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Hookworm eradication in the American South

Deworming children in developing countries is chekpe medicines-albendazole fohookwormand other
geohelmintts, praziquantel fowater-transmitted schistosomiasis-are practicallyfree. And alministering the
drugsis economicaif done where children already gather, notably schodls a result, GiveWell estimatisat
mass childhoodleworming costs$0.32 perdosein India and $0.79 iKerya.

Thebenefitsof deworming are harder to gaugéhe &vidence on the shofterm impactson nutrition and
cognitionhas beerrich enough tesupport largemeta-analysegTaylorRobinson et al. 2015; Welch &t 2016;

Croke et al. 2016)ongerterm impactscouldbe muchlarger. Rit evidence on thenis much scarcef-ollowing

up onthe Miguel and Kremef2004) experiment in vestern KenyaBaird et al. (2016) find impacts on earnings

ten years orsufficient togenerate an internal rate of return to deworming of at least 32% per an@uarer
(forthcoming) follows up on the same experiment at about the same time, and reports cognitive gains among
children who were too young to have participatedtie experimentout who could havebenefitedindirectly,

through the deworming of their scho@lge siblings and neighbors. Croke (2014) examines impacts on academic
outcomes im 10-year followup on a randomized deworming trial in Uganda.

For decisionmakers trying to &ss the effects of deworminghé paucity oimodern, experimenta¢vidence on
the longterm consequences raises the importance of oéed historicaktudy. Bleakley (2008valuateshe
Rockef el l er Sa wgampaign ty ergdioaternookwerim émothe American South circa 18414.
Through designs akin to differengedifferences(DID) the studyidentifies impacts off ofhe interaction oftwo
principle sources of variatioiggeographic variation ithe initial prevalence of hookwormthus the scop for
gain from eradicatiorandthe suddenonsetof the campaignTheBleakley (2007esults parallel those from
Kenya(Miguel and Kremer 2004; Baird et al. 20X6ass deworming of children boostshooingin the short
run andearningsin the long run

This paper replicates and reanalyZ&lgakley (2007)t returns to primary sources, constructs new data sets
modeled on the originals, argtrivesto reproducenearly all the original tables and figurésoving from
replication to reanalysis, the papengn modifies specifications in order to test robustness. In particitar,

1. Takesadvantage of the larger historicagénsus samples now available from the Integrated Public Use
Microdata Serie§lPUMS; Ruggles et al. 201B)e new data sahcludes record from thel930census
whichwere not available to Bleakley.

2. Copesspecification choices among the displdyst examplewhere, in the originala table tests for
impacts on three outcomes and the corresponding figure illustrates for only one, analfiges are
here generated for the other two.

3. Perfornmstests to focus more sharpbn whethertrends break at times explicable by the eradication

campaign.
4. Correcsfor a feweconometric issueslost notably, a threestage estimation process in the origiris
revised so that wuncertainty from the initial steé

A preanalysis plan, registered with the Center for Open Science, envisioned some of thesetseefmurth
and part of the third. As that statemérmmplies,| did not limit myself to there-analysis plan. Buhe plandoes
credibly disclose which steps | chose before encountering the data.

The new analysi®cuses orihe figuresmorethan the tables. The figures bring out temporal patterns clearly
and motivate formal tests for whether theutcomesevolvedin wayspartly explicable byhe timing of the

1 Give We IDBwvprm the World Initiative, LedypEvidence Actign” N o v e mbivewell. @ dichabities/dewam-world-
initiative.
2The exception is Figure |, which is preliminary to the main analysis and mostly uses separate data.
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Hookworm eradication in the American South

hookworm eradication campaigAndthe timing—as distinct from the geographic pattern of initial hookworm
burden—is the most plasibly exogenous compent of the identifying variation.

The Bleakley (2007) designs are of two majcensusf or ms.
microdataare grouped by the census year in which the data were colledthis facilitates checking, for

exanple, whetherschool enroliment roseelatively rapidly between 1910 and 19&0initially highprevalence
areasThe “retrospecti ve dnetdadgrotup’indiidda)oy yean & loirth fThecfiestiset of RG
regressions use data from a siegensugo observe for examplewhether a historicaéarningsgap between

low- and highprevalence areas narrowed for people born late enough to benefit from the eradication campaign
during childhoodThe second seif RC regressionmols data from muiple censuses, aggregating acradls

census roundthat people of a given birth cohort appear in. This allows a linkage betaeerp e resposnré s

to the campaign during childhood and earnings throughout adulthood.

The new analysi®cognizably matcheesh e or i gi nal ' s t a b,butfrtveodoteaantlly gr ap h e
exceptionsUn|l i ke in the original, including Bleakley’s s
reduces the SCS impact estimatesschooling.ricludingall the Bleakley (207)controls essentially eraseise
enrolimentresults And an SCfthding highlighted graphically in the origirgh onetime jump inschool
enrolimentbetween 1910 and 1920, when no extra controls are addisdliscernible in theeplicaion, but not

with compelling statistical significance

But, movingrom replication to reanalysishe paperpresents new results that strongly question the Bleakley
(2007) conclusion that hookworm eradication brought detectable startl longterm benefits. As a first ep, |
replicatethat SCgraphfor the otherBleakley (2007indicators of human capital investmeriull-time school
attendanceand literacy And Itest for robustnesdo using newer, larger census microdata samples. These steps
leave the original graphaét result SCS looking fragile.particular,expanding the census samplesafactor of
about100 makes clear that theelative upward trendn schooling in historically higburden areas begabefore

the eradication campaign.

As forRC estimates dbngterm impacts onincome t h e r ssbptihcohoraby-birth-nohortresults

confirm that income—more precisely,thé o c c up at i o nasdblessugedta praxynfa—tconverged

over time across the gradient of historical hookworm burdgantwhen Iformally test whetherconvergence
temporarily accelerated as the effects of the eradication campaign sétdimnot find convincing evidence in
favorAgai n, the convergence began earlier than Bl eakl

| began corresponding with Hoyt Bleakley about these findings in May 2017. Bleakley stated that the original
data and code were hard to access, and did not provide any other information that could help explain
imperfectionsin this replicationPending confrotation with the original data and code, | believe the
reconstructed data and code introduced here ought to be viewed as the reference implemeribiBdeakley
(2007)since only they will be freely accessible.

Sectionl of this paperdetailsthe Bleakley (2007) designs. Sectibexplores several crossitting themesn the
reanalysis Sections and4 replicate and reanalyze the SCSI &C egressions. Sectidsiconcludes.

1 The Bleakley (2007) designs

TheBleakley (200)/specifications combine thresorts ofvariables
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1 CGosssectionalvariables observed oncger geographic unit. Thesaclude indicators opre-eradication
hookworm prevalenc€O), along with many controleelating to health, education, race, and agriculture
Allcome from sources published about a century ago.

1 A pure time series indicator f@xposure tahe eradication campaigfO w)fjwhich is interacted witfO
to form treatment.

1 Variables built from decennial census microdéRaiggles et al. 2015). T$enclude demographic
controls—age, sex, race-and the outcome measures such as school enrollmentced pational
standing

Thethree kinds of variables are integrated the resolution of the census data, with one observation per
sampled individuallin one case, discussed below, the data are aggregated before anaiiisis birth state-
birth yearcensus yeacells In the restthe microdataare not aggregatetieforeregression but standard errors
are clusteredafter, by geographic uniand time period

The core estimating equation can be written
w O Oaqt O o 1 1 7 1)

for outcomedfor individual’® geographic unikat time 0.1 is the parameter of intereslThel and] are
place andime dummiesandobviate the inclusion 6 and O & as controls The 0 are individuallevel
demographic traits, such as age, sex, race, and interactions thdieed. are not true panel variables, in the
sense of being observed primary sources imultiple timesand places. Réher, all are products gbure cross
sectional and puréime series variablesth example ishe set of interaction terms ¢, which is included in
some regressions to control for arspecific linear time trends

Bleakley(2007)also performs grapical analyss, which involve running a version(dj separately for eac-
indexed crossection:

w O o 0 T )

where theo are optional aredevel controls. These regressions yield a series of coefficientahich measure
the (conditional)crosssectional association between baselineokwormprevalence andhe outcomes.
Bleakley (2007hen perfornsinformalandformal inference about whether tHe series constitutes evidence
of impact, e.g., if it jumps around the time of the eradication campaign. The set of regre@ioas also be
performed as a singldull-sampleregression in which the time dummies are interacted with all the righside
variables?

The study’'s two d-sedion@mdsefrospectivecherts differindhowaheygreup the data—in
effect, inwhat they take the indexe¥and oto refer to. Thesechoicesin turn shape the definitions d@and
Ow.n

The SCS desigategorizes an observation by when and where it was collected, meaméngensus year and

thep e r spdane obresidenceCampaign exposured w)is then simplya dummy forpost-campaign censuses,

i.e.,, foro p w¢As forQ the census records place of residence with high precisithrough the public,

digitized microdatasomewhat less so. In principle, this allathve SCS specifications take full advantage of the
county-levelspatial resolutioi n t he Rockef el | e(rR SkEaseingheokwprmsiovegsiihat s i o n '’

3 In abandoning any assumption about the functional forn©ab,fpstimating(2) sacrifices the ality to control for area
effects] . One cannot estimate area effects in a crassa regression.
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is,"Ocouldbe definedby countyof residene.* In practice, Bleakley aggregates baseline prevalence and the

other countylevelvariablestothe* st at e economic area” (SEA; Bogue 195
contiguous counties within a state. SEAs are attractive because they are morettabtmunties, which have
sometimes merged or split or had boundaries redrawn. Adtnting in1950 IPUMS datapecify residence by

SEA but not cougt Thus in the SCS desigiindexes SEASince the RS€aged its campaign acro$s

southern states, fronVirginiato Texasit surveyed prevalence only in those stat@®atrestricts thesamples of

the SC3egressions

In theretrospective cohor{RCYesign,andoindexplaceand timeof birth instead of placend timeof survey

The RC design facilitates assessment of-kemm effects by minimizing attrition from migratioif.a person was
born in Georgia in 1915 just after the eradication campaign, laid bricks in &tlad940, worked as a general
contractor in Lexington in 1950, and ran a construction company in Phoenig0n dlBthree resulting census
observationsvould be associated with Georgia 191bthis way, Bleakley (2007) limits attrition from internal
migr at i on.sinfldcensuk RCespetifications use data ftbm1920 or 194@ensus The multicensus
specificationsuse all census data from 1870 to 198@t were available to Bleakley during analysis.

Theredefinition of the time and place indexés the RC frameworlriggers several changes in implementation.

Partly because the cadence othortensfrom decadal to annual, Bleakley incorporates more timing information

into O w.NAnstead of being a postradication census dummi) w now measures the number of childhood years

of exposure to thgostcampaign regimeg-or this purpose, th campaign is taken to begin in 1910 and
childhoodtoendatage19. Ni net een i s chosen because most indivic
their schooling by that age, and hookworm iThus,ect i on
‘O wn pforapersonborn in 1892, since thpersonwould have been 18 1910and thus only enjoyed that

one childhoodyear of notional eradicatianAndO w 1} p dor all people born in or after 191@Fhis construction

makesO w § piecewisdinear furction of birth year, which | will call the step function. It assumes that exposure

at each year of childhood matters equally for lelegm outcomes. That is a reasonable choice in the face of
uncertainty. But itmight be substantially incorrect, as someidance suggests that health in early childhood

matters most for adult outcomes such as schooling, income, and ad4etsré et al2008).

The cersusobserveslace of birth, unlike place of residenamly at the state levelSoin the RC regressionthe
state replacethe SEA as the geographic uris a result, to perform the RC regressions, Bleakley widens the
geographic scopt the continental United States antiscards the countjevel Rockefeller prevalence data as
the basis fofOin favor of astate-level indicator of hookworm prevalen¢&ofoid and Tucker 1921)oosely
speakingwhere SC8ompalesclusters of countiewvithin MississippiRCcomparesMississippto Michigan.

2 Themes in the replication and reanalysis

2.1 Preanalysis plan

A preanalyss plan was registered with the Center for Open Scielh@®es not confinghe analysis. But it
credibly disclosewhich partswere preconceivedand which were chosen after encountering the datdere
are the steps envisioned in the plan, along witimooentary,

9 “Testing for sensitivity to any data or coding errors exposed in the origMahe were exposed, for lack
of access to the original data and code.

4The RSC subdivides a few counties, for reporting purposes.

5 Seeosf.iolyb537
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1 “Performingtwest age | east squares instead of oODham ori gi-r
proper confidence intervals for instrumental variables point estimatéhis step wadliconceived. The
original uses ILS in situations where conventional IV estimation is impractical, because, e.g., the impacts
of the instruments on the treatmerdnd on the outcome are estimated in different contexts.

1 “Pure timeseries versions of the sequential cressctions (SCS) analysis, in which samples are restricted
to areas of abov@verage baseline prevalente. T hi s (8ea Sectioi®2badow). Sincethe
(temporal) variation ifO w i$ more plausibly exogenous than the (spatial) variation in the other
component of treatment/Q a pure time series specification seedworthwhile as a robustness check.

1 “ Mo-coaservative erroclustering choices, such as clustering codatelestimatesby state rather
t han Stat e HERyb oo aavd gstinatesa . t’ h-velSER\regressions are meahdby)
the SCS regressionssteringwas not expanded from SEA to state, becauseéims rather demanding
when the sample has onlyl states, and because even with Stifstered standard errorshe
reanalysis casts substantial doubt on tivéginal.However, the reanalysis of the muttensus RC
regressions doesove from clustering bpirth state-birth year combinatiorio clusteringby state,
across timein order to address serial correlation.

1 “ Radbing the twostage assessment of whether the hookworm campaign helps explain the convergence
in longterm earnings between lovand highprevalence areas (equation 5 and Table VI) in athaty
factors the uncertainty of the estimates from the first stage into the second, either analytically or by
boot st rThipwas dogeand is reported insection.2 ( | n f acist aglee a'stswe s me n
three stageswhich that section also explaifJhealternativeadopted here is to combine all stages into
a singleordinary least squareOL$regression.

2.2 Expanded IPUMS samples

The coverage of IPUMS has expanded steasldy the yearsboth in the census roundicluded and in theize
or “ d"eohsaniplesydigitizedBleakley (2007) reports lasbtaining IPUM@8ataon May 30, 2003or the
SCS analysisn February 5, 2003or the singlecensus R@ndon November 14, 2005 for the muitiensus RC
Bleakley(2007) largely does not specify the densities of the samples used, but they can be estimated by
reviewing the history of ipums.org/usa/sampdesc.html at archive.asgwell as the change log at
usa.pums.org/usaaction/revisionsTablel, column 1shows my estimate%

In addition toreconstructingthe original data seaccording to these estimatebtestrobustness bywitching to

an expanded dataetwith newer IPUMS santgs.(See column 2 ofablel.) Data are added for 1860, 1930, and
2000—though the 1860 and 2000 data figure only in the moéthsus RC regressiomensity rises to 5% in 1900
and 1960, and to 100% for 194, using preliminaryeleasedor the latter. For concision, dnly report—and
have only performed-this expandeddata test for the figures, not the tables. (Sect®#d explains the focus on
the figures.)

While thedata expansionvas not preregidered, it wasto a degrednevitable because the modern IPUMS
interfacetends to hidetwo samples that Bleakley (2007) appears to dise:1-in-760 samplefor 1900and Zin-
250 sample for 1910Especially since the density of the original samples isulbt locumenteda
contemporaryusernaturallygravitatesto some ofthe newer, largesamples.

61 am least sure about the 19@&ample used in the SCS regressions. Bleakley (2007) may have used the preliminary version
of the 1-in-100 IPUMS 1900 sample, which isia-P00 sample that was posted on May 7, 20024(.ipums.orgisa
action/revision3. However, | achieve better matches with the oldein4760 sample, and so use that.
" As of October 2, 2017, the Presto#int760 sample is available asa.ipums.org/usa/sampseshtml The old 1910 sample
is marked within the newer 1.4% sampleut not the 1% sampleby the field SAMP1910.
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All new regressions reported below incorporate perdevel sampling weights provided by IPUMS. Most IPUMS
samples are “fl at, ” neprasantthegopuldtiantwithoubveesightiregt Howeves, therec a | | y
are exceptions (Ruggles et al. 2005a.ipums.org/usa/intro.shtml#weightsAnd since different censuses are

sampled at differentlensities, pooling them effectively introduces sampling imbalances, which can be corrected

by using the IPUMBrovided weights. Bleakley (2007) does not mention using sampling weights.

TABLEL. IPUMSCENSUS SAMPLES RIGINAL ANDXPANDED DATA SETS

Census year  Original (estimated) Expanded
1860 0% 1.29%
1870 1% 1.2%
1880 1%/100% 10%/100%
1890 0% 0%
1900 0.13%/1%° 5%
1910 0.4% 100%
1920 1% 100%
1930 0% 100%
1940 1% 100%
1950 1% 1%
1960 1% 5%
1970 1% 1%
1980 5% 5%
1990 5% 5%
2000 0% 5%

LExcludes slaves.
2Pairs of numbers refer separately to SCS and RC regress

2.3 Differencesamongspecifications

Nearly all the Bleakley (200i@sults appeain tables and figuredNaturally, the specification differ from each
other in various respects. Some of these differences are dictated by the empirical quékidbnsotivate
individual regression, or by the structure of the data. Others, however, are more discretiohagisretionary
varietyin the originalgeneratessomeminimallydiscretionaryrobustness teshg in the reanalysidistinctive
choices in one specification can be copied to others

The Bleakley (2007) figures and tabke® listed here immable2. Perusinghe tableexposes these \whin-study
differences:

 Using SCSregressioBs, eakl ey (2007)'s Tables 11 aschboll I I e x .
enrolliment, ful-time schoolattendance and literacy. The parallel Figure Il looks only at the first.
1 Similarly, Table lll carriesu t  “ f u | SC3egressidns, whiclas one would expect, addany

additional controlsThe paralleFigure Il does not

1 The situation is the other way around for the RC regressions: the figigeré 1l includes fulcontrol
results while the able (Table V) does not.

1 Only Figure Il is restricted to whités.

8 Bleakley (2007) does not motivate the exclusion of blacks. However, Bleakley (2010, note 7), referring to an application of
the same desigito malaria eradication, writes:
6
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1 Most of the displayshowresults from regressionsnandividuatievel data. Figure 11l is the exception:
before its regressions are run, the data are aggregatebirth yearandbirth state. This sacrifices the
ability to control for individuademographis.®

Below, | carry outegressions thabring symmetryto the specifications reported in the origindlgenerate
Figure Il for all outcomesyithout andwith full controls Ireplicae Table V with full controlsAnd | rurFigure Il
at the individual levelvhile alsoadding blacks.

None of thesegobustness testss preregistered.

| 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 sompatri
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 ¢ whites) are similar to those obtained if | include native blacks in the base sample.
Estimates using blacks only, however, are imprecise and sensitive to control sets employed.

Since both malaria and hookworm were concentrated in the South, the samenargs may well have motivated the
restriction to whites in Figure 1l of Bleakley (2007). In secti@nl include blacks as | expand the IPUMS samples for the
multi-census RC regressions. The reasons are two. First, theSIRIS¥ census data do not include slaves. A separate
IPUMS project has digitized census records of slaves, but unfortunately the census enumerators gathered quite different
information about sl aves, so t he dabbuacomparingsladestomeslavesh ar mo n
does not apply. Of course, it may be also problematic to compare free blacks in slave asldweostates, but that is just
one more example of how the regions of the United States are poor comparators for each attidrigalights the
importance the temporal dimension of identification in Bleakley. Second, Bleakley (2007) Figure Il also includes blacks and,
in a slightly revised edition (Bleakley 2009), reaches back to 1870. It provides precedent for doing therepiizaiimg
Figure I11.
® Theseregressions are restricted to whites, so race is moot as a controlagsettion4.2 explains age is controlled for in
an unconventional way, being partialled out of the dependent variablésrbeaggregationThis leaves sex as a natural
demographic control to include if regressing on microdata.
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TABLE2. DISPLAYS IBLEAKLE{2007)

Researct Unit of Tesed with full
Display design  observation Races Outcomes controls?
In school,
Tables Il & I SCS  Indiidual  Diacks & in school fultime, Yes
whites .
literate
Figure Il SCS Individual Bla(?ks & In school No
whites
Literate,
Table IV SCS  Individual ~ Diacks & in labor force, No
whites occupational standing,
livesin city
Earnings
Table V RC Individual Blagks & years of schooling, No
whites .
literate

Birth year . Occupational income score,
y Whites P

. . Y
birth state Duncan’s soci ¢ es

Figure Il Table VI RC

2.4 What constitutes eidence of impadn a time serie?
A deep question that must be answered in order to interpret the Bleakley (2007) results iscavissitutes
persuasive evidence thah impulse of ajivenfunctional formis a component oén observedime series?

| will motivate thisabstract question with a hypothetical examp&ipposethe time seriesfor our outcome of
interest follows a logistic curve over the yed&25-1965 as in Bleakley (2007) Figureltltanobeythe
logistical form perfectly, owith anindependent normal errorcomponent To test whether events circa 1910
can help statisticallgxplainsuch aseries|| fit two models with OLS:

1 Model 1definesthe independent variable of interesttreatment—asa post1910 dummyand controls
with constant awl linear trendterms.

1 Model 2defines treatment as thstep functiondescribedn sectionl, the piecewise linear form that is
allowed to kink in 1891 and 1910. The modehtrols with aconstant.

Figurel plots thetwo variants of the outcome-with and without a stochastic componesin blue.The red and
black curves indicate theest fits of the two model$? Table3 shows the corresponding regiEsn estimates for
treatment impact using norrobust standard error estimaten all, the term of interest is highly significant. If
one ran these regressiongthout graphing the data and the best fits, one could easily interpret the results as
evidencethat both forms of the treatment variablare goodexplanators for thénistory of the outcomeBut
inspection of the graph makes obvious tloaith modelsare misspecifiedNo historically unusual trend breaks
occurred at the times implied by the models.

10The step function is normalized to rise from 0 to 1. The outcome is generagdps A@D 6 p Y xjm 1. The
optional normal errothasstandard deviation 0.2.
8
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The exampleis fanciful. YeMModel 1 is mathematically analogous to the more conservative of the Bleakley
(2007)SCS specifications (equation 2 in the original). There, the time series is theerbsnal association
between baseline prevalence and outaes of interest in successive censsigdimbs in which indicate relative
gains for historically highrevalence areasind in the time dimensionhe treatment variable is a po41910
dummy. Geographic units are allowed individual time trentiéeanwhile,Model 2 is mathematically analogous
to the RGspecification(equation 3 in the originaljn whichthe temporal dimension dfreatment ismodeled as
astep function that rises between 1891 and 1910.

Thus while the numerical results Trable3 can be correctly read to say that the outcome rose when the impact
models predict that it will, the results do not credibly demonstreseisality This is whyinrevisiting Bleakley
(2007) | focuson the time series plotsand the question bhow to infer impact from them(l reconstruct all the
tables too,but mainly to check omhe quality of the replication.

Acceptinghat we should center our inference on the time seribewever,does nottell ushowto do it. Fbw

shouldwe judgewhether atreatment impulse contributes substantially &m outcome timeseries in which

other influences are also at plajrhe issue can be seen as having two aspects, one tectandalne that | will

cal l “Bayesian.” As a tsaboutinipactit seemifat weenustrestticooursedvest hy p
a priorito certain parametric families of models, suchtlas two above'! We carthen test whether, within such

a family,members that correspond to zero impaate rejected by the datad.e., signiicantly reduce the quality

of the model fit.

In reanalyzing Bleakley (200F)vork withintwo parametric families of model©ne, not preregistered,
generalizes thatep functionto a piecewisdinear splingust like that in Model 1Kinks are allowedtdhe times
chosen, or most naturally implied, by Bleakley: 1910 and 1920 for the SCS regraegkiondiave data only for
census yearsgand 1891 and 1910 for the Rj@st as in Model 2 test whether the slope riseg ¢éhe first kink and
falls at the seond, asit should under a stefike impact contourAnd | plot the model fitsThe second
parametricfamily does not generalize the functional form for treatmegmdinstead introduescontrols for
polynomials in time up to order five. This approachiplicitly preregistered in that Bleakley alsmploysit.*?
Neither approach is obviousptimal. Ghe could construct otherssuchascontrolling for a logistic function of
time. But these twachoicesseemminimally discretionaryintuitive, andinformative.

The Bayesian aspect of this analytical challenge is that how prepared we are to take such test results as evidence
of impact should depend on how much credence we place on alternative explanations. In the hypothetical
example inFigurel, if we are nearly certain that no other theory can explain the censwale rise in the

outcome variable, that should increase our readiness to believe that the treatment of interest was the causal
factor, however misspecified it may see@nthe other hand, if competing theories are in the offing, that

should increase our demand for a good match on functional form.

| seethe case of hookworm eradication in the American Saghbloser to the latter extremewithin the South,
low- and highhookworm areas differed systematically in geography. 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 vulegi@mfection
than were those from the piedmont or mouain regions(p. 79)

11 The fitting process could involve a nonparametric step, e.g., to filter out dynamics in certain frequency ranges. But
inference would then still need to be performed with respécta more limited set of parameters.
12 Bleakley (2007) only reports specifications up to order three, but footnote 25 reports testing up to order five.
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As a result,dw- and highhookworm areasnayhavediffered inother respectstoo—in cropshistoricallygrown;
in suitability forthe peculiar institution oklavery in wealth inequality, and education. Yet it would also not be
surprising if the economic importance of these historical differences dwindled in the twentieth ceatury
agriculture’ s s harlemyiviaw, themea firglingoohlatgmy cosvargeacddiween
historically low and high hookworm areasloes notadd much credibility to the propositicthat eradication
brought large economic benefits

Perhaps for this reason, Bleakley (2007) tests most of its regresfsiprobustness to controllingpr initial
conditions.While welcomesuchcontrols may nosuffice. For the SCS regression, which identify off ofl SEA
variation the convergenceontrols are all observed at the state leveb they cannot adjust for withigstate
convergenceThe RC mgressions take the state as the geographic wamg control for convergence with
dummies for the major U.S. regions and a stateel measure of agricultural wages in 18%8e latter is
observed &the same geographic unit as treatmeb it might contol for convergenceat the desired level of
granularity. Bit a measure opayin oneoccupationin 1899may not fully predictconvergence in occupational
standingoverthe following half centur—and occupational standing, rather than earnings, is whatiskid
over the long term

On balancethe Bleakley (2007) controls canrmnishthe concernthat forces outside the analysisove
convergenceAs a result, evidence of convergence alammelld not persuadene as muctaswould evidence of
accelerationn convergencewith timing thatfits the onset othe hookworm eradication campaidnthe early
1910s.

HGUREL. BEST FITS OF TWO MQSHEO A HYPOTHETIOATCOME WHOUT AND WITH A RBAM COMPONENT

. Data
— — — - Model 1
———- Model 2
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TABLE3. IMPACT ESTIMATES FRDMO MODELS APPLIED A HYPOTHETICALTGOME WITHOUT ANDTM RANDOM
COMPONENT IN THE BAGENERATING PROCEEXSP)

Deterministic DGP Stochastic DGP
Model 1 Model 2 Model 1 Model 2
Treatment 0.807" 0.174" 0.780™ 0.144"
(0.0189) (0.0280) (0.0399) (0.0699)
Observations 141 141 141 141

Hkk

Classical standard errors in parenthesés< 0.05,” p< 0.01.

3 Replication and reanalysi&iccessive crossectionspecifications

Recall that he successive crosection(SCSanalyss groups observations by census round and place of
residence Place of residends resolved to the state economic areehich isa cluster of countiesThe
regressions areonfined to 11 states in the American Southe exposure variabl® w i$ a dummy for censuses
fielded after the eradication campaign.

In reconstructinghe data seffrom the sources listed in Bleakley (200m)y assistants and | encountered
ambiguities in the definitions of some variables and missingness isoilnees. As a result, it is impossible to
exactlyreproduce the original data set without access td-ibr example, my assistants and | could not find data
for Mississippi for one of the educati@ontrols the value of school plant and equipmehikewise foKKentucky
and school term length. AntB02 health spending daia zeroor missing for almosall Arkansasounties, which
causes Bl eakl ey’ s c eapitarhealth,spendmngbetiveeg circa AWhaydal982nto hee r
missing tooTo docunent our choices, weubliclyposta spreadsheet that forges our replication variables from
the primary data and lirkto scanned copies of the sources.

Bleakley (2007)oes notmention deaing with missingnesHere,| performcasewise deition: in a given
regression, SEAs missing values for any controls are dropped.

3.1 Replicatingrabled¢lV:Short-term impacts on children and adults
Table4, below,follows the format of Bleakley (2007) Table | in order to complaeeoriginal andeconstructed
data setson first and second moments of several variabldse table contains three pairs of columns, the first
for the whole sample, and the secofat low- and highprevalence subsamplea child infection rateof 40%
marks the divide betwen the two subsampledVithin each paiof columns the firstis copied from Bleakley
(2007)Table while the second is computed from the reconstructed data set.

Overall, the original and new SCS data sets appear to matchHaethe whole sample, the @an and standard
deviation of the baseline infection rate match almost exactly, as do cesmused variables such as school
enrollment and population blackzhematch is poorer fothe variableindividuals treated at least onceAs
explainedabove thelast four variablesrelating to educatiomnwere hardest to reconstruct, so it is not surprising
that the matches for them aralsolessprecise And the reconstructed data set includes two more SEAs, both of
which fall into the belowd0% subsampléll thesediscrepanesseemimpossible tdfully explain without access

to the original data and code.

In similar fashionTable5 replicates the first set of Bleakley (2007) SCSresult§ r om t he oBchgi nal
cell reports the coefficient of® ‘O @ in a distinct regressioror the simplest specification, in the first row,

the replication again matches wellere, he sample is restricted to the censuses of 1910 and 1920, which
bracketed the eradication campaign.itWreferenceto equation (1) the individuatievel demographic traits are

11
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all interactions between, on the one hand, sex and race dummies and, on the ‘Gtlaegnda continuousage
variable Time and SEA dummies are included, butatditional control setp, isempty.

The nextfour rows ofTable5 also present reasonable matchekhe second rowxpands the sample to 1960
50. Viewing the specification d#ferencein-differences 1906-10 now constitutes the prereatment and
1920-50 the posttreatment period. Literacy is dropped as autcomebecause it is not availabie the census
after 1920. The third row inserts a set of Sp&cific linear time controls it This is the Bleakley specification
most analogous to Model it section2.4 above The next rowsin panel Bretainthe SEAspecific linear time
controls except for the literacy regressions, where lack of data for 49@@educes the number of time
periods®® The first of these rowmtroduces statex year fixed effects to control for statevel policy shocks'.
The penultimate rowinsteadcontrols forthe product ofO w gnd the statelevel school enrolimemntate, in order
to mitigate mean reversion.

The last row offable5 makes the most radical changes to the specification, and also yields the poorest
matches—for reasons, again, that cannot be determined. Here, as in the RC regressions, e egpands to

the entire country and baseline infection is measured at the svéteirth rather than the SEA of residendehe
mean reversion control is retained. The original and new point estimates for the impact on school enroliment
clash by a factoof four, and for fulitime school attendance by about 1.%rHiteracy, the new estimatdsa

third smalkr than the original

Bl eakl ey’ s Tabl e | Ifdrrobustrseds $o additiomal comtrelsiand, as welploreStheb | e | |
resultsfor heterogeneity. Theseregressionsre reconstructedand reportedin Table6 below. Most of thenew
resultsbroadlycorroborate the origina The greatest differences appearfanel B, whicadds more controls

In particular, addig the seven health and health policy listed in Bleakley (2007) appendix section Il.Asreduce

the impact estimatesn schoolindyy a typical 50%first row of panel B)Despite the difficulties in

reconstructing the education controls, the regressionsadtrcing them mostly match the original well (second

row of panel B). Buthe fullcontrols regressionswvhichalsoinclude the health and health policy controfsd

no clearimpact (las row of panel B)

Last among the SCS tabl€aple7 below largelyreproducesBleakley (2007) Table IV, whidhecks for impacts
on adult outcomesLike the original, the new regressions produceoioustevidence of benefits for aduksin
literacy, labofforce participationpccupational incomecore (OlS)or urban residence(OIS is a proxy for
income it isthe median incomegin 1950f or a p e r sozaupation) AseBleakleyt peirds out, these
results are consistent with the theotitat hookworm eradication indeed caused thalative gans found among
children in the earlier tables, since adults were infected much less, and stood to benefit much less from
eradication.

By and large, the original SCS results are recognizably in these reconstructions. The major exception is that now
the resuts for human capital investment in children appear fragile to the inclusion of the full Bleakley (2007)
control set.

Bn fact, literacy data are available for 1900 and could be added to these regressions.
“Bleakley 200) | abel s t hexRow “duwunmrhiuedse, "s tvah eer e P 0%10920iHsweeer, d u mmy
the text sayesat hafi xXédtaféeects” are added. I take the | a
for each stateyearcombination.

12
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TABLEL. REPLICATION @EEAKLE2007)TABLH: SUMMARY STATISTICS

By Hookworm Infection

Whole Sample >40% <40%
Original New Original New Original  New
Hookworminfection Rate 0.320 0.338 0.554 0.556 0.164 0.178
(0.230) (0.226) (0.137) (0.137) (0.117) (0.118)
Individuals Treated At Least Onct  0.206 0.155 0.342 0.281 0.109 0.063
by the RSC, Per Schaale Child (0.205) (0.227) (0.199) (0.292) (0.147) (0.087)
School Enroliment, 1910 0.721 0.717 0.711 0.706 0.729 0.725
(0.104)  (0.096) (0.099) (0.091) (0.108) (0.099)
Change in School Enrollment, 0.089 0.126 0.103 0.143 0.078 0.114
1910-1920 (0.080) (0.070) (0.090) (0.076) (0.072) (0.064)
Fullime School Attendance, 1911  0.517 0.499 0.469 0.456 0.551 0.530
(0.140) (0.126) (0.123) (0.110) (0.141) (0.128)
Change in Futime School 0.203 0.238 0.246 0.275 0.172 0.211
Attendance, 19181920 (0.097) (0.086) (0.093) (0.085) (0.089) (0.076)
Literacy, 1910 0.853 0.849 0.824 0.822 0.875 0.870
(0.104) (0.097) (0.101) (0.093) (0.102) (0.094)
Change in Literacy, 1940920 0.060 0.057 0.081 0.073 0.045 0.045
(0.067)  (0.056) (0.075) (0.061) (0.057) (0.0M)
Population Black, 1910 0.357 0.348 0.410 0.414 0.318 0.300
(0.221)  (0.209) (0.208) (0.185) (0.223) (0.213)
Fraction Population Urban, 1910 0.174 0.137 0.167 0.130 0.180 0.142
(0.200) (0.143) (0.214) (0.142) (0.223) (0.144)
School term, in Months;. 1910 5.251 5.328 5.055 5.168 5.391 5.462
(1.066) (0.770) (1.042) (0.584) (1.068) (0.880)
School per Square Mile, c. 1910  0.195 0.146 0.142 0.132 0.233 0.157
(0.358) (0.048) (0.053) (0.037) (0.465) (0.052)
Value of School Property, per Pu  5.518 6.632 4.699 5.524 6.104 7.400
Curent Dollars, c. 1910 (4.037) (4.722) (3.159) (3.197) (4.496) (5.432)
Teachetto-School Ratio, c. 1910  1.336 1.316 1.397 1.307 1.293 1.322
(0.545)  (0.360) (0.505) (0.334) (0.572) (0.381)
Sample size 115 117 48 48 67 69
Variable means displayed with standard deviations in parentheses berf&ith.i gi nal ” r esu
Bl eakley (2007) Table I . “New” results comput

listed in Bleakley (2007) appendices
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TABLES. REPLICATION @EEAKLE{2007)TABLHI: HOOKWORM AND HUMAN BIAAL BASIC RESULTS

Fulktime school

School enrollment attendance Literacy
Original New Original New Original New
Panel A: Basic results
Include SEA
specific time
Census years trends?
1910-1920 No 0.0883™ 0.0934" 0.1591™ 0.1608" 0.0587"" 0.0608™
(0.0225) (0.0260) (0.0252) (0.0282) (0.0186) (0.0195)
Observations 65436 65436 50058
1900-1950 No 0.0608" 0.0938" 0.1247" 0.1146"
(0.0261) (0.0232) (0.0286) (0.0240)
Observations 94665 94665
1900-1950 Yes 0.0954™ 0.1299" 0.1471" 0.1528"
(0.0233) (0.0333) (0.0287) (0.0379)
Observations 94665 94665

Panel B: Effects within and between states

Include stée x Year dummies 0.1313" 0.1719" 0.2144" 0.2371" 0.0417" 0.0480"
(0.0245) (0.0367) (0.0290) (0.0370) (0.0207) (0.0214)
Observations 94665 94665 50058
Allow for statespecific mean 0.1148" 0.1370" 0.183™ 0.1760™ 0.0408" 0.0352
reversion (0.0265) (0.0368) (0.0312) (0.0365) (0.0206) (0.0203)
Observations 94665 94665 50058
Use infection from state of birth 0.0489 0.1826" 0.2057" 0.3066" 0.0907" 0.0630
instead of SEA (0.0504) (0.0832)  (0.0765) (0.1212) (0.0451) (0.0405)
Observations 665263 665263 185943
Census years 1906-1950 1906-1950 1910-1920
Include SEApecific time trends’ Yes Yes No
“Original” results copied from Bleakley (200t&setfrdabl

primary sources. New regressions weighted by IP{pkdSided sampling weight&quation numbers refer to Bleakley
(2007).Standard errors in parentheses, clustered by state economic area, except in the last row, where they are clus
state. Sample sizes not available from origiritandard errors in parentheses, clustered by state economic area, excep
the last row, where they are clustered by statp< 0.1.”p < 0.05." p< 0.01.
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TABLES. REPLICATION @EEAKLE{2007)TABLHI: SENSITIVITYESTS AND RESULTR §OBGROUPS

School enroliment, Fultime school Fulktime school
School enroliment, 196&0 1910-20 attendance, 190650 attendance, 191620 Literacy, 191620
Original New Original New Orignal New Original New Original New
Panel A: Baseline results
Baseline 0.0954™ 0.1299*** 0.0883" 0.0934" 0.1471" 0.158™ 0.1591™ 0.1608" 0.0587"" 0.0608™
(0.0233) (0.0333) (0.0225) (0.0260) (0.0287) (0.0379) (0.0252) (0.0282) (0.0186) (0.0195)
Observations 94665 65436 94665 65436 50058
Panel B: Specifications with additional controls
Health& health policy  0.1200” 0.0490 0.1187" 0.0623 0.1628" 0.0883 0.1646™  0.1170" 0.0724"  0.0761
(0.0291) (0.0527) (0.0262) (0.0276) (0.0355) (0.0507) (0.0294) (0.0335) (0.0233) (0.0240)
Observations 70945 49049 70945 49049 37555
Education& race 0.1235™ 0.1062 0.0793™ 0.0730" 0.1851" 0.1470™ 0.1581" 0.1345" 0.0556" 0.0146
(0.0208) (0.0435) (0.0208)  (0.0247) (0.0247)  (0.0429 (0.0250)  (0.0318) (0.0171) (0.0230)
Observations 76516 53001 76516 53001 40534
Full controls 0.1014" 0.0315 0.0850™ -0.0631 0.1408" 0.0815 0.1026" -0.0237 0.0513  -0.0429
(0.0349) (0.0856) (0.0224) (0.0342) (0.0421) (0.0756) (0.0325) (0.0450) (0.0213) (0.0296)
Observations 53647 37166 53647 37166 28459
Panel C: Demographic subgroups
Preteens 0.0932™ 0.1151" 0.0890™ 0.0967" 0.1416" 0.1415™ 0.1549™ 0.1627" 0.0912™ 0.0884™
(0.0255) (0.0381) (0.0242) (0.0268) (0.0302) (0.0421) (0.0266) (0.0278) (0.0253) (0.0262)
Observations 54653 38032 54653 38032 22654
Adolescents 0.0986™ 0.1567" 0.0877" 0.0938" 0.1573" 0.1734™ 0.1682" 0.1636" 0.0323  0.0389
(0.0280) (0.0408) (0.0282) (0.0326) (0.0336) (0.0464) (0.0295) (0.0349) (0.0165) (0.0184)
Observations 40012 27404 40012 27404 27404
Blacks 0.2299™ 0.2111" 0.1838™ 0.1622" 0.2601" 0.2188™ 0.2205™ 0.1872" 0.1078"  0.1198"
(0.0399) (0.0637) (0.0337) (0.0390) (0.0399) (0.0615) (0.0320) (0.0372) (0.0374) (0.0413)
Observations 31852 22833 31852 22833 17533
Whites 0.0378 0.1018™ 0.0270 0.0518 0.1103" 0.1412™ 0.1169™ 0.1427" 0.0264 0.0273
(0.0237) (0.0337) (0.0267) (0.0311) (0.0294) (0.0394) (0.0294) (0.0315) (0.0139) (0.0151)
Observations 62813 42603 62813 42603 32525
“Original” results copied from Bleakley (2007) T a hbnhae sourcelfisted th Bleakiey (200&) appéntices
190050 regressions include SEAp eci fic time trends, in accorRdameqgrwistsh otntse dor ingitnali 'ns aecgu

New regressions weighted byUMSprovided sampling weights. Standard errors in parentheses, clustered by state economi8aargde sizes not available from original.

Hkk

Standard errors in parentheses, clustered by state economic grea0.1.” p< 0.05." p< 0.01.
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TABLE7. REPLICATION @EEAKLE{2007)TABLHV: CONTEMPORANEOUS EAFEN ADULT OUTCOMES

Whole Male Female White Black
Original New Original New Original New Original New Original New
Literacy 0.0062 0.0207" -0.0107 0.0122 0.0203 0.0305" 0.0107 0.0121 -0.0014 0.0447"
(0.0095) (0.0089) (0.0108) (0.0110) (0.0127) (0.0113) (0.0112) (0.0114) (0.0229) (0.0193)
Observations 98562 49661 48901 65865 32697
Laborforce —-0.0069 -0.0088 -0.008  -0.0072 -0.0056 -0.0073 -0.0212 -0.0279" 0.0036 0.0260
participation (0.0134) (0.0129) (0.0065) (0.0064) (0.0284) (0.0299) (0.0124) (0.0122) (0.0249) (0.0221)
Observations 98562 49661 48901 65865 32697
Occupational 0.0526 0.2499 -0.0186 0.3543 0.0581 -0.0153 0.0855 0.6127 0.0224  -0.3008
income score  (0.2836) (0.3822) (0.4912) (0.4634) (0.4163) (0.5521) (0.3903) (0.6158) (0.3861) (0.3341)
Observations 60947 48397 12550 37090 23857
Lives in urban 0.0157 0.0013 0.0030  -0.0033 0.0280 0.0059 0.0199 0.0019 0.0132 0.0083
area (0.0172) (0.0139) (0.0190) (0.0166) (0.0177) (0.0155) (0.0226) (0.0198) (0.0245) (0.0228)
Observations 98562 49661 48901 65865 32697
“Original” results copied from Bl eak]l e yructing th®datp seflfrarh primary shurcksted\reBleakley (2097) |

appendicesNew regressions weighted by IPUISvided sampling weight&ample sizes not available from origirgtiandard errors in parentheses, clustered
by state economic aredp < 01."p < 0.05.
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3.2 Replicating and reanalyzifggure tIShort-term impacts on children
Bleakley (2007) includes a single fased on SCS regressionsoltresponds most closely to the upper left of
Table lin the originaland Table5 here, andis derived by fitting2) to data for 190850. The dependent variable
is school enroliment, and only demographic controls are included. As foreshadowedtion2.3, | attempt to
replicate that graph and then introduce three innovations:

1 Rendering it for the other S@8tcomes, in analogy with Bleakley (2007) Figure lII.

1 Includingthe full control setalsoin analogy with Bleakley (2007) Figure lIl.

1 Using theadrger IPUMS sample.

91 Incorporating adrmal test for the step shap€The other formal testonsidered in sectioB.4,
introducing polynomial time contro)ss less useful when the data ambserved at so few time poinis.

In addition, to add historical perspectivegkpand the graphs from 19680, as in Bleakley (2007), 1870~
195Q as in Blealdy (20®).1¢

The closest r epl i cFagure lloappeasséreirBtheal@pérlefiepsneadf RAgdré27The bhie
dots are point estimates and the vertical grey bars 95% confidence inteBrading within the bars indicate
confidence(In the original, he confidenceevel of the confidence intervals is not state8tandard errors are
clustered bycensus year SEAcombination®’ Consistent with the Bleakley (2007) conclusithe crosssectional
association between baseline hookworm burden and school enrollment rises between 1910 ardat@al0
more rapidly than in theperiodson either side However while the deceleration in 1920 is sharp, the
acceleration in 1910 is less cleaneTull hypothesiof no slopechange athe 1920kinkis rejectedby atwo-
tailed Wald testat p = 0.03 but only rejected at 0.37 for the 1910 kirfBothp values are diglayed in the
bottom left of that pane) On this testjt isnot clear that convergence acceleratedth eradication

Therest ofthe first row ofFigure2 movesto the other human capital outcomesor fulltime school
attendance bothslope changeare statistically significant. On the other hand, the literacy trehdws ndoreak
with the past (Lack oflataprevents checking for decelerati@mound192Q)

The second row dfigure2 addsB | e a Kull aontrol setsAs inTable6, panel B, thislestroys most suggestion
of an impact on human capital investment

Figure3is constructedin the same way aBigure2, except that itusesthe expandedPUMS sample§he 100%

samples available at this writing for 1910 and 1920 lack the literacy variable, so the literacy panes on the right of

the figure do not speak to the impacts of hookworm eradicatiand are included only for congieness For
school enrollment and fulime attendance, the number of census observations increases f@8066 to
58,034,919.

Perhaps the larger samples stabilize the resiitste than in the previous figure, thgraphsin Figure4 tell a
common storythe association betweehookworm prevalencand schoolinglid rise between 1910 and 1920,
and rose less in 19280—indeed, fell. But the riselsegin wellbefore the campaign.

Next Itreatin the same way theontemporaneous adtibutcomes studied in Bleakley (2007) TablelLike that
table, these figures showo clearassociatiorbetween the treatment variable anthe outcomes

16 Bleakley (2009) was published by the World Bank and is nearly identical to Bleakley (2007).

“"The “demographic controls” referred to in the caption

capti on fageafemale, keinadex agd, black; ad blackxa g e . ”
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Last, | perform time series variants of these regressibhese do little to update priors, but anecluded since
they were preregisteredThese spl it the samples in two, by wheth
40%—just as in Bleakley (2007) TablgJithin these low and highprevalence subsamples, | fit:

w 1 0 0 f 3)

0 is empty in the basic specification ahdldsall the crosssectional variables ithe full-controls specification.
These specificatiorsre motivated by the idea thapuretime series evidence of sharpppropriately timed
gains in schooling and literaayould strengthen the attribution to the eradication campaign. In fact, we find
very similar trends in both groups with a large jump in schooling in 2B00and smaller ones after. (SEgure
A2, which uses thexgpanded data set for precision.)

Overall, the replication and extension of Figure Il substantigigkens the case thditookworm eradication
quickly boosted human capital investment in children.

HGURE2. REPLICATION AND EXSEDN OBLEAKLE{2007)RGURHI

School enrollment Full-time school attendance Literacy
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HGURE3. REPLICATION AND EXSEDN OBLEAKLE{2007)HGURHI: EXPANDED DATRET

School enrollment Full-time school attendance Literacy
0.20+ 0.00
0.104
S oo I 0.10+
" = -0.10-
£
‘“GG'J 0.00 I
8. 010 I
o
© 0.10- -0.20 I
@ -0.204 l
-0.204
030 P=0.87,0.10 p =0.44,0.08 0.304
0.204 0.004
0.10+
I l I—./l\ 0.10 I l
0.00+
0 l I -0.104
2
1= 0.00
8 -0.104 1I l .
5
- -0.10- 020
-0.204
-0.20+
030 P=0.66,025 p = 0.80, 0.01 0.304
T T T T T T T T T T T T T T T
1870 18%0 19810 1830 1950 1870 1890 1910 1930 1950 1870 1890 1910 1830 1950

4 Retrospective cohort specifications

As noted earlier,lte RC specifications groopnsus observationsy state and year of birtihe geographic
coverage expands from the South to the continental United Stdtes.exposure variabl® w now takes the
step function form with respect to birth year, holding flat at O through 1891, rigegrlythrough 1910, then
flattening againEach tabulated regression takes data from a single cefi$uesorresponding figre plots data
from many censuss

Since the controls are all observed at the state level, the primary soare@sore consistent and completidan

some of thesources otountylevel information for the SCS regressiosmme of which comes from state

government reports, which vary in coverage and form@atill, ambiguities surface here too, which again impede
exact replicationSme of the educationvariablesake data from federal repostfor “circa 190232,” so the

original and reconstructed data setsagtake observationdrom different editions. | could not see how to

construct one control, male employment in 1930, from the cited source, ICPSR (1984), so | turned to the primary
source, as instantiated in the 1930 IPUMS 100% census s&mple.

B CPSR (1984) offers the unemployment denominator V131,
subdivided by sex.
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4.1 Replicatinglable V. Singlecensugetrospective cohorts

Bleakley (2007)s si ngl e tabl e of RC Tab&ed it asssesampactsenthree pl i cat e
outcomesiogearningsandyears of schooling as reported in the 1940 censmnsladult literacy as reported in

the 1920 censugEarningseported in 1940 are fot939) Earnings and schooling regressions are restricted to

ages 2560. In the original, the notes to the table state that the literacy regressions are restrictee@$al&g0

while the text (p. 108) gives 185. | use the latterAs in the original, all regressions are run withomean

reversion contro(lodd-numbered columns) and with (everumber columns.); this contrad the product of age
(equivalently, birth yeg and a statdevel measure ofarm-workerwages in 1899 (Lebergott 1964).

The new results do not give great cause to doubt the origidalin the original, the coefficients on the
treatment terms are generally positivand statistically significant imé earnings regressions and exhibit no
consistent pattern in the schooling regressiohlowever, the match is poorer for adult literacy, for which the
replication finds less significance for treatment, especially when including the-negansion control.

As discussed in secti@n3, [ al so run the Table V regressions whi
removesan asymmetry betweethe originalTable V and Figure,Ifince the first does not cover fdbntrols

specifications and the second daéable9 reports these regressions. For lack of better comparators, it

juxtaposes the new witiull-c ont r o | resul ts w-iull-dontrol results®he masgtidraraatic s wi t
changewrough by the introduction of controls is a rever ¢
the middle columns of the table). All of the negative impact coefficients for schooling become positive, and

many of the positive ones grov@n the other land,the positive impacts foundn earnings oblackslargely

disappear (last row).
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TABLES. REPLIGTION OBLEAKLE{2007)TABLEV: LONGTERM FOLLOWP BASED ON INTENSOF EXPOSURE TO TREATMENT CAMPAIGN

Dependent variables: Log earnings, 1939 Years of schooling, 1940 Literacy status, 1920
Contrqls for mean No Yes No Yes No Yes
reversion:

Original New Original New Original New Original New Original New Original New

Panel A: Main results
Independent variables
Hookworm infectionate  0.0286™ 0.0154"" 0.0234 0.0197° -0.0243  -0.0119 0.0037 0.0326 0.0158" 0.0065" 0.0115" 0.0028
x Years of exposure (0.0066) (0.0056) (0.0093) (0.0092) (0.0328) (0.0276) (0.0357) (0.0380) (0.0019) (0.0017) (0.0020) (0.0024)
Observations 257525 256806 537272 536029 407171 406200
Panel B: Changing returns to schooling
Independent variables
Hookworm infection rate 0.0254™ 0.0161" 0.0219™ 0.0189"
x Years of exposure (0.0044) (0.0029) (0.0063) (0.0049)
Hookworm infection rate  0.0023" 0.0024" 0.0022" 0.0024™"

x Years of exposure (0.0009) (0.0007) (0.0009) (0.0008)
x 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)
Obsenations 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) Tabl esowces. NelW eegréssiomeighted by UMSO 1

provided sampling weights. In panels A and C, each cell holds results from a different regression, whereas in panaliBmneatbes. Earnings and schooling regressions
restricted to ages 250. Literacy regressions restricted to ad&s45. Standard errors in parentheses, clustered by state of Biptk.0.1.”p < 0.05." p <0.01.
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TABLES. REPLIGTION OBLEAKLE{2007)TABLEV, ADDING FULL CONTRAIONGTERM FOLLOWP BASED ON INTENSOF EXPOSURE TO TREATMENT CAMPAIGN

Dependent variables:
Controls for mean

Log earnings, 1939

Years of schooling, 1940

Literacy status, 1920

. No Yes Yes No Yes
reversion:
Original New Original New Original New Original New Original New Original New
Panel A: Main rasts
Independent variables
Hookworm infection rate  0.0286™ 0.0337" 0.0234" 0.0338"  -0.0243 0.1145 0.0037 0.1144° 0.0158" 0.0108" 0.0115" 0.0117"
x Years of exposure (0.0066) (0.0094) (0.0093) (0.0093) (0.0328) (0.0568) (0.0357) (0.0558) (0.0019) (0.0021) (0.0020) (0.0025)
Observations 256806 256806 536029 536029 406200 406200
Panel B: Changing returns to schooling
Independent variables
Hookworm infection rate 0.0254™ 0.0289™ 0.0219™ 0.0286"
x Years of exposure (0.0044) (0.0078) (0.0063) (0.0076)
Hookworm infection rate  0.0023" 0.0024™  0.0022" 0.0024™
x Years of exposure (0.0009) (0.0007) (0.0009) (0.0007)
x Years of schooling
Observations 256806 256806
Panel C: Estimates of hookworm x expodoredemographic subgroups
Subsamples
Males 0.0265" 0.0312" 0.0253" 0.0310" -0.0690° 0.1194° -0.0376 0.1225° 0.0108" 0.0016 0.0083™ 0.0026
(0.0056) (0.0063) (0.0080) (0.0060) (0.0326) (0.0493) (0.0347) (0.0503) (0.0018) (0.0019) (0.0019) (0.0024)
Observations 189491 189491 266275 266275 201344 201344
Females 0.0322"  0.0433 0.0157  0.0445 0.0200 0.1093 0.0444 0.1059 0.0209" 0.0194" 0.0148™ 0.0204"
(0.0115) (0.0227) (0.0165) (0.0235) (0.0338) (0.0685) (0.0385) (0.0651) (0.0027) (0.0040) (0.0030) (0.0042)
Observations 67315 67315 269754 269754 204856 204856
Whites 0.0293" 0.0333" 0.0232" 0.0337" -0.0110 0.1290° 0.0164 0.1309° 0.013r™ 0.0054" 0.0086™ 0.0063
(0.0071) (0.0111) (0.0103) (0.0112) (0.0345) (0.0615) (0.0378) (0.0624) (0.0022) (0.0023) (0.0020) (0.0028)
Observations 227359 227359 479501 479501 357414 357414
Blacks 0.0220" -0.0067 0.0253" -0.0068 0.1013" 0.1669  0.0133 0.1733" 0.0314" 0.0170 0.0262™ 0.0181
(0.0072) (0.0308) (0.0103) (0.0303) (0.0387) (0.0985) (0.0461) (0.0828) (0.0065) (0.0097) (0.0063) (0.0090)
Observations 29447 29447 56528 56528 48786 48786

All results derived as ifiable8 except that‘ne wregressions includene Bleakley (2007) full control se&dtandard errors in parentheses, clustered by state of biptk. 0.1.

"p<0.05"p<0.01.
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4.2 Replicatingand reanalyzin§igure lland Table VMulti-census

retrospective cohorts
The lasdisplays in Bleakley (2@), Figure lihnd Table VVtakethe longest view. Unlike Table Mgy aggregate
data from many censuseall available between 1870 and 199Mbservations are still grouped by state and year
of birth.

The RC regressions assess impacts on two IPifM&ledmeasures of occupational standinthese ardgaken

to proxyfor income,a concepthe U.S. Census did not beglirectly trackinguntil the mid-20™ century.Both

proxiesare constructed from variables that have figured in the census much longescasigk available for all

the census rounds used here. The occupational income $€08&) introducedabove in sectionis an income

index based nreported occupation Duncan’s (1961) soci oermaiona@aboutc i nde
education levehs well.

Like Figure 1l for the SCS regressions, Figure 11l shows how theagtigsal association between baseline
prevalence and the outcomes of interest ieover time. Bleakley (2007) constructs the figure as follows:

1. The microdata sample is reitied toobservations of nativevhites aged5-60.

2. Within eachbirth-yearcohortbetween 1825 and 1963ixed-effect dummies for eachensus yearor,
equivalently, age-are partialled out of theccupational standinidicators*®

3. Thetwo occupational standig indicatorsare then averaged by birth year, birth state, and census year,
producing a threadimensional panel.

4. Within each birth cohort, théwo outcomes are regressed d@and optional statdevel controls.

5. The resulting 141 coefficient estimatfes 'Qf , are plottedin Figure IlF° Then,in Table V, they are
subject totime series analysis to assess whetfiet-fthe step functionwith the 19yearrise—is a
strong predictor. These regressions are weighted by the square root of the eslirsigtep 3.

I makeseveralcomments orthis methodologythe last of which seems most consequential

1 The census yeaixkd effects are more properly partialled out of all the regressors, not just the
dependent variables, in the spirit of the FrisdfaughLovell theoremIn principle, failure to partial the
fixed effects out of the other ght-side variables can cause their explanatory power to load onto those
variables in an OLS regressions. In practice, this matters little because the other variablessare
sectional, and so are nearly orthogonal to the census year effects. They aranbiyorthogonal
because the crosstate distribution of the sample varies somewhat from census to cenghi each
birth cohort The 1920 census, say, could havégher preponderancef people born in 189(h
historically lowprevalence statethan the 1910 censysnakingOslightly correlated with the census
year fixed effectsvithin the 1890 cohort

1 Aggregating the data before the main analysis prevents controlling for Agead demographic traits,
which all the other Bleakley specifications do. In pradtess, “ttsr"airef ers t o sex; r
the sample is restricted to whiteend age effects areeffectivelyremowved by the partiallingput of birth
year-census year effects in step 1.

1 While weighting by the square root of cell size is evidently meant to ingaificiency by reducing
heteroskedasticity, theorfavorsweighting simply by cell siz&.the cohort-specificregressions in step 4

19 put otherwise, dummies for each census yésth year combination are partiidd out in the full sample, which is how
Bleakley (2007) describes the process.
20Bleakley (2007) symbolizes the coefficignts
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areindividuallyhomoskedastic,then thevarianceof the error term in eaclis inversely propdional to
cell siz€! Assimingthat in thefinal-stagetime seriesregressionthis differential variance in the
dependent variabld, , carries over to the errgy thenhereerror variance too isnversely proportional
to cell size. Thiseteroskedasticitys reversedoy weighting byinverse variance, i.e., mell sizeln
symbols iffj is a column vector holding thie, i holdsthe rightside variables, anij is a diagonal
matrix whose entries are cell sizéisen efficientweightedOLSor the time seriess gven by
AL

1 Three of the five time series specifications reported in Bleakley (2007) Tidht#ude autoregressive
terms: past are taken as determinants of the currgnt. While this makes for an intuitive robugtss
test, the specification does not seem grounded in theory. It is hard to see how thesactssnal
association within one birth cohort betwedmstorical hookworm burden in the state birth andfuture
occupational standing would causadlifectthat association in the next cohotmake this point less to
criticize tre AR()specificationghan to helpjustify droppingthem in my reanalysis

1 The estimation proceeds in three econometric steggimbers 2, 4, and 5 abovéout the imprecision
in the firsttwo is not factored into the final one. The time series analysis treatb tlaes observed with
perfect precision.

Of these concerns, only the last was egistered. (See sectidhl.)

After reconstructing the origindigure and time series regressions, | implement an alternative approach that
addresses or sidesteps all of the above critictféhe alternatives merelyto copy the practice in the rest of
Bleakley (200), directly fitting to the microdata Tocompute te individual , | fit equation(2), above, to each
birth c¢ oh o rThe'sgecificatiotimport alltdemographic controls from the singlensus RC
regression that pertain, meaning fixed effects for each-segecombination? In fact, | consolidate all these
regressions into a single, fidample regression in which the are interactedwith all other rightside variables.
This facilitates the clustering of théasdard errors by birth stateacross cohds, a step taken to combat serial
correlation.

Then, to formally test whethe® w helps predict thé , | estimate two versions @1), which correspond to
Models 1 and 2 in sectidh4. These regressions too are run on tinécrodata, not as in Bleakley (2007), ¢time

I derived in the previous stef.he first versiomeplaceghe "O in (1) with the three linearspline terms that
generalize the functional form @ w.rSince Bleakley giv€sw g 19year rampup, lgivd he “bef or e”
“after” tskgmemeé¢'ss we -—lygegrs ohmverages welkTo helpradise, in thnear
splinemodel,the regressiomeplacesO ‘O @ in (1) with three terms:

0 O [ ETd puwwio [ EFd pwpm (@)

wherei E T is the minimum function andis birth year. The sample is restrictedtte o p w v )pirth
yearsbetween1872and 1929.

21 More precisely, cell size times the variance estimate converges with sample size to the true variance, with fyrababili
22 initially implemented a bootstrapping approach, in which the combined zeroth and first stages served as the basis for
wild bootstrap data generating process. | dropped this after realizing that it could not simulate AR() processes in the final
stage and that for model without AR() terms, the omnibus OLS approach was appropriate, provided it could be made
computationally practical.
23 Below, when the data set is expanded to blacks, singlesus RC controls involving race are also retained.
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The second versioof (1) retains™O  ‘Qux] as a unitary term andhsteadechoes Bleakley (2007), Table VI, in
controlling for polynomial trends in tim&ach polynomial model of ordé€lis fit to the full sample. The terms of
interest, inserted ino, are:

0 0 5)

‘Qranges up to 5 since Bleakley (2007), note 25, reports testing up to that order.

Under either model,lis more direct approacto inference retaingearly all the substantive elements of the
original: itcombinesdata from many censuses while controlling within birth cohorts for census year effects.
Improving on the originalit controls for sex, to address evolving gender roles in the labor market. It
incorporates uncertainty in all steps into the final estimates. And it avoids the need to choose weights, square
root or otherwise, for thé . There is one econometric loss: putting all the estimation steps into an omnibus
OLS regression makes it impossible to model the intermediate estinhates, autoregressive. But as | argue
above, this loss is not greaknd it is offseby the more aggressive exploration of tkeep andpolynomial

modelsto test robustness, and by the clustering of the variance estimate by, stdtieh should adjust for
autoregressiveserial correlation

To start theapplication Figure4 attempts toimitate the original Figure Il in data and methodotly departs
substantively iradding(95%) confidence intervals fopoint estimates, whiclBleakley (2007) Figurediso does,

but Figure Ill does noUnlike in Bleakley (2007hd O w step function is not superimposeazh the plot But

dasheadvertical linesshowwhere itkinksThe or i ginal’'s patterns of dots ar
come through exactly.

TablelO, below, does the same fd@leakley (2007) Table Véportingtime series regressions on the dots in
Figured. The first row of results is for the SEI regression without full controls, and corresponds to the upper left
of Figure4. The next row is for the bottoreft of Figure4. And so on. Across the table, manytioé new point
estimates do not matckhe original ones thatvell. But theorder ofmagnitude, sign, ansignificance areisually
about the sare.

Figureb updatesFigure4 by fitting to the expanded data seThis recallfrom Tablel, adds 1860, 1930, and

2000 census datand enlarges samples for other yedrsaddiion, copying the rest of the papghe sample is
extended to blacks as well as whitédl the demographic controls in the singlensus RC regressions involving
race are now includedrhe time series are much less noisy now: this is obvious from a gu@mparison of
Figure4 andFigureb, and becomes even clearer after one notes that the vertical ranges on the new graphs are
narrower.

Figureb confronts us with thgparamountempirical question in the RC analysiigl the association between
baselinehookwormprevalence and futureccupational standingse at arhistorically anomalous ratamong
the birth cohorts born inthe run-up to eradication’A gaze aFigureb suggests that the answer‘igo.” To
formally test that interpretation Figure6 and Figure? fit the linear spline and polynomial modelsttoe
microdata. The figureretainthe dotsfrom the previous figure but, for legibilitglrop the confidence intervals.
For the same reason, féie polynomial model, fits of order 4 and 5 are not drawn.

The linear spline model fiia Figure6 do not reject thenull of no aromalous riseMuchas inFigure3, in the
bottom right of each graplre displayeg valuesfor trend breaks in 1891 and 1910.

Figure7 displays thepolynomialfits. For the occupational income score (e right of the figure), radels of
order 0, 1, and 2in orange, green, and purplenostlyreturn positive and statistically significant coefficients on
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‘O w.nHowever, moving to a cubic or higherder fit greatly weakens thiinding see the red curves and the
final p values in eachight-sidepane And whilewe can expect thatontrolling fora time polynomial of high
enough ordercould depriveO w gf predictive value, evewhenO w i$ part of the true model, the curves in
Figure7 do not appear to be overfittinthe OlSdata in this way. The ranges of highest curvature in the cubic
model fit occur well outside the perbof critical interest, 18941910. To the contrary, the lowarder models
appearmisspecified in the sense &igurel.

The polynomial fits for Dun c &igure3) prsdoce aless aomsistenmi ¢ i ndi
pattern. Without controls, the impact estimates are statistically indistinguishable from zero. With controls, they
tend to point to a positive impact of hookworm eradication, even controlling for a cubic function ingime (
0.15).However given the mild statistical significanceof thisfinding, the weaker estimate under the cubic model

for the occupational income score (lower right of Figure7), and weak results in the corresponding linear spline

fit (bottom left of Figure6), this finding does not look very robust.

Tablell provides more information on the polynomial model fits to order § following the format of Bleakley
(2007) Table VT he coefficient on the treatment teri® ‘O w tgnds to stay positive and significant up to the
guadratic model, lose significance in the cubic, and turn negative in timticjurhese results are roughly
consi stent wit h IBave expetineentéd svith highpmaer polyriommiatrends andfound no
estimates of exposure that are statistically significantfor v” note 29.

Perhaps aruer model would assume that hookworm expostaées a longerm toll onlywhen it occurs early

in life. Without specifically mentioning helminthgictora et al. (2008) suggest that hedtifore agewo may
matter especially for later life. If so, theve should modeD w as rising much more suddenly, say, between the
1910 and 1912 birth cohorts. | have not formally tested that model, but thplgs to do not point to any such
sudden change.
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HGURE!. REPLICATION AND EXSEDN OBLEAKLE{2007)HGURHII: RECONSTRUCTERTA SET

Duncan's socioeconomic indicator Occupational income score
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TABLELO. REPLIGTION OBLEAKLE{2007)TABLEVI: EXPOSURE TRSCVERSUS ALTERNATIWEESERIES RELATIONSHIPS

1) 2 3 4) 5)
Outcome Controls  Original New Original New Original New Original New Original New
Duncan's socioeconomic Basic  0.5352" 0.3407" 0.7566" 0.3363" 0.3928" 0.2965" 0.5983" 0.2927" 0.4858" 0.2473"
indicator (0.0418) (0.0388) (0.1069) (0.0813) (0.0520) (0.0569) (0.1124) (0.0853) (0.1282) (0.0872)
Duncan's socioeconomic  Full 0.5007" 0.7807" 0.8820" 1.0590" 0.3544" 0.8982" 0.6616™ 1.2001™ 0.7081" 1.2869"
indicator controls (0.0661) (0.0989) (0.1707) (0.2310) (0.0735) (0.1334) (0.1791) (0.2643 (0.1969) (0.2852)
Occupational income Basic 0.3113" 0.3024" 0.2915" 0.1947" 0.2612" 0.2990" 0.2497" 0.1943" 0.1912" 0.1656"
score (0.0214) (0.0206) (0.0542) (0.0483) (0.0384) (0.0431) (0.0612) (0.0492) (0.0622) (0.0471)
Occupational income Full 0.2623" 0.2849" 0.3732" 0.1907 0.2346" 0.3340" 0.3393" 0.2078 0.2742" 0.273I"
score controls  (0.0339) (0.0483) (0.0858) (0.1098) (0.0438) (0.0562) (0.0960) (0.1159) (0.1007) (0.1057)
Order of Polynomial Trend: 0 1 0 1 2
Order of Autoregressive Process: 0 0 1 1 2
“Or i gi nal 'edfroenBledkleyg2007)Tpe “ New” results computed aft er ourcezRowsaremnact i

different order than in the originaNew regressions weighted by IPUHd®vided sampling weightsleteroskedasticityobust sandard errors in
parentheses.p< 0.1."p< 0.05""p< 0.QL.
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HGURBES. REPLCATION AND EXTENSIORBLEAKLE{2007)HGURHII: EXPANDEDATA SET

Duncan's socioeconomic indicator Occupational Income Score
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FGURES. REPLICATION AND EXBEDN OBLEAKLE{2007)AGURHIl: MODEL WITH LINEAR BELGENERALIZATION STEP
FUNCTION

Basic specification

Full controls

Duncan's socioeconomic indicator

Occupational Income Score
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FGURE . REPLICATION AND EXSEDN OBLEAKLE{2007)AGURHIl: MODEL WITH POLYNOMIAME CONTROLET TO
EXPANDEDATA SET

Duncan's socioeconomic indicator Occupational Income Score
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TABLELL. REVISION OBLEAKLE{2007)TABLEVI: EXPOSURE TRSG/ERSUS ALTERNATIMESERIES RELATIONSHIPS

Outcome Controls Coefficient oiO O w1

Duncan's socioeconomic Basic 0.0862 0.1314 0.0835 -0.1958 -0.1754 -0.3905"
indicator (0.1434)  (0.1844)  (0.1554) (0.1617) (0.1366) (0.1460)

Duncan's socioeconomic Full controls  0.3268 0.6975™ 0.4833" 0.2717 0.1924  -0.4565
indicator (0.2681) (0.2296) (0.1939) (0.1845) (0.1813) (0.2369)

Occupational Income Basic 0.2077 0.1183 0.1356 0.0035 0.0178 -0.0499
Score (0.1145) (0.0964) (0.1115) (0.0675) (0.0771) (0.0636)

Occupational Income Full controls  0.1882" 0.2207" 0.1993 0.0284 -0.0051 -0.1894"
Score (0.0704) (0.0828) (0.1038) (0.0902) (0.0925) (0.0889)

Order of Polynomial Trend 0 1 2 3 4 5

Estimates based on expanded data set, including blacks as well as.\Ragesssions weighted by IPUN®vided
sampling weightsandard errorsclustered by state of birtfin parentheses'p< 0.1.” p< 0.05.""p < 0.0l

5 Conclusion

Bleakley (2007) identifies impacts from a variable that is the product of two factors: the geographic pattern of
baseline hookworm burden and treaidden onsebf the eradication campaign in the early 1910s. The first factor

31



Hookworm eradication in the American South

cannot be viewed as exogenous since it is a marker for climate and geography, and thus economic history. The
second can be taken asediblyexogenous, but only in the short termihat is, the facthat eradication occurred
between, say, 1850 and 1950, is part and parcel of the economic and scientific development of the United
States. That it began in 1911 rather than 1906 or 1916 is more an accident of Higtosy given the priors |

bring to thisstudy, for it to produce strong evidence of impact from the campaign, it must demoastrat

historically anomaloushanges in the outcomes of interest in the time dimension, and that over a range
measured in years rather than decades.

In my view, few of theegressions in Bleakley (2007) specify the model richly enough in the time domain to
produce such evidence. Most effectively fit to a step function while controlling linearly for time. This model can
easily generate misleading results when fit to a sen#h longterm structure such aanS 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 these results do not appear robust. Wéterefe to SCS regressions

for shortterm impact on schoaénrolment, the results do not appear consistently across measures of human
capital investment and do not persist upon expansion of the census microdataisetusion of the full control

set. Anyrises in 191020 appear to have begun earlids forthe RC specificationexpanding the census

samples andpplyingformal tests for acceleration and deceleration at critical times ledittés evidence of

positive long-term impact on occupébnal standing.

That the original study concludes otherwise owes perhaps in pais smnallercensus dataets, whictdo not
allowthe sameprecision in estimation. As well, certain results, such as the gbort association with schooling
when controlsare not included, seem disproportionately emphasized. And the original does not impose as
heavya burden of proof, evidently putting more weighn the tabulated regressionthat | argue are easily
misspecified.

Most of the revisions on which | base thelgment of fragility were not @-registered.The exception is
controlling for polynomials of order up to 5, which was implicitly-prgistered since Bleakley too ran such
regressions. That said, all come from relatively obvious aneanoitrary sourcesusing the latest data sets from
IPUMSand copying choicesom specification to specification within the original paper.

Without access to the original data and code, we cannot determine to what extent the discrepiarities
replicationowe to errorsin either version, to subtle differences in variable constructmrp IPUMS revisions
However, GiveWell is publicly posting the full data and code for this replica#itih and unlesghe original

data and code are accessible, | believe that this mexgion should be taken as the reference implementation of
Bleakley (2007). Only it can be subject to the review and replicatiorctistacterizescience
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Appendix: Additional figures

FGUREA 1. EXTENSION dBLEAKLE{2007)FRGUREI TO ADULT OUTCOMEXPANDED DATA
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HGUREA 2. TIME SERIES VARIANFRDEAKLE{2007)HGURHI, WITH SEPARATE RESRBENS FOR BELOWD ABOVE 0%
PREVAENCE SAMPLEXPANDED DATA SET
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