of the primacy of short-term effects—generates several implications for the
reanalysis carried out here.

First, it tends to challenge the Bleakley (2007) exclusion of blacks and women from the mul-
ticensus RC regressions, the ones that estimate impacts on career-averaged occupational standing.
Bleakley (2007) does not motivate the exclusions. However, Bleakley (2010) does explain the re-
striction to whites in nearly the same analytical context, studying malaria rather than hookworm
eradication:

I focus on US whites for several reasons. First, only a small proportion of blacks lived
outside of the most malarious states among the earlier cohorts, which means that they
make for an imprecisely measured point of comparison. Second and more importantly,
that same population of blacks was less likely to have been enslaved, which means
that they make for an inappropriate control group for those blacks born into slavery
in the malarious south. The estimates reported below (for whites) are similar to those
obtained if I include native blacks in the base sample. Estimates using blacks only,
however, are imprecise and sensitive to control sets employed.

In a corrigenda, Bleakley (2018) clarifies that women were excluded for similar reasons. The role
of both these large demographics in the labor market changed radically in the 1870-1990 span of
the multicensus RC data sets. Bleakley (2018) elaborates:
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there is a tradeoff here in the long-term analysis. Those people who were born
only a decade or two apart are more likely to be comparable to each other, but unlikely
to be useful in sorting out the cross-cohort timing of income convergence. I made the
judgment call that this comparability problem was too severe in the case of blacks be-
cause of enslavement at the outset of the sample, their distinct regional distribution over
time, and later the effects of the increasing integration of blacks into the mainstream
economy.

But if evidence of shorter-term changes is most potentially compelling, as argued here, then infer-
ence is better served by making this tradeoff oppositely. The preferred specifications presented here
include blacks and women in order to increase statistical power to detect shorter-term changes. (In
practice, just as reported in the Bleakley (2010) quote above, this demographic expansion does not
materially affect results.)

The second implication of the interest in shorter-term changes is to amplify a broader concern
about the Bleakley strategy of regressing century-scale time series on Exp, an indicator whose ac-
tivity is contained within a 19-year spell: it could generate spurious results. As an example, if
the century-scale trend in the schooling gap between historically low- and high-hookworm areas is
S-shaped, with the gap narrowing over many decades, then regressing it on the Fxp step function
could falsely assign explanatory power to the term. Controlling for time linearly or quadratically
may not suffice to remove the ambient S-shaped trend, since the parabola is a poor model for the
logistic curve. Increasing long-range comparability of samples by restricting to white men mitigates
this concern by reducing potential confounding. But, as already suggested, it does not eliminate the
concern because even among white men it is plausible that long-term trends operated that are not
removable by quadratic time controls. This worry thus pertains to all the tabulated regressions in
Bleakley (2007), since all control for time at most quadratically. The expansion carried out here, to
blacks and women, exacerbates the issue since their labor market experiences substantially evolved
for reasons separate from hookworm.

The third implication of the interest in shorter-term changes is a constructive response to the
concern just aired. It is an emphasis on methods that test for the “fingerprint” of the eradication in
the time dimension, often with graphical presentation. In reanalyzing Bleakley (2007), I search for
the fingerprint in three ways:

* One is to regress on the Exp step function while introducing controls for time polynomials up
to order five. This approach is implicitly pre-registered in that Bleakley also employs it, albeit
only detailing results up to order two.!2

* The second way, not pre-registered, does not add controls for time trends. Instead, it gener-
alizes the Exp step function to a piecewise-linear spline. Kinks are allowed only at the times
set, or most naturally implied, by Bleakley: 1910 and 1920 for the SCS regressions, which
have data only for census years; and 1891 and 1910 for the RC, those two dates bracketing
the period of rise in Exp. After fitting these models, I test whether the slope changes at each
kink, as it should under a step-like impact contour.

* The third way is a variant of the second, and is also not pre-registered. It seeks to compensate
for a limitation of the second, namely, the rigid and somewhat arbitrary pre-specification of

12Bleakley (2007) presents results for specifications up to order two, but footnote 25 reports testing up to order five.
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the two kink dates. In analogy with the Bai and Perron (1998) approach to searching for
structural breaks, it allows the two trend break dates in the linear spline model to vary along
with the other parameters, and simultaneously chooses all according to the least-squares
criterion. This method has the advantage of letting the data speak to where the structural
breaks occur. Its weakness is that is drawn to the most important breaks, regardless of whether
they occur when hookworm eradication could plausibly explain them. It is applied only to the
RC regressions, in which the data are finely enough resolved in the time dimension—annual
rather than decadal—to support a meaningful best-fit search for kink dates.

None of these approaches is obviously optimal, because all pre-specify a family of models in
the face of ignorance about the true model. But as a group, the approaches seem intuitive and
informative. And all embody the idea that the most persuasive evidence relates to timing.

4 Replication and reanalysis: Successive cross-section specifications

Recall that the successive cross-section (SCS) design groups observations by census round and place
of residence. Place of residence is resolved to the state economic area, which is a cluster of counties.
Coverage is confined to 11 states in the American South. The exposure variable Exp is a dummy
for censuses fielded after the eradication campaign of the early 1910s.

4.1 Replicating Bleakley (2007) Tables I-1V: Short-term impacts on children and
adults

Table 3, below, follows the format of Bleakley (2007) Table I in order to compare the original and
reconstructed data sets on first and second moments. The table contains three pairs of columns,
the first for the whole sample, and the second and third for low- and high-prevalence subsamples,
demarcated by a child infection rate of 40%. Within each pair of columns, the first is copied from
Bleakley (2007) Table I while the second is computed from the reconstructed data set.

Overall, the original and new SCS data sets appear to match well. For the whole sample, the
mean and standard deviation of the baseline infection rate match almost exactly, as do census-
sourced variables such as school enrollment and population black. The match is poorer for the vari-
able “Individuals treated at least once,” but this variable is not used in the analysis. The last four
variables, relating to education, were hardest to reconstruct, because they come from periodic state
government reports with diverse formats and reporting conventions, and because Bleakley (2007)
does not precisely document which editions are used. So it is not surprising that the matches for
them are also less precise—even if still broadly reassuring. The reconstructed data set includes two
more SEAs, both of which fall into the below-40% subsample. All the discrepancies are hard to
explain without access to the original data and code.

In similar fashion, Table 4 replicates the first set of Bleakley (2007) SCS estimates, from the
original’s Table II. Each cell reports the coefficient on H; x Exp, in a distinct regression. The first
column pair in panel A also compares on sample size, taking the original’s observation counts from
the Bleakley (2002) job market paper.

For the 1910-20 difference-in-differences specification, in the first row of Table 4, the replica-
tion again matches well. Here, with reference to (1) above, the individual-level demographic traits
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z are all interactions between, on the one hand, sex and race dummies and, on the other, Exp and
a continuous age variable. Time and SEA dummies are included, but the additional control set,
x, is empty. The next two rows, the remainder of Panel A, also present reasonable matches. Of
these, the first expands the sample to 1900-50. Literacy is dropped as an outcome because it is not
available in the census after 1920. The next row further controls for SEA-specific linear time trends.

In panel B of Table 4, the matches start to degrade as the specifications become more demand-
ing. All these specifications retain the SEA-specific time trends, except in the literacy regressions,
where lack of data for 1930-50 reduces the number of time periods. The first row of the panel
introduces state x post-treatment fixed effects to control for state-level policy shocks. The next row
goes further to mitigate mean reversion, controlling for the interactions between statex Fxp and
the 1910 state-averaged value of the dependent variable. The last row of Table 4 makes the most
radical changes to the specification, and yields the poorest matches—for reasons that are, again,
hard to determine. As in the RC regressions, the sample expands to the entire country and baseline
infection is observed in the state of birth rather than the SEA of residence. The mean reversion
control is retained. The new estimates are effectively indistinguishable from 0.

Bleakley (2007) Table III tests the results in Table II for robustness to additional controls, and
explores demographic heterogeneity. To further assess and document the quality of match between
original and replication data sets, these regressions are reconstructed and reported in Table 5 be-
low. Most of the new results broadly corroborate the originals. The greatest difference appears in
panel B, which adds more controls. Including the full set of controls for health, education, race,
agriculture, and parental background erases the suggestion of impact on school enrollment and
literacy (last row of panel B), but not on full-time school attendance.

Last among the SCS tables, Table 6 replicates Bleakley (2007) Table IV, which checks for impacts
on adult outcomes: literacy, labor-force participation, occupational income score (OIS), and urban
residence. (OIS is a proxy for income: it is the median income, in 1950, for a person’s reported
occupation, expressed in hundreds of 1950 dollars.) The design is again difference-in-differences,
using 1910 and 1920 census data. Bleakley (2007) finds no robust suggestion of impacts on any of
these outcomes. This negative finding fits the hookworm impact theory in that adults were infected
much less than children, and stood to benefit much less from eradication. By the same token, it
weakens competing explanations for the original’s findings of impacts on children. If factors such
as migration and income changes somehow caused the apparent impacts on children, they would
tend to affect adults as well. The replication results largely line up with the original ones, except
that now there is an association with gains in adult literacy (first row of Table 6).

The replication of SCS regressions provides some assurance that the old and new regressions
are similar in data and method. Some discrepancies are to be expected since IPUMS is continually
improving its existing census data sets and since the original Bleakley (2007) data and code are
inaccessible. By and large, the original results are recognizable in the reconstructions. While the
new data set, like the original, presumably contains some undetected errors, it has the virtue of
being publicly accessible.
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4.2 Replicating and reanalyzing Figure II: Short-term impacts on children

Having replicated the tabulated SCS regressions to assess the match between old and new, we turn
next to graphical analysis of the same data. Bleakley (2007) includes a single plot based on SCS
regressions. It corresponds to the upper left result of Table II in the original and Table 4 here, and
is derived by separately fitting (2) to the data from each census round in 1900-50. The dependent
variable is school enrollment. Only demographic controls are included. As foreshadowed, I work
to replicate that graph and then introduce four innovations:

* Rendering it for the other SCS outcomes, in analogy with Bleakley (2007) Figure III.

* Also rendering it while including the full control set, again in analogy with Bleakley (2007)
Figure III.

* Using the larger IPUMS samples.

* Applying several tests for the presence in the time series of a step contour of the form postu-
lated in Bleakley (2007).

The attempted replication of Bleakley (2007)’s Figure II appears in the upper-left pane of Figure 1,
below. The blue dots are point estimates and the vertical grey bars their 95% confidence intervals.
Shading within the bars indicates gradations in confidence.!® Standard errors are clustered by the
census year-SEA combination.'* Consistent with Bleakley (2007) Figure II, the cross-sectional asso-
ciation between baseline hookworm burden and school enrollment rises between 1910 and 1920,
and more rapidly than in the periods on either side. However, while the deceleration in 1920 is
sharp and statistically significant, the acceleration in 1910 is less certain. The null hypothesis that
the 1900-10 slope equals the 1910-20 slope is rejected by a two-tailed ¢-test only at p = 0.36, while
the analogous test around 1920 returns 0.04. In the plot, red line segments are drawn to indicate
the focus on these two tests and the p-values just quoted appear at the bottom. In sum, in the
replication, it is not clear that the schooling catch-up in historically hookworm-burdened parts of
the South accelerated with eradication.

The rest of the first row of Figure 1 moves to the other Bleakley (2007) human capital outcomes.
For full-time school attendance, both slope changes are statistically significant, and in the predicted
directions. On the other hand, the 1910-20 literacy trend shows no break with the past. (Lack of
data prevents checking for a literacy deceleration around 1920.)

The second row of Figure 1 adds Bleakley (2007)’s full control sets. As in Table 5, panel B, row
3, this destroys most suggestion of an impact on schooling and literacy. The sharp trend reversal
in 1910 for full-time school attendance may explain why the corresponding regression in that table
row returns a statistically significant coefficient.

Next, I update Figure 1 with the expanded IPUMS samples, yielding Figure 2. The graphs now
tell a more consistent story: the association between historical hookworm prevalence and school-
ing did rise between 1910 and 1920, and rose less in 1920-30—indeed, fell. The decelerations

13The Bleakley (2018) corrigenda confirms that the confidence level in the original is also 95%.
14The “demographic controls” referred to in the caption of Bleakley (2007) Figure II are taken to be those listed in the
caption for Table II: “age, female, female x age, black, and blackx age.”
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around 1920 are generally statistically significant (p = 0.10,0.17,0.06,0.07 for school enrollment
with and without full controls and full-time school attendance with and without full controls). But
the rises in 1910-20 did not break from the preceding decade (p = 0.87,0.94,0.43,0.68 for the
schooling outcomes just mentioned; p = 0.88 for literacy without controls and p = 0.17 for a bend
the “wrong” way for literacy with controls).

In the Appendix, I treat in the same way the contemporaneous adult outcomes studied in Bleak-
ley (2007) Table IV, and replicated above in Table 6. (See Figure Al.) The results corroborate
Bleakley (2007)’s difference-in-differences findings of little apparent impact. Although the replica-
tions in Table 6 differed in suggesting an impact on adult literacy, the graphs suggest that this gain
continued a pre-existing trend (right end of Figure Al).

Last, I perform time series variants of these regressions. These add little insight, but are included
since they were pre-registered. I split the samples in two, by whether an SEA’s baseline prevalence
exceeded 40%—just as in Bleakley (2007) Table 1. Within these low- and high-prevalence subsam-
ples, I fit:

Yije = Bt + 2,00 + Xye + €ije (3)

x is empty in the basic specification and holds all the cross-sectional variables in the full-controls
specification. These specifications are motivated by the idea that pure time series evidence of sharp,
appropriately timed gains in schooling and literacy would strengthen the attribution to the erad-
ication campaign. In fact, we find similar trends in both groups. (See Figure A2, which uses the
expanded data set for precision.)

Overall, the replication and extension of Figure II substantially weaken the case that hook-
worm eradication boosted human capital investment in children. The relative gains in historically
hookworm-burdened areas during 1910-20 appear to have continued pre-existing trends.

5 Retrospective cohort specifications

As explained in section 2, the RC specifications group census observations by state and year of birth.
The geographic coverage expands from the South to the continental United States. The exposure
variable Fxp now takes the step function form with respect to birth year, holding flat at 0 through
1891, rising linearly through 1910, then flattening again. Each tabulated RC regression in Bleakley
(2007) takes data from a single census. The corresponding figure fits to data from many censuses
at once.

Since the controls are all observed at the state level, the primary sources are more consistent
and complete than some of the sources of county-level information for the SCS regressions. Still,
ambiguities surface here too, which again impede exact reconstruction of the analysis data set.
Several education variables take data from federal reports for “circa 1902-32,” so the original and
reconstructed data sets may use different editions. I could not see how to construct one control,
male employment in 1930, from the cited source, ICPSR (1984), so I turned to the primary source,
as instantiated in the 1930 IPUMS 100% census sample.!®

I5ICPSR (1984) offers the unemployment denominator V131, “number of gainful workers” in 1930, but this is not subdi-
vided by sex.

14



International Journal for Re-Views in Empirical Economics - IREE

5.1 Replicating Table V: Single-census retrospective cohorts

Bleakley (2007)’s single table of RC regressions, Table V, is replicated below in Table 7. It assesses
impacts on three outcomes: log earnings and years of schooling as reported in the 1940 census;
and adult literacy as reported in the 1920 census. Earnings and schooling regressions are restricted
to ages 25-60. Earnings reported in 1940 are for 1939. In the original, the notes to the table state
that the literacy regressions are restricted to ages 16-60 while the appendix (p. 108) gives 15-45.
I use the latter. As in the original, all regressions are run without a mean-reversion control (odd
columns) and with (even columns); this control is the product of age and a state-level measure of
farm-worker wages in 1899 (Lebergott 1964).

The new results provide some reassurance as to the quality of the RC data set replication.
As in the original, the coefficients on the treatment terms are generally positive and statistically
significant in the earnings regressions and exhibit no consistent pattern in the schooling regressions.
However, the match is poorer for adult literacy, for which the replication finds less significance for
treatment, at least when including the mean-reversion control.

5.2 Replicating and reanalyzing Figure III and Table VI: Multicensus retrospective
cohorts

The last displays in Bleakley (2007), Figure III and Table VI, take the longest view. Unlike Table V,
just replicated, they aggregate data from many censuses between 1870 and 1990. Observations are
still identified by state and year of birth.

The multicensus RC regressions assess impacts on two IPUMS-provided measures of occupa-
tional standing. These are taken to proxy for income, a concept the Census Bureau did not begin
directly measuring until the mid-20™ century. Both proxies are constructed from variables that are
available for all the rounds used here. The occupational income score (OIS), introduced in section
4.1, is an income index based on reported occupation. Duncan’s (1961) socioeconomic index (SEI)
blends into the OIS information about educational attainment.

Like Bleakley (2007) Figure II for the SCS regressions, Bleakley (2007) Figure III shows how
the cross-sectional association between baseline prevalence and the outcomes of interest varies over
time. Bleakley (2007) constructs the figure as follows:

1. The microdata sample is restricted to observations of white males aged 25-60.

2. Within each birth-year cohort between 1825 and 1965, dummies for each census year—or,
equivalently, age—are partialled out of the occupational standing indicators.'®

3. The two occupational standing indicators are then averaged within birth year-birth state—census
year cells, producing a three-dimensional panel.

4. Within each birth cohort, the two outcomes are regressed on H while controlling for the 1899
farm wage indicator, a South dummy, and sometimes other state-level variables.

16Bleakley (2007) describes the process as partialling out dummies for each census year-birth year combination within
the full sample, which is also equivalent.
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5.

The resulting 141 coefficient estimates for H, 3;, are plotted in Bleakley (2007) Figure III.}7
Then, in Bleakley (2007) Table VI, they are subject to time series analysis to assess whether
Exp is a strong explanator. Observations are weighted by the square roots of the cell sizes in
step 3.

I make several comments on this methodology, the last of which seems most consequential:

The census year fixed effects are more properly partialled out of all the regressors, not just
the dependent variables. In principle, failure to partial them out of the right-side variables
can cause the explanatory power of the fixed effects to load onto the other variables in OLS
regressions. In practice, this matters little because the other variables are cross-sectional, and
so are nearly orthogonal to the census year effects.'®

Aggregating the data before the main analysis prevents controlling for micro-level demo-
graphic traits, which the other Bleakley specifications all do. This is relevant if one expands
the sample to women and blacks, as I do below. (Age effects are essentially removed by the
partialling-out of census year effects within each birth cohort in step 1.)

While weighting by the square root of cell size is evidently meant to improve efficiency by
counteracting heteroskedasticity, theory favors weighting simply by cell size. In general,
weights are efficient if inversely proportional to error variance, as in Aitken’s generalized
least squares estimator. And here the variances of the 3, can be expected to be inversely
proportional to the samples sizes in each cell.

Three of the five time series specifications reported in Bleakley (2007) Table VI include au-
toregressive terms: past 3, are taken as determinants of the current 3;. While this makes for
an intuitive robustness test, the specification does not seem grounded in theory. It is hard to
see how the cross-sectional association within one birth cohort between historical hookworm
burden in the state of birth and future occupational standing would causally affect that asso-
ciation in the next cohort. I make this point less to criticize the autoregressive specifications
than to help justify dispensing with them in the reanalysis. The multi-step autoregressive
modeling is incompatible with the consolidated OLS approach taken below, which estimates
the parameters of interest in a single step.

The estimation proceeds in three econometric steps—numbers 2, 4, and 5 above—but the
imprecision in the first two is not factored into the final one. The time series analysis, though
weighting to adjust for the variances of f3;, still conditions on them as if they were observed
without error.

As emphasized in section 3.4, the approach is vulnerable to a spurious regression problem. If
the null of no impact from eradication holds, yet long-term convergence occurred, then the
regressions could wrongly bestow explanatory power on the eradication campaign. Recogniz-
ing the issue, Bleakley (2007) reports time series results that include autoregressive terms as
well as polynomial time trends up to order 2. Yet neither tactic obviously suffices. Noise in

17Bleakley (2007) symbolizes the coefficients 3.

18They are not exactly orthogonal because the cross-state distribution of the sample varies somewhat from census to census
within each birth cohort. The 1920 census, say, could have a higher preponderance of people born in 1890 in historically
low-prevalence states than the 1910 census, making H slightly correlated with the census year fixed effects within the 1890
birth cohort.
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the data drives the coefficients on the autoregressive terms toward zero. The ambient trend
may not be well modeled as quadratic.

Only the penultimate of these concerns was pre-registered. (See section 3.1.)

After reconstructing the original figure and time series regressions, I implement an alternative
approach designed to remove or address the above critiques.'® The alternative starts by copying a
practice in the rest of Bleakley (2007), which is to directly fit to microdata. To compute the individ-
ual Bt, I fit (2), above, to each birth cohort’s microdata. In fact, I consolidate all these regressions
into a single, full-sample regression in which the birth year dummies 4, are interacted with all other
right-side variables. This unification facilitates clustering the standard errors by birth state, across
cohorts, to adjust for serial correlation.

Then, to explore the ability of the hookworm eradication campaign to explain the j3,, I alter the
specification. In particular, I estimate three versions of the full sample model (1), as outlined in
section 3.4. The first echoes Bleakley (2007), Table VI, in controlling for polynomial trends in time.
With reference to (1), the novel controls inserted in z are:

{H; xt"}r—0,.. . a 4

where d ranges up to 5 since Bleakley (2007), note 25, reports testing up to that order.

To assess the incremental modeling value of higher-order polynomial terms, I compute and
report Schwarz’s Bayesian information criterion (BIC) for each fit. For OLS, the BIC is

BIC =kInN + N(1+1In7 + In MSE) (5)

where k is the number of modeling parameters; NN is sample size; the circle constant 7 is twice 7;
and MSE is the mean squared error. The application of the BIC is complicated here by the assump-
tion that errors are not homoscedastic, and rather are clustered, which implies that the normal
likelihood model on which the BIC is based is not accurate. In particular, plugging in the full sizes
of the microdata samples for N may misleadingly reward increasing the model parameter count:
unsurprisingly, the larger is N the more the BIC will endorse additional parameterization. So, in
the spirit of time series modeling in Bleakley (2007), to compute the BIC I view the model as being
for the Bt, of which we have 141 observations, from 1825 to 1965. I set N to 141.2° This choice is
conservative from the standpoint of this paper’s conclusions, since it raises the bar for adding poly-
nomial terms that may outcompete Exp. For the same reason, I avoid use of the Aikake information
criterion, since it puts a smaller penalty on adding terms, replacing kIn N in (5) with 2k.

The second model used to study the explanatory power of Exp dispenses with time trend con-
trols. Instead, it introduces three linear spline terms, which generalize Exp to a piecewise-linear
contour with two kinks. The kinks occur on the same dates as in Bleakley (2007)’s Exp function,

191 initially implemented a bootstrapping approach, in which the combined zeroth and first stages served as the basis for
wild bootstrap data generating process. I dropped this after realizing that it could not simulate the AR() processes in the
final stage and that for models without AR() terms, the omnibus OLS approach was appropriate, provided it could be made
computationally practical.

201 set k to the number of parameters in the polynomial model of primary interest, not counting the demographic and
other controls. Since this choice is the same for all models, it does not affect the cross-model BIC comparisons.
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which are 1910, the nominal campaign start date, and 1891, 19 years before. Since Bleakley (2007)
gives Fxp a 19-year ramp-up, I give the “before” and “after” segments of the spline—the ones we
imagine to be flat—19 years as well. To be precise, the “fixed spline” model replaces H; x Exp, in
(1) with three terms:

H; x t, H; x min(0, ¢ — 1891),and H; x min(0, ¢ — 1910) 6)

where min(-) is the minimum function and ¢ is birth year. The sample is restricted to the 3 x 19 = 57
birth years between 1872 and 1929. This facilitates testing of whether slope changes occurred in
1891 and 1910 dates, as predicted by a literal reading of the Bleakley (2007) impact model.

A disadvantage of the fixed spline model is that it chooses the kink dates of 1891 and 1910 a
priori. Yet those dates come from an impact model that, while reasonable, could be inaccurate, as
Bleakley (2007) points out. For this reason, the last modeling approach estimates kink points from
the data, using a mean squared error criterion, much as in the Bai and Perron (1998) approach
to identifying structural breaks.?! This “flexible spine” model allows exactly two kink dates. The
search is exhaustive: all possible pairs of dates are tried when fitting the model to the 1825-1965
data. The method does not easily support formal inference with respect to the kink dates since they
are discrete parameters. And, as noted earlier, the model may be drawn to large structural breaks
whose timing could not be explained by hookworm eradication. Still, the results are informative as
to whether trend shifts in the hookworm eradication era are major features of the historical record.

To start the application, Figure 3 attempts to imitate the original Figure III in data and method.
It only departs substantively in adding (95%) confidence intervals for point estimates. Unlike in
Bleakley (2007), the Exp step function is not superimposed on the plot. But dashed vertical lines
show where it kinks. The original’s patterns of dots are recognizable, even if they do not come
through exactly.

Following the narrative thread in Bleakley (2007), Table 8, below, seeks to replicate Bleakley
(2007) Table VI. It reports time series regressions on the dots in Figure 3. The first row of results is
for the SEI regression without full controls, and corresponds to the upper left of Figure 3. The next
row is for the bottom-left of Figure 3. And so on. Once more, while the matches are inexact, they
are broadly corroborative.

Next, Figure 4 updates Figure 3 by fitting to the expanded data set. Recall from Table 1 that the
expansion adds 1860 and 1930 census data and enlarges samples for other years. And, as discussed
in section 3.4, it adds blacks and women in order to increase power to detect decade-scale changes.
In light of the increased diversity of the sample, all the demographic controls in the Bleakley (2007)
single-census RC regressions involving race and sex are included here too.

The data expansion improves the signal-to-noise ratio. The increased stability is obvious from
a cursory comparison of Figure 3 and Figure 4, and becomes even clearer after one notes that the
vertical ranges on the new graphs are narrower.

21The mean-squared error computation factors in sampling weights. The search is constrained to give each segment a
length of at least 10 years.
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Figure 4 confronts us with the paramount empirical question in the RC analysis: did the associa-
tion between baseline hookworm prevalence and future occupational standing rise at an historically
anomalous rate among the birth cohorts born in the run-up to eradication, between 1891 and 1910?
A gaze at Figure 4 suggests that the answer is “no.”

To formally test that interpretation, Figure 5, Figure 6, and Figure 7 present the results of fitting
the polynomial, fixed spline, and flexible spline models to the expanded microdata. All the figures
retain the dots from Figure 4 but drop the grey confidence intervals in order not to obscure the
model fits.

First, the polynomial fits examine how controlling flexibly for time trends affects the sign and
significance of the coefficient on the treatment proxy H x Ezp. In Figure 5, fits of the order-0
through order-5 models are drawn in orange, green, blue, red, purple, and brown, respectively. At
the base of the plots, p-values are given for the coefficient on H x Fxp, in the same order. In general,
models of cubic degree or higher rob the coefficient of much statistical significance, and in some
cases reverse its sign. These results are consistent with Bleakley’s report that “I have experimented
with higher-order polynomial trends and found no estimates of exposure that are statistically sig-
nificant for n < 5” (note 25). Yet the BIC favors cubic or quartic fits, as shown in the corresponding
Table 9, where BIC-preferred results are bolded.

The “fixed spline” model fits also do not support the hypothesis that the hookworm eradication
campaign affected future occupational standing. Figure 6 shows these results. As in the earlier
SCS graphs, red lines plot the trends of particular interest while p-values for slope changes at the
two chosen kink points are reported beneath. Across the four panes of the figure, the p-values for
a slope change at the first kink, between 1872-91 and 1891-1910, range between 0.33 and 0.69.
For the second kink, they range between 0.18 and 0.86, with the lowest p-value associated with
another bend in the theoretically wrong direction.

Finally, Figure 7 lets the data choose the two most important kink points in each 141-year time
series. None produces a pattern convincingly similar to Exp. In a robustness test, allowing four
kinks instead of two does not reverse this impression. (See Figure A3.) This does not prove that
the hookworm campaign left no imprint on the series in question. It does suggest that any imprint
is too modest to leave a compelling fingerprint. And it highlights the possibility that other factors
are at work over the long term that could be spuriously attributed to hookworm eradication.

The divergence in conclusion from Bleakley (2007) is not an artifact of adding blacks and
women to the multicensus RC samples. In the appendix, Table Al, Figure A4, Figure A5, and
Figure A6 repeat the foregoing exercise while restricting to white men. They too fail to generate
evidence for long-term impacts of the hookworm eradication campaign on occupational standing.

6 Conclusion

Bleakley (2007) identifies impacts from a variable that results from the interaction of two factors:
the geographic pattern of baseline hookworm burden and the timing the eradication campaign. The
first factor is not credibly exogenous since it is a marker for climate and geography, thus economic
history. The second can be taken as more exogenous, at least in the short term. Thus, given the
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priors I bring to this study, for it to produce strong evidence of impact from the campaign, it must
demonstrate historically anomalous changes in the outcomes of interest in the time dimension, and
that over a range measured in years rather than decades. And it must do so while credibly warding
off the possibility of spurious attribution of unrelated long-term dynamics.

In my view, none of the regressions in Bleakley (2007) specifies the model richly enough in the
time domain to produce such evidence. Most of them effectively fit to a step function while con-
trolling linearly for time. These models can easily generate misleading results when fit to a series
with long-term structure such as an S curve. The graphs in Bleakley (2007) appear to belie this
concern by demonstrating to the naked eye that the time series of interest are well modeled by step
functions. But those results appear fragile, especially to sample expansion.

Most of the revisions and tests on which I base the judgment of fragility were not pre-registered.
One exceptions is the set of tests controlling for polynomials up to order 5, which were implicitly
pre-registered since Bleakley too ran such regressions. That said, most of the innovations spring
from relatively natural sources: using the latest data sets from IPUMS, and copying choices from
specification to specification within the original paper.

Without access to the original data and code, we cannot determine to what extent the discrepan-
cies in the replication owe to errors in either version, to subtle differences in variable construction,
or to IPUMS revisions. However, the full data and code for this replication are posted. Unless the
original data and code become accessible, I believe that this new version should be taken as the
reference implementation of Bleakley (2007). Only it can be subject to the review and replication
that characterize science.
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Table 1: IPUMS Census Samples in Original and Ex-
panded Data Sets

Census year Original (estimated)  Expanded

1860 0% 1.2%!
1870 1% 1.2%
1880 1%/100%? 10%/100%?
1890 0% 0%
1900 0.13%/1%? 5%
1910 0.4% 100%3
1920 1% 100%3
1930 0% 100%
1940 1% 100%
1950* 0.2%/1%? 0.2%/1%?>
1960 1% 5%
1970 1% 1%
1980 5% 5%
1990 5% 5%

'Excludes slaves.

2Pairs of numbers refer separately to SCS and RC regres-
sions.

3For SCS literacy regressions, 1910 1.4% and 1920 1%
samples used instead.

4Data source is same for SCS and RC, but SCS dependent
variables (on schooling) only observed in a fifth of cases.
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Table 2: Displays in Bleakley (2007)

Disola Research Unit of Demographic Outcomes Tested with
play design  observation groups full controls?
Blacks & In school,
Tables II & III SCS Individual whites, in school full-time, Yes
men & women literate
Blacks &
Figure I1 SCS Individual whites, In school No
men & women
Blacks & in Elgzia;s;ce
Table IV SCS Individual whites, . . No
occupational standing,
men & women . L
lives in city
Blacks & Earnings,
Table V RC Individual whites, years of schooling, No
men & women literate
Occupational
Figure III, Birth year— . income score,
Table VI RC birth state White men Duncan’s socioeconomic Yes

index
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Table 3: Replication of Bleakley (2007) Table I: Summary statistics

By Hookworm Infection

Whole Sample >40% <40%

Original New  Original New  Original = New

0.320 0.333 0.554 0.559 0.164 0.176
(0.230) (0.226) (0.137) (0.135) (0.117) (0.117)

0.206 0.103 0.342 0.190 0.109 0.043
(0.205) (0.181) (0.199) (0.247) (0.147) (0.068)

Per School-Age Child
0721 0721 0711 0708 0729  0.729
School Enrollment, 1910 (0.104) (0.103) (0.099) (0.100) (0.108) (0.105)
Change in School Enrollment, 0.089 0.130 0.103 0.147 0.078 0.118
1910-1920 (0.080) (0.077) (0.090) (0.088) (0.072) (0.067)
. 0517 0519 0469 0481 0551  0.546

Full-time School Attendance, 1910 140)  (0.139) (0.123) (0.135) (0.141) (0.136)
Change in Full-time School 0203 0235 0246 0268 0172  0.212
Attendance, 1910-1920 (0.097) (0.095) (0.093) (0.103) (0.089) (0.083)
Literacy, 1910 0853  0.853  0.824 0822 0875  0.874

’ 0.104) (0.105) (0.101) (0.103) (0.102) (0.102)
0060 0061 0081 0084 0045  0.045
0.067) (0.069) (0.075) (0.079) (0.057) (0.056)
0357 0342 0410 0406 0318  0.298
0.221) (0.200) (0.208) (0.171) (0.223) (0.207)
0174 0177 0167 0172 0180  0.180
(0.200) (0.191) (0.214) (0.197) (0.223) (0.188)
5251 5490 5055 5191 5391  5.698
(1.066) (0.902) (1.042) (0.705) (1.068) (0.968)
0.195 0.143  0.142 0125 0233  0.155
(0.358) (0.055) (0.053) (0.039) (0.465) (0.062)

5.518 6.913 4.699 5.402 6.104 7.943
(4.037) (6.526) (3.159) (3.925) (4.496) (7.678)

c. 1910
. 1336 1.394 1397 1334 1203  1.436

Teacher-to-School Ratio, ¢. 1910 s'cacy  (0.479)  (0.505) (0.390) (0.572) (0.530)

Sample size 115 117 48 48 67 69

Hookworm-Infection Rate

Individuals Treated At Least
Once by the RSC,

Change in Literacy, 1910-1920
Population Black, 1910

Fraction Population Urban, 1910
School term, in Months, c. 1910

School per Square Mile, c. 1910

Value of School Property,
per Pupil, Current Dollars,

Variable means displayed with standard deviations in parentheses beneath. “Original” results copied from Bleak-
ley (2007) Table I. “New” results computed after reconstructing the data set from primary sources listed in
Bleakley (2007) appendices.
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Table 4: Replication of Bleakley (2007) Table II: Hookworm and human capital: Basic results

School enrollment Full-time Literacy
school attendance
Original New Original New Original New
Panel A: Basic results
Include
SEA-specific

Census years time trends?

0.0883***  0.0986***  0.1591*** 0.1670*** 0.0587***  0.0675***
1910-1920 No 0.0225)  (0.0223)  (0.0252)  (0.0243)  (0.0186)  (0.0174)
Observations 64676 65396 65396 49476 50028

0.0608** 0.0724***  0.1247***  (0.1188***
1900-1950 No (0.0261)  (0.0230)  (0.0286)  (0.0237)
Observations 140161 141329 141329

0.0954%**  0.1087*** 0.1471%** 0.1618***
1900-1950 Yes (0.0233)  (0.0294)  (0.0287)  (0.0346)
Observations 140161 141329 141329
Panel B: Effects within and between states
Include state x Post 0.1313%%*  0.1231%%*  0.2144%**  0.2050%**  0.0417**  0.0511%**
dummies (0.0245) (0.0338) (0.0290) (0.0342) (0.0207) (0.0188)
Observations 141329 141329 50028
Allow for state-specific 0.1148***  0.1103***  0.1813*** 0.1962***  0.0408** 0.0200
mean reversion (0.0265) (0.0407) (0.0312) (0.0364) (0.0206) (0.0190)
Observations 141329 141329 50028
Use infection from state 0.0489 0.0712 0.2057*%** 0.0931 0.0907** -0.0437
of birth instead of SEA (0.0504) (0.0738) (0.0765) (0.1556) (0.0451) (0.0417)
Observations 665263 665263 185943
Census years 1900-1950 1900-1950 1910-1920
Include SEA-specific

Yes Yes

time trends?

“Original” results copied from Bleakley (2007) Table II. “New” results computed after reconstructing the data set from primary
sources. New regressions weighted by IPUMS-provided sampling weights. Standard errors in parentheses, clustered by state
economic area, except in the last row, where they are clustered by state. Where reported, sample sizes from original are from
Bleakley (2002), Tables III & VI. Standard errors in parentheses, clustered by state economic area, except in the last row, where
they are clustered by state. *p < 0.1. **p < 0.05. ***p < 0.01.
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Table 5: Replication of Bleakley (2007) Table III: Sensitivity tests and results for subgroups

Full-time

Full-time

School enrollment, School enrollment, Literacy,
1900-50 1910-20 school attendance, school attendance, 1910-20
1900-50 1910-20
Original New Original New Original New Original New Original New
Panel A: Baseline results
Baseline 0.0954%** 0.1087%** 0.0883*** 0.0986%** 0.1471%** 0.1618%** 0.1591%** 0.1670%** 0.0587%** 0.0675%**
(0.0233) (0.0294) (0.0225) (0.0223) (0.0287) (0.0346) (0.0252) (0.0243) (0.0186) (0.0174)
Observations 140161 141329 64676 65396 141329 65396 49476 50028
Panel B: Specifications with additional controls
Health & 0.1200%** 0.1146%** 0.1187%** 0.1162%** 0.1628%** 0.1540%** 0.1646%** 0.1423*** 0.0724%** 0.0679%**
health policy (0.0291) (0.0371) (0.0262) (0.0223) (0.0355) (0.0374) (0.0294) (0.0242) (0.0233) (0.0212)
Observations 131662 61285 131662 61285 46894
Education & race 0.1235%**  0.0999***  0.0793***  0.0548***  0.1851***  0.1684***  0.1581***  0.1317***  0.0556%** 0.0377**
(0.0208) (0.0275) (0.0208) (0.0169) (0.0247) (0.0308) (0.0250) (0.0217) (0.0171) (0.0162)
Observations 140154 64900 140154 64900 49645
Full controls 0.1014%** 0.0256 0.0850%** 0.0029 0.1408%** 0.0909** 0.1026%** 0.0553** 0.0513** -0.0160
(0.0349) (0.0416) (0.0224) (0.0221) (0.0421) (0.0393) (0.0325) (0.0229) (0.0213) (0.0220)
Observations 131062 61027 131062 61027 46695
Panel C: Demographic subgroups
Preteens 0.0932%** 0.0972%** 0.0890%** 0.1015%** 0.1416%** 0.1458%** 0.1549%** 0.1679%** 0.0912%** 0.0978%**
(0.0255) (0.0318) (0.0242) (0.0227) (0.0302) (0.0361) (0.0266) (0.0242) (0.0253) (0.0231)
Observations 80711 38007 80711 38007 22639
Adolescents 0.0986%** 0.1312%** 0.0877%** 0.0977%** 0.1573*** 0.1905%** 0.1682%** 0.1694*** 0.0323* 0.0438***
(0.0280) (0.0369) (0.0282) (0.0284) (0.0336) (0.0434) (0.0295) (0.0295) (0.0165) (0.0167)
Observations 60618 27389 60618 27389 27389
Blacks 0.2299***  0.1819***  0.1838***  0.1612***  0.2601***  0.2207***  0.2205***  0.1956***  0.1078***  0.1197***
(0.0399) (0.0533) (0.0337) (0.0335) (0.0399) (0.0550) (0.0320) (0.0328) (0.0374) (0.0361)
Observations 46464 22824 46464 22824 17528
Whites 0.0378 0.0878%*** 0.0270 0.0553** 0.1103*** 0.1589%** 0.1169%** 0.1419%** 0.0264* 0.0284**
(0.0237) (0.0306) (0.0267) (0.0269) (0.0294) (0.0339) (0.0294) (0.0275) (0.0139) (0.0129)
Observations 94865 42572 94865 42572 32500

“Original” results copied from Bleakley (2007) Table III. “New” results computed after reconstructing the data set from primary sources listed in Bleakley (2007)
appendices. 1900-50 regressions include SEA-specific time trends, in accordance with the original’s equation 2. 1910-20 regressions do not, in accordance with the
original’s equation 1. New regressions weighted by IPUMS-provided sampling weights. Standard errors in parentheses, clustered by state economic area. Where
reported, sample sizes from original are from Bleakley (2002), Tables III & VI. Standard errors in parentheses, clustered by state economic area. *p < 0.1.
*p < 0.05. **p < 0.01.
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Table 6: Replication of Bleakley (2007) Table IV: Contemporaneous effect on adult outcomes

Sample: Whole Male Female White Black
Original New Original New Original New Original New Original New
Literac 0.0062 0.0266***  -0.0107 0.0171%* 0.0203 0.0374*** 0.0107 0.0132 -0.0014  0.0450%***
y (0.0095) (0.0077) (0.0108) (0.0098) (0.0127) (0.0097) (0.0112) (0.0100) (0.0229) (0.0165)
Observations 97187 98373 49530 48843 65763 32610
Labor-force -0.0069 -0.0106 -0.0069 -0.0075 -0.0056 -0.0095 -0.0212* -0.0271** 0.0036 0.0160
participation  (0.0134) (0.0111) (0.0065) (0.0057) (0.0284) (0.0256) (0.0124) (0.0104) (0.0249) (0.0196)
Observations 97778 98373 49530 48843 65763 32610
Occupational 0.0526 0.2633 -0.0186 0.4569 0.0581 -0.3106 0.0855 0.6591 0.0224 -0.2146
income score  (0.2836) (0.3234) (0.4912) (0.3870) (0.4163) (0.5248) (0.3903) (0.5319) (0.3861) (0.2937)
Observations 60816 48289 12527 37024 23792
Lives in 0.0157 0.0072 0.0030 0.0031 0.0280 0.0111 0.0199 0.0019 0.0132 0.0182
urban area (0.0172) (0.0119) (0.0190) (0.0143) (0.0177) (0.0131) (0.0226) (0.0172) (0.0245) (0.0194)
Observations 98373 49530 48843 65763 32610

“Original” results copied from Bleakley (2007) Table IV. “New” results computed after reconstructing the data set from primary sources listed
in Bleakley (2007) appendices. New regressions weighted by IPUMS-provided sampling weights. Where reported, sample sizes from original

are from Bleakley (2002), Table VII. Standard errors in parentheses, clustered by state economic area. *p < 0.1. **p < 0.05. ***p < 0.01.
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Table 7: Replication of Bleakley (2007) Table V: Long-term follow-up based on intensity of exposure to the treatment campaign

Dependent Log earnings, Years of schooling, Literacy status,
variables: 1939 1940 1920
Control_ fof No No No Yes
mean reversion:
Original New Original New Original New Original New Original New Original New
Panel A: Main results
Independent variables
Hookworm
infection rate X 0.0286%** 0.0154%** 0.0234* 0.0197** -0.0243 -0.0119 0.0037 0.0326 0.0158%** 0.0065%** 0.0115%** 0.0028
Years of (0.0066) (0.0056) (0.0093) (0.0092) (0.0328) (0.0276) (0.0357) (0.0380) (0.0019) (0.0017) (0.0020) (0.0024)
exposure
Observations 257525 256806 537272 536029 407171 406200
Panel B: Changing returns to schooling
Independent variables
Hookworm
infection rate X 0.0254***  0.0161***  0.0219***  (0.0189***
Years of (0.0044) (0.0029) (0.0063) (0.0049)
exposure
Hookworm
infection rate X
Years of 0.0023%** 0.0024%*** 0.0022** 0.0024***
exposure X (0.0009) (0.0007) (0.0009) (0.0008)
Years of
schooling
Observations 257525 256806
Panel C: Estimates of hookworm x exposure for demographic subgroups
Subsamples
Males 0.0265%** 0.0119** 0.0253*** 0.0207** -0.0690** -0.0492* -0.0376 -0.0035 0.0108*** 0.0010 0.0083***  —0.0034*
(0.0056) (0.0049) (0.0080) (0.0086) (0.0326) (0.0263) (0.0347)  (0.0361) (0.0018) (0.0015) (0.0019) (0.0019)
Observations 189936 189491 266844 266275 201776 201344
Females 0.0322%** 0.0259** 0.0157 0.0168 0.0200 0.0250 0.0444 0.0684 0.0209%** 0.0118%** 0.0148%** 0.0087**
(0.0115) (0.0111) (0.0165) (0.0159) (0.0338) (0.0296) (0.0385) (0.0435) (0.0027) (0.0022) (0.0030) (0.0033)
Observations 67589 67315 270428 269754 205395 204856
Whites 0.0293***  0.0153*** 0.0232%* 0.0186* -0.0110 -0.0008 0.0164 0.0436 0.0131***  0.0048***  0.0086%*** 0.0002
(0.0071) (0.0057) (0.0103) (0.0103) (0.0345) (0.0282) (0.0378) (0.0392) (0.0022) (0.0014) (0.0020) (0.0018)
Observations 227863 227359 480376 479501 358048 357414
Blacks 0.0220%** 0.0159* 0.0253** 0.0289%** 0.1013***  —0.0799** 0.0133 0.0253 0.0314%** 0.0147%** 0.0262%** 0.0119*
(0.0072) (0.0086) (0.0103) (0.0099) (0.0387) (0.0371) (0.0461) (0.0561) (0.0065) (0.0048) (0.0063) (0.0064)
Observations 29662 29447 56896 56528 49123 48786

“Original” results copied from Bleakley (2007) Table V. “New” results computed after reconstructing the data set from primary sources. New regressions weighted by IPUMS-provided
sampling weights. In panels A and C, each cell holds results from a different regression, whereas in panel B, each column does. Earnings and schooling regressions restricted to ages 25-60.
Literacy regressions restricted to ages 15-45. Standard errors in parentheses, clustered by state of birth. *p < 0.1. **p < 0.05. ***p < 0.01.
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Table 8: Replication of Bleakley (2007) Table VI: Exposure to RSC versus alternative time-series relationships

Bleakley (2007) specification:

Outcome Controls Original New Original New Original New Original New Original New
Duncan’s *kk ke ke kK *kk *dkk Ak kK *kk gk
socionconomic  Basic 0.5352 0.3669 0.7566 0.4599 0.3928 0.3343 0.5983 0.4239 0.4858 0.3447

o ostor (0.0418) (0.0417) (0.1069) (0.0882) (0.0520) (0.0566) (0.1124) (0.0911) (0.1282) (0.0992)
]s)olirilg:?osnomic Full 0.5007+%%  0.7676%**  0.8820%%*  0.9784%**  0.3544%%*  0.9162%**  0.6616%**  1.1660%**  0.7081%**  1.2994%**
iont controls (0.0661) (0.1038) (0.1707) (0.2344) (0.0735) (0.1338) (0.1791) (0.2686) (0.1969) (0.2871)
i(l)l(:(::ll—geatlonal Basic 0.3113%** 0.2836%** 0.2915%%* 0.1843%** 0.2612%** 0.2788%%* 0.2497% %% 0.1786%** 0.1912%%* 0.1322%%*
score (0.0214) (0.0230) (0.0542) (0.0549) (0.0384) (0.0398) (0.0612) (0.0550) (0.0622) (0.0482)
Slccf)‘;fgdonal Full 0.2623%%%  0.3485%**  0.3732%%*  0.3164%**  0.2346%**  0.39509%%*%  (0.3393%**  (.3551%k%  (.2742%%%  (0.3375%**
oo controls (0.0339) (0.0525) (0.0858) (0.1135) (0.0438) (0.0547) (0.0960) (0.1215) (0.1007) (0.1181)
Order of

Polynomial Trend: 0 1 0 1 2

Order of 0 0 1 1 9

Autoregressive Process:

“Original” results copied from Bleakley (2007) Table VI. “New” results computed after reconstructing the data set from primary sources. Rows are in a different order than in the
original. New regressions weighted by IPUMS-provided sampling weights. Heteroskedasticity-robust standard errors in parentheses. ***p < 0.01.
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Table 9: Revision of Bleakley (2007) Table VI: Exposure to RSC versus alternative time-series rela-

tionships
Outcome Controls Coefficient on H x Exp
Duncan’s 0.0940 0.1020 0.0717 -0.2129 -0.1918 -0.3579%**
socioeconomic indicator  Basic (0.1426) (0.1707) (0.1522) (0.1547) (0.1369) (0.1386)
BIC 1253.83 1259.37 1259.50 1222.53 1219.79 1226.41
Duncan’s 0.3595 0.6697***  0.4794**  0.1667 0.1516 -0.3911
socioeconomic indicator  Full controls  (0.2655) (0.2073) (0.1875) (0.1856) (0.1828) (0.2460)
BIC 1506.05 1518.33 1498.48 1493.21 1499.42 1508.30
Occupational 0.1997* 0.1179 0.1329 0.0039 0.0153 -0.0441
Income Score Basic (0.1128) (0.0937) (0.1077) (0.0680) (0.0747) (0.0632)
BIC 1058.04 1042.71 1034.89 998.35 994.19 997.93
Occupational 0.1890***  0.2106** 0.1968* 0.0176 -0.0045 -0.1828**
Income Score Full controls  (0.0684) (0.0791) (0.1004) (0.0917) (0.0931) (0.0894)
BIC 1275.41 1279.82 1286.56 1268.69 1275.62 1269.80
Order of Polynomial Trend: 0 1 2 3 4 5

Estimates based on expanded data set, including blacks as well as whites. Regressions weighted by IPUMS-provided sam-
pling weights. Standard errors clustered by state of birth in parentheses. BIC is the Bayesian Information Criterion, taking
sample size as 141 and mean-squared error from data points and model fits presented in Figure 5, weighting by number of
observations in the cell for each data point. Bolded results in each row are those favored by the BIC. *p < 0.1. **p < 0.05.

***p < 0.01.
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Figure 1: Replication and extension of Bleakley (2007) Figure II
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Notes: Blue dots depict point estimates of the cross-SEA association in each census round between
baseline hookworm prevalence and the outcome listed. Grey bars show 95% confidence intervals.
Red contours highlight the quantities of particular interest, the rates of change just before, during,
and just after 1910-20. p-values in each pane are from two-tailed tests for kinks in the red contours,
the first at 1910, the second at 1920. Lack of literacy data after 1920 prevents the second test.

32



International Journal for Re-Views in Empirical Economics - IREE

Figure 2: Replication and extension of Bleakley (2007) Figure II: Expanded data set
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Notes: Blue dots depict point estimates of the cross-SEA association in each census round between
baseline hookworm prevalence and the outcome listed. Grey bars show 95% confidence intervals.
Red contours highlight the quantities of particular interest, the rates of change just before, during,
and just after 1910-20. p-values in each pane are from two-tailed tests for kinks in the red contours,
the first at 1910, the second at 1920. Lack of literacy data after 1920 prevents the second test.
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Figure 3: Replication and extension of Bleakley (2007) Figure III: Reconstructed data set
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Notes: Blue dots depict point estimates of the cross-state association of baseline hookworm preva-
lence with the outcome shown within each birth cohort. Grey bars show 95% confidence intervals.
Vertical grey lines indicate kink points in Bleakley (2007) exposure function, Exp, which bends
upward at the first and plateaus at the second.
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Figure 4: Replication and extension of Bleakley (2007) Figure III: Expanded data set
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Notes: Blue dots depict point estimates of the cross-state association of baseline hookworm preva-
lence with the outcome shown within each birth cohort. Grey bars show 95% confidence intervals.
Vertical grey lines indicate kink points in Bleakley (2007) exposure function, Exp, which bends
upward at the first and plateaus at the second.
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Figure 5: Replication and extension of Bleakley (2007) Figure III: Model with polynomial time

controls, fit to expanded data set

Duncan’s socioeconomic indicator
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Notes: Blue dots depict same point estimates as in Figure 4. Each contour depicts the best fit of
a linear model with the Bleakley (2007) exposure function, Exp, and polynomial time controls
ranging in order from O to 5. Fits for orders 0-5 are drawn in orange, green, blue, red, purple, and
brown, respectively. p-values are for the coefficient on Exp in the order-0 through order-5 models,
respectively. They are based on standard errors clustered by birth state.
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Figure 6: Replication and extension of Bleakley (2007) Figure III: Model with linear spline gener-

alization of step function, fixed kink dates
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Notes: Blue dots depict same point estimates as in Figure 4. Red contours depict best fits of a
piecewise-linear model allowed to kink at the same dates as the Bleakley (2007) exposure function,
Exp, 1891 and 1910. Each segment spans 19 years. p-values in each pane are, respectively, for the
nulls of no slope change between the first segment and the second, and between the second and
the third. p-values based on standard errors clustered by birth state.
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Figure 7: Replication and extension of Bleakley (2007) Figure III: Model with linear spline gener-
alization of step function, flexible kink dates, expanded data set
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Notes: Blue dots depict same point estimates as in Figure 4. Red contours depict best fits of a
piecewise-linear model allowed to kink twice, and fit using the mean-squared-error criterion.
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8 Appendix A - Additional Tables and Figures

Table Al: Revision of Bleakley (2007) Table VI: Exposure to RSC versus alternative time-series
relationships, excluding blacks and women

Outcome Controls Coefficient on H X Exp

Duncan’s 0.3646* 0.3530 0.3286 -0.1678 -0.1538  -0.3284**
socioeconomic indicator  Basic (0.2045) (0.2324) (0.2251) (0.1728) (0.1651) (0.1632)
BIC 1385.00 1389.39 1391.38 1342.87 1341.23  1349.50
Duncan’s 0.5260** 0.8069***  0.6474***  0.1478 0.1168 -0.5130*
socioeconomic indicator ~ Full controls  (0.2220) (0.1825) (0.1845) (0.2076) (0.2048) (0.2767)
BIC 1588.38 1595.30 1589.27 1578.62  1585.24 1589.05
Occupational 0.2979* 0.1371 0.1498 -0.0847 -0.0759 -0.0824
Income Score Basic (0.1681) (0.1307) (0.1390) (0.0854) (0.0899) (0.0851)
BIC 1212.77 1183.66 1180.98 1141.60 1135.39  1140.95
Occupational 0.2978***  0.2264** 0.2445%* -0.0546  -0.0530 -0.2473**
Income Score Full controls  (0.1067) (0.0871) (0.1015) (0.0927) (0.0972)  (0.1025)
BIC 1366.89 1373.83 1373.91 1354.11  1358.83 1358.41
Order of Polynomial Trend: 0 1 2 3 4 5

Estimates based on expanded data set, including blacks as well as whites. Regressions weighted by IPUMS-provided sampling

weights. Standard errors clustered by state of birth in parentheses. BIC is the Bayesian Information Criterion, taking sample
size as 141 and mean-squared error from data points and model fits presented in Figure 5. Bolded results in each row are
those favored by the BIC. *p < 0.1. **p < 0.05. ***p < 0.01.
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Figure Al: Extension of Bleakley (2007) Figure II to adult outcomes: expanded data
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Notes: Blue dots depict point estimates of the cross-SEA association of baseline hookworm preva-
lence with the outcome shown within census rounds. Red lines highlight the quantities of particular
interest, the rates of change just before, during, and just after 1910-20. p-values in each pane are,
respectively, for the nulls of no slope change between 1900-10 and 1910-20, and between 1910-20
and 1920-30. Lack of literacy data after 1920 prevents the second test.
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Figure A2: Time series variant of Bleakley (2007) Figure II, with separate regressions for below-
and above-40%-prevalence samples, expanded data set
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Notes: Blue dots depict point estimates of the cross-SEA association of baseline hookworm preva-
lence with the outcome shown within census rounds. Red lines highlight the quantities of particular
interest, the rates of change just before, during, and just after 1910-20. p-values in each pane are,
respectively, for the nulls of no slope change between 1900-10 and 1910-20, and between 1910-20
and 1920-30.
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Figure A3: Replication and extension of Bleakley (2007) Figure III: Model with linear spline gener-
alization of step function, four flexible kink dates, expanded data set
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Notes: Blue dots depict same point estimates as in Figure 4. Red contours depict best fits of a
piecewise-linear model allowed to kink four times, and fit using the mean-squared-error criterion.
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Figure A4: Replication and extension of Bleakley (2007) Figure III: Model with polynomial time
controls, fit to expanded data set, excluding blacks and women
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Notes: Blue dots depict same point estimates analogous to those in Figure 4, but in a sample
excluding blacks and women. Each contour depicts the best fit of a linear model with the Bleakley
(2007) exposure function, Exp, and polynomial time controls ranging in order from 0 to 5. p-values
are for the coefficient on Fzp in the order-0 through order-5 models, respectively. p-values based
on standard errors clustered by birth state.
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Figure A5: Replication and extension of Bleakley (2007) Figure III: Model with linear spline gener-
alization of step function, fixed kink dates, excluding blacks and women, expanded data set
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Notes: Blue dots depict same point estimates analogous to those in Figure 4, but in a sample
excluding blacks and women. Red contours depict best fits of a piecewise-linear model allowed
to kink at the same dates as the Bleakley (2007) exposure function, Fxzp, 1891 and 1910. Each
segment spans 19 years. p-values in each pane are, respectively, for the nulls of no slope change
between the first segment and the second, and between the second and the third. p-values based
on standard errors clustered by birth state.
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Figure A6: Replication and extension of Bleakley (2007) Figure III: Model with linear spline gener-
alization of step function, flexible kink dates, excluding blacks and women, expanded data set
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Notes: Blue dots depict same point estimates analogous to those in Figure 4, but in a sample
excluding blacks and women. Red contours depict best fits of a piecewise-linear model allowed to
kink twice, and fit using the mean-squared-error criterion.
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