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Abstract

Recent research has reported positive effects on schooling due to in utero pro-

tection from iodine deficiency resulting from iodized oil capsule distribution in

Tanzania. We revisit the Tanzanian experience by investigating how these effects

differ over time and across surveys; across different treatment specifications; and

across additional educational outcome measures. Contrary to previous studies, we

find that the estimated effects tend to be small and not robust across specifications

or samples. Using all available data and a medically motivated iodine depletion

function, we find no evidence of a positive long-run effect of iodine deficiency pro-

tection on educational attainment.

Keywords: Iodine deficiency, Education, Prenatal exposure, Multiple outcomes, Repli-

cation, Field, Robles and Torero

JEL: I12, I21, J16, O15

∗We would like to extend our gratitude to Douglas Almond, Sebastian Axbard, Rita Ginja, Linna
Martén, Eva Mörk and seminar and conference participants at Uppsala University and EEA Gothenburg
2013, for comments and suggestions. Bengtsson and Sävje acknowledge financial support from the
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1 Introduction

Iodine deficiency (ID) is known to have significant effects on brain development and

cognitive ability. Iodine exists naturally in the soil, but its natural prevalence varies

across regions, and iodine deficiency disorders (IDD) remain endemic in many developing

countries. Preventing ID is relatively inexpensive and is expected to have substantial

economic and social benefits (World Health Organization 1992). Since the 1970s, iodine

supplementation programs have been implemented on a large scale throughout Africa

and Asia, and many of these programs have been followed by countrywide increases in

economic growth and educational attainment.

In an important contribution, Field, Robles and Torero (2009) use the natural varia-

tion in fetal ID protection arising from an iodized oil capsule (IOC) distribution program

in Tanzania to estimate the impact of ID protection on educational attainment. The

Tanzanian IOC distribution program was launched in 1986 and is noteworthy for its

sheer size: the IOC programs targeted districts that contain a quarter of the Tanza-

nian population and a total of 6 million IOCs were distributed (Peterson et al. 1999).

To isolate the causal effect of ID protection, Field et al. (2009) use the roll-out of the

programs and the timing of births as the source of identification. The main identifying

assumption is that fetal brain development is particularly sensitive to iodine deficiency

during the first trimester. This assumption is supported by previous medical research,

which has established that iodine availability in the early prenatal period is of great

importance for future development (Pharoah and Connolly 1987; Cao et al. 1994). As

mothers are (arguably) unable to perfectly time their pregnancies and the exact tim-

ing of the programs differ in an unsystematic way, exposure to iodine supplementation

during the first trimester is as-if random, given fixed district and cohort effects.

Field et al. (2009) focus on educational attainment among children aged 10-13 and

find that the iodine supplementation programs increased educational attainment by 0.35

years on average. They find no effects on health, suggesting the mechanism operates

chiefly through cognitive ability. Using the IOC programs’ coverage rates in Tanzania

to calculate the hypothetical case of achieving full IOC protection, they conclude that

internationally, “the expected increase in grade attainment for a child protected from

fetal ID is a minimum of 0.73 years” (p. 165). Moreover, they find that the impact of ID

protection is larger and more robust for girls, which would provide an explanation for

gender differentials in higher education since “lower female attainment is almost entirely

accounted for by the extremely low rate at which girls pass the national secondary

school qualifying exam” (p. 142). Using the same identifying strategy, Adhvaryu and

Nyshadham (2011) find that ID protection also affects parental investments in child

health, suggesting that behavioral responses can be of importance in addition to the

direct biological link.

In this paper, we exploit the availability of new data to reexamine the link between

ID protection and educational attainment in Tanzania, using longer-run outcomes and

complementary educational outcomes. A first motivation for our study is that the
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medical literature is not fully informative about the effect of mild iodine deficiency in

utero on educational gains (Zimmermann 2009a). While there is a documented link

between iodine deficiency and cognitive ability among children (although it is not fully

explored), educational attainment does not necessarily reflect cognitive ability, partic-

ularly in Africa (Chaudhury et al. 2006). Other indicators of cognitive ability, such as

literacy, might be more informative regarding the mechanisms involved. Second, long-

term data are necessary to assess the proposition that ID protection increased secondary

school enrollment among females, thereby helping to close the gap in male-female sec-

ondary education. Finally, the robustness of past work with respect to sample, outcomes

and model specification needs to be assessed to fully characterize its significance, in par-

ticular given the strong assumptions on the timing of birth and the timing of the IOC

program.

To serve this aim, we revisit an extended number of cohorts exposed to the IOC

program in utero. In particular, we include data from individuals born between 1986

(when the first IOC began) and 1994 (when salt iodization was nearly universal) collected

from five household surveys conducted between 1999 and 2010. In total, we increase the

sample size by more than 600% relative to the past literature. The additional data not

only increase precision and the scope for long-term analysis but also contain better data

for the identification of treatment effects.

We improve the treatment assignment primarily by employing an updated depletion

model that is more relevant to the Tanzanian context, and by using more detailed birth

date information. This improvement is important because the identification strategy

requires exact information on the biological properties of iodine depletion, the roll-

out of programs and timing of birth. As this information cannot be directly observed,

additional assumptions and approximations must be made, which are likely to introduce

measurement error in the treatment assignment variable. Due to this imprecision and

because protection is likely to spill over across trimesters and even to infancy (Zoeller and

Rovet 2004), the estimates should be interpreted as lower bounds of the treatment effects.

However, due to the improved treatment assignment used in this study, attenuation bias

is expected to be lower than in Field et al. (2009), which would result in larger estimates

if the true effect is positive (i.e., tighter lower bounds).

On the full sample, using specifications that from an a priori perspective are sufficient

to identify causal effects, we find no evidence that fetal ID protection affects educational

attainment or literacy. We find indicative effects when using a particular depletion

function, on some particular subsamples, and on some particular outcomes. However,

using our preferred iodine depletion model on the pooled set of data from all surveys,

adjusting inference for multiple outcome indicators, and combining all available sources

of information to maximize precision (but disregarding potential attenuation bias due

to measurement error), we find no long-run effects and can also reject economically

significant effects. There are no significant differences across genders. Our conclusion

is that the identification method used in this study, and previously in the literature,

on the existing data cannot establish whether the IOC programs in Tanzania had an
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impact on educational attainment.

The discrepancy between our conclusions and those of the existing literature lies

primarily in the use of new data and new outcomes. The Tanzanian Household Budget

Survey from 2000 (THBS 2000) is the only data source in which we find statistically

significant effects on educational attainment on the full sample, consistent with the

claims in Field et al. (2009), who focus on that data source. However, when employing

our preferred specification on the THBS 2000 data, the estimated effects are lower and

exhibit no significant gender differences. This difference can be attributed to slight

differences in the employed specifications, of no obvious a priori significance.

In addition to our main analysis, the alternative data sources allow us to compare how

the proxies used to identify birthplaces (based on the current place of residence) relate to

the true place of birth. While we find that migration might have an attenuating effect,

we also find indicative evidence that endogenous migration result in an overestimation

of the effect for women and an underestimation for men—thereby providing a possible

explanation for the findings reported in previous studies. Migration alone is, however,

unlikely to explain the lack of significant effects or the differences in estimates among

surveys. As the diluting effect of migration is expected to increase over time, we would

expect (significant) positive effects in the early surveys that over time tend towards zero.

Instead, the estimates indicate positive effects in the surveys from 2000 and 2008 and

negative or zero effects in 1999, 2004 and 2010.

The paper is structured as follows. In the next section, we outline the background

of the intervention and iodine deficiency. Section 3 discusses the data and the empirical

framework. The results are presented in Section 4. Section 5 investigates whether the

lack of evidence can be explained by attenuation bias due to migration or imprecise

birth information, and Section 6 concludes.

2 Background

2.1 Iodine and iodine deficiency disorders

The proposed link between in utero exposure to iodine deficiency and educational at-

tainment is expected to primarily operate through the biological link between iodine

deficiency and cognitive ability. Iodine is a chemical element and a micronutrient im-

portant for the synthesis of thyroid hormones. Thyroid hormones play a vital role in the

regulation of metabolism and, more important for this study, are essential for growth and

development in humans. The conditions resulting from low levels of thyroid hormones

are generally labeled iodine deficiency disorders (IDD). We will use the abbreviation

ID for iodine deficiency. While these deficiencies might be reinforced or counteracted

by social mechanisms during childhood, in this paper, we will primarily focus on the

reduced-form relationship between ID exposure and educational attainment.

The most common cause of IDD in developing countries is low dietary iodine intake,

which over time leads to the depletion of iodine stores and thereby the decreased pro-
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duction of thyroid hormones. The availability of dietary iodine varies with geography.

Particularly inland regions with old, non-clay soil surfaces tend to have low soil iodine

availability and low availability of iodine-rich sea-food, which result in low dietary iodine

intake (Fuge and Johnson 1986). However, there are several interacting factors affecting

the intake of iodine or its synthesis into thyroid hormones. Among these is the availabil-

ity of other micronutrients vital for thyroid synthesis, predominately iron (Zimmermann

et al. 2000) and selenium (Vanderpas et al. 1990). Further, goitrogens, which are sub-

stances that interfere with the uptake and metabolism of iodine, have a detrimental

effect. Two common sources of goitrogens are cassava consumption and tobacco use.1

The prevalence of IDD thus varies greatly both between and within countries depending

on the exact geography and dietary conditions. All these factors are relevant in the

current setting. An early survey estimates that 40% of the Tanzanian population lived

in areas with low iodine availability and 25% suffered from iodine deficiency (Haar et al.

1988).

The most common and noticeable of the IDDs is goiter, which is the enlargement of

the thyroid gland. The enlargement is a compensatory response to low iodine intake that

increases hormone production efficiency. Although the effects of goiter is mild relative to

other IDDs, it can lead to irreversible thyroid dysfunction and is important in tracking

the overall prevalence of ID due to its noticeability. Some of the most severe IDDs are

the result of ID during the pregnancy and childhood, due to the sensitivity of brain

development to deviations from optimal thyroid hormone levels during that period.

Severe instances of ID during pregnancy are associated with stillbirth, spontaneous

abortion and severe mental retardation—cretinism (Zimmermann 2009b).

Although the more severe negative health effects of ID have long been known, more

recent studies have highlighted that also mild ID during pregnancy is associated with

hindered development (Lavado-Autric et al. 2003; Pop et al. 1999; Haddow et al. 1999).

While there is an ongoing discussion concerning the exact period of greatest sensitivity

to ID and how persistent the effects of mild ID are, there is substantial evidence that the

early prenatal period is particularly sensitive. Notably, during the first trimester, the

fetus cannot itself synthesize thyroid hormones and is completely reliant on the mother’s

hormone production and is thus arguably more sensitive to ID. Further, experimental

studies have demonstrated that cretinism can be prevented in an iodine deficient pop-

ulation only if supplementation is given before conception (Pharoah et al. 1971), and

that iodine supplements fail to prevent hindered cognitive development to a measurable

level if given in the third trimester (Cao et al. 1994).

The previous literature has primarily focused on the effects of ID in early childhood.

The effect on outcomes in later childhood and adulthood, including the effect on higher

cognitive abilities, has been less studied. There is evidence that different sets of abilities

are sensitive to ID during separate periods, and only a subset of these is confined to

1See, for example, Gaitan (1990); Bourdoux et al. (1978); Bertelsen and Hegedüs (1994). Particularly,
the exact means of preparing cassava for consumption substantially affects the amount of goitrogens
(Peterson 2000).
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the prenatal period (Zoeller and Rovet 2004 provide an overview). These other abilities

might also affect educational attainment later in life. The estimates resulting from the

use of the first-trimester identification strategy (outlined below) are thus likely to be a

lower bound of the effects of ID on educational outcomes.

The persistence of severe cognitive disability from early ID is well established; for

example, cretinism is a permanent disorder and thus the effects of supplementation pre-

venting cretinism continue long after birth (Pharoah and Connolly 1987). The evidence

regarding milder ID is more mixed. While there are indications that sufficient iodine

can have a compensating effect on spells of ID, at least during prenatal development

(Pop et al. 2003), those treated for existing disorders were found to have only partial

recovery (see Dugbartey 1998 for a review).

The discrepancy between girls and boys observed in Field et al. (2009) is a some-

what unexpected result. There are two laboratory studies on rodents that provide some

indications of gender differentials. In particular, Chan et al. (2005) report different

responses between male and female guinea pigs in the regulation of thyroid hormone

receptors. However, Chan et al. note that this may be the result of different compensat-

ing mechanisms rather than a manifestation of increased sensitivity. Further, Friedhoff

et al. (2000) observe behavioral differences between male and female rats when their

mothers’ thyroid glands were completely removed, thereby inducing severe ID during

the prenatal period. There are, however, virtually no studies on human subjects have

been able to establish a gender difference with respect to the effects of prenatal ID pro-

tection. Other than Field et al. (2009), the one exception to our knowledge is a recent

observational study of one-year olds in Spain that finds a correlation between a diet low

in iodine (proxied by self-reported fish consumption and mineral supplement intake)

among pregnant mothers and infant neurodevelopment (Murcia et al. 2011).

2.2 The IOC programs

Following the increased awareness of the benefits of IDD prevention, several large-scale

IOC supplementation programs were introduced in the late 1980s in Tanzania. The

intended purpose of the IOC programs was to target the populations most affected with

IDD until universal salt iodization (USI) began in the early 1990s. The IOC programs

were thus directed to districts with high goiter prevalence, and a total of 27 districts

were selected for inclusion.

The intended structure of the programs was to distribute iodized oil capsules ev-

ery second year. At each distribution round, each male and female aged from 2 to 45

years was to be given IOC containing 400 mg of iodine, and children aged from 12 to

23 months were to be given a dose of 200 mg of iodine (Peterson et al. 1999). Due to

administrative problems, delays in both initial and repeated distribution rounds were

common, with only 10 districts receiving their initial round in 1988 or before.2 The

average coverage rate was 64%, and full coverage was never reached in any district.

2Refer to Appendix A for details on the timing of the programs.
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Despite the distributional problems, the programs reached a substantial number of indi-

viduals. A conservative estimate is that the programs provided 12 million person-years

of protection from ID (Peterson et al. 1999).

In the early 1990s, the USI program had begun. By that time the focus of the IOC

programs shifted from districts with high IDD prevalence to districts not yet reached

by the USI program, namely districts where less than 75% of households had access to

iodized salt. Thus during this period the absence of an IOC program does not necessary

indicate that the population is unprotected from ID, even in districts with previously

very high levels of IDD.

2.3 Schooling

The educational system in Tanzania is divided into three levels—primary education,

lower secondary (“ordinary level”) and higher secondary (“advanced level”). Primary

education consists of the first seven grades of formal education, of which each grade is

expected to take one year to complete. Secondary education encompasses six grades

in total, divided into four grades of lower secondary and the following two in upper

secondary. Children are expected to begin the first grade of primary education at age

seven, thus completing primary school at age 13 (Ministry of Education and Culture

1995). During primary education two mandatory exams are given—the first in the fourth

grade and the second at the end of primary education.

Considerable advances have been made to achieve universal primary education in

Tanzania in recent years.3 However, during the IOC program, Tanzania struggled with

late school entry and high drop-out rates. The gross enrollment rate in 1998 was 76.4%,

but due to late entry and repeated grades, the net enrollment rate was only 56.7%. The

transition between grades was low: in 1998 the probability that a student prematurely

left education, on a yearly basis averaged over all primary grades, was 6.6% and the

probability of repeating the previous grade was 3.1%. One large contributing factor

is the fourth grade exam, after which 8.8% of the students drop out and 11.6% of

the students repeat the fourth grade. The exam at the end of primary education, the

Primary School Leaving Examination, which confers eligibility for secondary school,

had a pass rate of 27.1% in 2002 (Ministry of Education and Culture 2002). For cohorts

relevant to this study we therefore expect a considerable margin of improvement.

3 Empirical analysis

3.1 Data

We investigate the effects of protection from ID using data from a collection of five house-

hold surveys conducted in Tanzania between 1999 and 2010. Three are the Demographic

3In the early 2000s, the Tanzanian government launched a large-scale program, the Primary Educa-
tion Development Program (PEDP), with the purpose of increasing enrollment and educational quality.
Subsequently, the net enrollment rate rose to 80.7% in 2002. This program targeted cohorts younger
than those studied here.
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and Health Surveys (DHS) for the years 1999, 2004-2005 and 2009-2010 (hereafter la-

beled DHS 1999, DHS 2004 and DHS 2010). The fourth is the first wave of the National

Panel Survey conducted in 2008-2009 (labeled NPS 2008), and the fifth is the Tanzanian

Household Budget Survey of 2000-2001 (labeled THBS 2000).

The surveys differ somewhat in their construction and focus, but all of them are

representative of the whole of Tanzania and contain the relevant data needed for iden-

tification.4 All were conducted by the National Bureau of Statistics in Tanzania with

the involvement of international organizations.

The main outcome of interest is educational attainment, measured by the number of

completed grades. As non-standard grades are reported differently across surveys, we

restrict our attention to established grades in formal education (namely the seven grades

in primary school, the four grades in lower secondary and the two in upper secondary).

We code the educational attainment variable such that it takes the value of the highest

completed standard grade (where 0 is no grade, 1 is the first grade in primary school and

13 is the last grade in upper secondary school). In addition, we will consider alternative

definitions of educational attainment, such as binary indicators of milestone educational

achievements (e.g., completed primary school), as well as a literacy indicator. The

definitions are discussed in detail when the results are presented in Section 4.

The analysis is restricted to the sample of respondents who are permanent residents

of the surveyed households (unless otherwise noted) and are related to the household

head. This differs from previous studies, which further restrict the sample to children

of the household head. The changed sample restriction is made in an effort to increase

sample size and improve generality of the results (as all children in the included sample

was targeted by the IOC programs). When we perform our analysis on the subsam-

ple of children of the household head, as presented in Appendix D, there are only slight

differences compared to our main specification and only when analyzing the genders sep-

arately. The overall conclusion are thus unaltered by this restriction. This specification

choice is further discussed in Appendix B.

The cohorts potentially benefiting from protection from ID in utero were born be-

tween 1986, when the first program began, and 1994, when universal salt iodization had

begun in nearly all districts.5 We include all districts targeted by at least one IOC pro-

gram, net of two targeted districts where the first program began in 1994 or later (and as

a result there is essentially is no treatment variation). The two districts are the Mbinga

4The main differences are that the DHS surveys also conduct a more in-depth interview with a
selected number of respondents in each household, mainly women. While the additional information
available for these respondents is not vital to the analysis, it aids us by providing more accurate
measurements of the birth date (and in the DHS 1999 and DHS 2004 also revealed literacy). The NPS
2008 is the first wave in a long-running panel data set under construction, with highly detailed data.
The sample size is subsequently lower than in the cross-sectional surveys. The THBS 2000 is, instead,
a large survey with less detailed information.

5Salt iodization began prior to 1994 in some districts. For later cohorts in the sample, the absence
of an IOC program does therefore not necessarily imply vulnerability to ID. As this would tend to
contaminate the control group, albeit only for a small subset of the sample, in Appendix E we investigate
the effect for the cohorts born before any salt iodization (cohorts born 1986 to 1990). The effects then
tend to be negative but do not change the overall conclusions.
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district in the Ruvuma region and the Bukoba Rural district in the Kagera region.6 On

the one hand, their inclusion could increase the precision in the control variables and

the time fixed effects. On the other hand, as the objective of the later IOC programs

was to complement the salt iodization programs, we have reason to believe that these

districts were targeted on different grounds than districts with early programs.7 As a

precaution, we therefore exclude them from the main analysis. However, the results are

not sensitive to their inclusion, as presented in Appendix F.

In our primary treatment specification, but not in the four alternative specifications,

we use information from a number of goiter surveys that were conducted in Tanzania

during the 1980s. The purpose of these surveys was to estimate how widespread and

severe IDD was in Tanzania. Due to the complexity and diversity of the disorders

following from iodine deficiency, a common procedure was to use goiter prevalence as a

proxy for other disorders. In particular, we use the district average total goiter rate—the

ratio between individuals with an enlarged thyroid gland and the total population—

proxied by goiter prevalence amongst school children when calculating the probability

of treatment.8

3.2 Empirical strategy

We follow Field et al. (2009) and adopt a fixed effects approach where treatment is

considered to be as-if randomly assigned conditional on district and birth date effects.

The exact specification is described by:

Yidt = β0 + β1Tdt + β2Xidt + µd + λt + εidt, , (1)

where Yidt denotes the studied outcome for respondent i born in district d with birth

date t. The treatment variable, Tdt, is the calculated probability of in utero protection

from ID for an individual born in district d at date t (see the following section for details

of this calculation), thus β1 is coefficient of interest. µd and λt are district and birth date

fixed effects and Xidt is a vector of control variables measured at either the individual

or household level. We allow the error term εidt to be correlated within each cohort in

a district (by clustering the standard errors at the district-birth year level).

The main difference from previous studies is that we use a more parsimonious spec-

ification with respect to the control variables included in Xidt. In particular, on the

individual level we only include indicators of the respondent’s age, sex, relation to the

household head and date of interview. On the household level we include indicators

6In Mbinga, the first program was in 1995, thus no one in the relevant cohorts could have benefited
from the program in the first trimester. In Bukoba Rural, the first program was in 1994, thus only
a very small fraction of the respondents here is considered treated (1.5%) and those with a non-zero
probability are assigned a small probability (on average 11.2%). See Appendix A for further details.

7Some indication of this is given when comparing goiter rates: Bukoba Rural had a total goiter
rate, before the IOC programs began, of 28.0%, which is the lowest rate among the targeted districts.
Mbinga had a rate of 35.9%, which is the fourth lowest. The average rate among all districts with IOC
programs is 60.2%.

8One of the treated districts, Kasulu (Kigoma), was not included in the goiter surveys. We impute
the missing value with the average of the treated districts in the Kigoma region.
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of the educational levels of the household head and spouse, and whether the household

resides in an urban area.9 These controls are important predictors of educational attain-

ment and are included to increase precision. This is especially true for the age variable,

which in the current setting is not perfectly correlated with birth year due to the over-

lapping surveys. We can therefore, unlike previous studies, differentiate between age

and cohort effects. Although the surveys are reasonably similar, we interact the time

of interview indicators with survey indicators to capture eventual differences in survey

design.

Given the identification strategy, the control variables should not contribute to iden-

tification, although they might increase the precision of the estimates. Notably, their

inclusion comes at the cost of increasing the risk of biased estimates. Due to the na-

ture of the treatment, which occurred before birth, the majority of the potential control

variables run the risk of being themselves affected by treatment. Some of the control

variables used in previous studies are subject to this risk.10 For example, fertility deci-

sions could be endogenous if, in economic jargon, the quality of children increases the

shadow price of the quantity of children. This would suggest that an exogenous increase

in a child’s health could induce parents to revise their “stopping rule” of fertility (Becker

and Tomes 1976; Rosenzweig and Wolpin 1980) and would thereby imply that healthy

children, or children with higher cognitive ability, are more likely to have a high birth or-

der. In addition, as a response to a better-endowed child, parents may act to compensate

for household inequality by investing more in the endowed child’s siblings.11 Parents

of more healthy children might thus locate nearer to school centers and health clinics

to compensate the siblings. Notably, some of these potentially problematic variables,

particularly birth order, are correlated with treatment, consistent with the concerns that

these outcomes might reflect parental responses to child endowments at birth.

The specification we ultimately employ only includes variables that are likely to be

important determinants of schooling but deemed unlikely to be affected by treatment,

thus minimizing this problem. Using an even more parsimonious specification that, in

addition to the identifying variables, only includes controls more or less guaranteed to

be unaffected by treatment (namely indicators of age, sex and date of interview), as

presented in Table 14 in Appendix G, only slightly alter the results. Neither are the

overall conclusions sensitive to the inclusion of a set of controls similar to those used in

9The educational level of the household head and spouse are defined in six categories, corresponding
to no education, some primary, completed primary, some secondary, completed secondary, and higher
education. For households without a spouse (2,326 respondents or 23.3% of the sample), the educational
level of the spouse will naturally be unreported. In order not to exclude these observations from the
analysis, we form a separate category for them. Refer to Appendix B for a discussion of the importance
of the inclusion of these respondents. For an additional 81 respondents (0.8% of the sample), the
educational level is unreported for either the head or the spouse. Similarly, we include a separate
category for them. A third group are respondents who themselves are either a household head or spouse
(in total 374 respondents, or 3.8% of the sample, almost exclusively in the later surveys). Including the
educational level as a control variable would, for these respondents, be to include the outcome variable
as an independent variable. Thus we form a separate category for these respondents.

10In particular, compared to Field et al. (2009), we exclude controls for fertility decisions (birth order
and number of children), access to health and schooling facilities (distance to secondary education and
health clinic) and the different poverty measures (food security, home ownership, and house quality).

11See Almond and Currie (2011) for a review of behavioral responses to fetal exposure to shocks.
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previous studies, as presented in Table 15 in Appendix G.

In the presence of migration and endogenous family composition, this reasoning

could also apply to the fixed effects. This motivates the use of fixed effects at the

district level rather than the village or household level. Lower level fixed effects could,

however, increase precision by controlling for factors varying within the districts. To

investigate this aspect we, in Appendix H, also present the results when using ward fixed

effects (each district contains up to eight wards). With this specification, the estimated

effects generally increase (in a few instances double), but from a low initial level. The

qualitative results thus remain intact independent of the level of the fixed effects. In

light of the high risk of endogeneity, we conduct the remaining analysis with district

fixed effects.12

3.3 Treatment assignment

The available data do not allow us, or the previous studies, to assign treatment perfectly

and any assignment faces a number of uncertainties. These uncertainties are mainly:

(1) The precise details concerning the biological properties of iodine uptake, depletion

and need during pregnancy have not been settled in the medical literature. There is

uncertainty regarding the stage of pregnancy at which protection is most needed and

hence when iodine supplements are the most effective. There is also substantial individ-

ual heterogeneity, especially concerning the depletion rate. This problem is potentially

aggravated in districts with overlapping programs because, to our knowledge, that par-

ticular setting has not been studied previously. (2) No program achieved full coverage,

thus only a subset of the individuals in the targeted districts received IOCs. (3) The

precise dates when the IOC programs begun are not known; the available data only

provide starting years. (4) The length of each program is unknown. They generally ran

over a period of several months (according to some reports, up to two years), but the

details on each program is not available. Furthermore, the relative distribution intensity

during the program could vary but is not observed. (5) The data, depending on the

survey, only provide incomplete information of the respondents’ birth dates. In some

instances both birth year and month are reported, while in others only age in years is

provided. As treatment is assigned relative to when the respondent was in utero, this

could introduce substantial imprecision. (6) Whether the respondent’s mother received

the IOC supplement is governed by whether she resided in a targeted district at the

time of distribution. This information is not available in any data set. In general, the

data only provide the district in which the respondent currently resides. Inter-district

migration would therefore be problematic.

We begin by discussing the first point, namely the biological properties of the iodine

metabolism. An oft-used model for the depletion of micronutrients or the excretion of

12Notably, the results are not robust between the 1986-1994 and 1986-1990 samples discussed above,
with positive and slightly significant result in the former and negative and slightly significant results
in the later. The result is mainly driven by the NPS 2008 sample, which is a clear outlier (as will be
apparent). The pooled estimates that exclude that survey are approximately half the size.
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toxicants is the exponential function. However, several studies have found that iodine

supplements do not deplete exponentially. Instead the rate of depletion diminishes over

time after administration (see, e.g., Untoro et al. 2006). A common alternative is the

hyperbolic function, which allows for this type of diminishing depletion rate. The main

advantage of the hyperbolic function when studying depletion patterns, is that it, while

accounting for the depletion pattern fairly well, does not increase the number of free

parameters that must be estimated. However, the hyperbolic function should not be

regarded as a representation of the structural depletion process. As discussed in, for

example, Furne et al. (1995), the hyperbolic function is instead best understood as an

approximation of an underlying multi-compartment model, where iodine is stored in

several places in the body and each store depletes exponentially at a different rate.

Given its prevalence in the medical literature, the hyperbolic depletion function

would seem to be a natural choice to base the calculation of treatment assignment

on (as in the previous studies), but its use entails certain disadvantages. First, the

hyperbolic model has exclusively been used to study the depletion pattern of a single

supplementation invention. The extent to which the hyperbolic model is able to account

for overlapping interventions (as in the Tanzanian setting) is unclear. As the depletion

rate in the hyperbolic model is given as a function of the time elapsed since adminis-

tration, overlapping inventions would provide conflicting depletion rates (the depletion

rate will depend on which of the interventions we use as a basis for the calculations).

A possible solution would be to let the iodine from each intervention deplete separately

with the rate calculated from its respective administration date. This would, however,

result in unreasonably low depletion rates for certain levels of stored iodine (and thus

overstating the length of protection).13

Second, it is not obvious how to incorporate depletion heterogeneity in the hyper-

bolic model. While altering the depletion parameter is straightforward, it is unclear

how a particular setting would translate to a particular parameter value. An important

explanation for the observed diminishing depletion rate is that there is continuous di-

etary iodine intake after supplementation. As mentioned above, the natural availability

of iodine varies regionally, which affects dietary iodine intake. If the baseline iodine

intake level was high (relative to other districts with endemic goiter) we would expect

the supplement to offer protection for a longer period—thereby partly explaining the

heterogeneity. In the current setting, we have access to a proxy for baseline iodine intake

13The route taken by Field et al. (2009), who use the hyperbolic model, is to calculate the probability
of protection given by each intervention separately, as if there were no overlap, and then sum the
probabilities in a second step. This yields a probability of protection higher than 100% in some instances
(which is rounded down to 100%). We also note that Field et al. (2009) use the hyperbolic model for
the stocks of iodine in the body, although the hyperbolic model has been exclusively used to model
urine iodine concentration in the existing literature, which is a flow measure. As a possible consequence,
their model may overstate the length of protection. Notably, it assigns full protection of the fetus for 24
months and partial protection for an additional 16 months. Most studies have found that administering
400 mg of oral iodine, in the form of fortified poppyseed oil (e.g. Lipiodol, which was used in the
Tanzanian programs), offers protection from ID for at most 24 months (Wolff 2001), and some studies
have estimated the period to be less than a year (Ingenbleek et al. 1997). Considering the increased
requirements during pregnancy, this would indicate that the length, as anticipated, is overstated.
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in the form of pre-intervention goiter rates.14 However, the hyperbolic model does not

allow for the explicit inclusion of continuous iodine intake and must rely on parameter

adjustments. A model that directly accounts for intake would instead endogenously

assign higher depletion rates in districts where iodine intake are low.

The specifics of the Tanzanian setting thus warrant improvements. We will base our

depletion model on the discussion in Furne et al. (1995) and use a multi-compartment

specification. This specification adjusts for depletion heterogeneity by explicitly mod-

eling intake. Furthermore, with this model, there is no need to consider overlapping

programs separately, thereby directly accounting for interaction effects. In short, we

presume there to be two compartments where iodine can be stored in the body, one

with a low depletion rate (representing the thyroid gland) and the second with a high

rate (representing all other storage mechanisms). Given baseline iodine intake and even-

tual IOC supplementation, we can directly model the stores and flows of iodine (albeit

in an approximate sense) and thereby calculate the probability of in utero protection.

The precise details of this depletion model are explained in Appendix C.

While this model, like any depletion model, encompasses some strong assumptions

and while we cannot confirm that it characterizes the true depletion process, we ar-

gue that it should be preferred in light of its merits. Notably, the multi-compartment

model predicts urine iodine concentration levels that follow the characteristic hyperbolic

functional form when shocked with an intake higher than baseline. Further, the model

predicts goiter protection ranging from one to two years depending on baseline intake

when shocked with a 400 mg IOC supplement, in line with the existing studies. However,

to guard against the possibility of misspecification, we will also investigate the effects

using four alternative models of iodine depletion.

The first alternative specification is that used in Field et al. (2009), namely a hy-

perbolic depletion model with an initial half-life of three months.15 When using this

specification, we also include the “correction factor” used in the specification of Field

et al. (2009). This variable captures the portion of the assigned treatment probability

that relies on the assumptions of partial protection and is intended to counteract even-

tual misspecification in depletion. Additionally, we investigate three cruder models that

14In addition to dietary iodine intake, goiter rates would arguably capture other factors affecting
iodine availability that varies regionally, for example exposure to goitrogens. An analysis using this
proxy would therefore benefit from the possibility of accounting for a wide range of possible sources of
heterogeneity in depletion.

15There are some slight differences in the specifications. First, Field et al. (2009) assume that the
IOC dose was 380 mg, while the reports by Peterson et al. (1999) and others report that it was 400
mg. However, due to the very high initial depletion rate in this model this makes only a very slight
difference. Second, Field et al. (2009) implicitly assume that all respondents are born on the first day
of the month. We instead use the expected birth date, i.e. the middle of the month. This again has but
a slight impact on the calculated probability. Third, Field et al. (2009) assign the maximum monthly
protection probability in the first trimester, implicitly assuming that any month can fully compensate
for low protection in the others. We find no support for full compensation in the medical literature and
therefore average over the first trimester. Fourth, we assign treatment using the full set of birth date
information available, as documented below, which differs from the procedure in Field et al. (2009).
Fifth, the “correction factor” discussed below cannot be specified in the same way as in Field et al.
(2009), as their definition relies heavily on their assumptions regarding birth dates and the following
assignment procedure. In Appendix B, we investigate the effects using the exact specification used by
Field et al. (2009).
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do not make any explicit assumptions regarding the depletion rates. In these models we

will assume that the stores of iodine offer protection during pregnancy for 12, 18 and

24 months, respectively, after IOC administration.

The remaining calculations of the treatment probability are common across all five

models. For any of the specifications, let S(t∗,M1, · · · ,MK) denote the protection prob-

ability of a fetus in month t∗ when its mother was given IOC in months M1, · · · ,MK ,

where K denotes the number of relevant IOC programs. As there was incomplete cover-

age in all programs, the true K will generally be less than the total number of programs

in the district. However, we cannot observe which programs are relevant for a specific

respondent (corresponding to the second uncertainty listed above). We follow the past

studies and assign treatment as if there were full coverage—that is, we set K equal to

the total number of programs in the district.

Since we are interested in the probability of protection during the complete prena-

tal period, not a specific month, the measure above must be aggregated to an overall

probability of in utero protection of a child born on a certain date. Although clear

evidence exists that the development of the fetus is highly sensitive to deviations from

optimal iodine levels, as previously discussed, the relative importance during the preg-

nancy is not entirely settled. There are indications that the first trimester is especially

important. However, the late prenatal stage are not completely insensitive to deviations

(especially for the development of higher cognitive ability, see for example Zoeller and

Rovet (2004)). Nevertheless, we will follow the previous studies and assume that only

the first trimester is of importance. A child born in month t would, on average, been

conceived in the middle of month t−9. The probability of fetal protection for that child,

denoted P (t,M1, · · · ,MK), is thus derived by averaging over the first three months of

pregnancy:

P (t,M1, · · · ,MK) =
0.5S(t− 9, ·) + S(t− 8, ·) + S(t− 7, ·) + 0.5S(t− 6, ·)

3
.

This function requires that we know the exact month when the mothers were given

the IOC supplement. However, as listed in the third and fourth points above, we do

not know the exact starting date of the programs or their length. We assume that they

began uniformly during the specified year with a length of three months. This implies

that a resident in a targeted district could have received the IOC at any time between

January the program year and February the following year. As the interaction effect of

overlapping programs could be of importance, we will consider all possible combinations

of distribution dates. For a district with IOC programs in the years y1, · · · , yK , the

resulting probability of protection for an individual born in month t is given by:

T (t, y1, · · · , yK) =
1

36K

11∑
m1=0

2∑
m′1=0

· · ·
11∑

mK=0

2∑
m′K=0

P (t,M1, · · · ,MK),

where each Mn is given by (12yn +mn +m′n).

14



The calculated monthly probability resulting from each depletion model when there is

a single IOC program (K = 1) is presented in Figure 1. Notably, the multi-compartment

model varies with baseline iodine intake, while the hyperbolic model predicts protection

for considerably longer time than the other models. The inclusion of the “correction fac-

tor” (also presented in the figure) in the hyperbolic specification, however, mitigates this

problem, resulting in an assignment similar to the cruder model that assigns protection

for 24 months.

Figure 1: Treatment probability by birth month
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Notes: The two panels present the calculated probability of being protected from ID in utero by
birth month relative to January the year of the IOC program (labeled with 1). In the first panel the
two specifications that make explicit assumptions on the depletion pattern are presented. The multi-
compartment model is presented with three different baseline iodine intake levels, corresponding to the
district mean and with one standard deviation from the mean. For the hyperbolic model the base
probability is presented, as well as the “correction factor” discussed in the text. The second panel
presents the models that only implicitly make assumptions on the depletion pattern, representing 12,
18 and 24 months of protection.

The function T (t, y1, · · · , yK) assigns probability of protection based on the respon-

dent’s birth month. This information is only available for a fraction of the respondents,

leading to the fifth uncertainty. The data present three levels of birth date information.

At the most detailed level, both birth year and month are reported. At the next level,

birth year is known, while at the lowest level only the age of the respondent is reported

(which is also reported at the two higher levels). The year and month when surveyed

are available for all respondents. We will exploit this full set of information to assign

treatment as accurately as possible. Notice that when the birth month is reported, we
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can use T (t, y1, · · · , yK) directly, while in the other two cases we can only derive intervals

of possible birth months.

In the first case with limited information, where age and birth year are known,

we can calculate the “predicted” age based on the year of interview and birth year. A

respondent born in year B and interviewed in year Y and month M will have a predicted

age of Â = Y − B. If Â is one year greater than the reported age, A, we know that

the respondent has not yet had his or her birthday during the current year.16 This

implies, given the month of interview, that the respondent was born in month M or

later. Subsequently, if Â = A then the birthday must have been in M or earlier. We

assign the average probability of these possible birth months to the respondent (the

month of interview is always possible but less likely relative to the other months and is

thus included with a weight of one half).

In the second case, where we only know the age of the respondent, even the birth

year is uncertain. Depending on whether the respondent has had his or her birthday

in the months preceding the interview, which is unknown, the birth year will differ.

Assume that a respondent with an age of A was born at a date preceding the interview

date, then the birth year would be Y −A with a birth month less than or equal to M . If

the respondent was born at a later date, then the birth year is Y −A− 1 and the birth

month greater than or equal to M . For the respondents where the most detailed birth

information is age, we thus average over all 13 possible months (as above, month M in

Y −A and M in Y −A− 1 are less likely than the other months and are therefore each

included with a weight of one half).17 Whenever we average over several possible birth

months, we adjust for birth seasonality differences at the regional level.

This leaves the final uncertainty—where the mother resided during the IOC pro-

grams. In general, we cannot observe the migration history of the mother or the respon-

dent. We here follow the previous studies and assign treatment using the respondent’s

current place of residence. Inter-district migration could therefore pose a serious prob-

lem. A recent study of migration patterns in the Kagera region of Tanzania, however,

found that while inter-district migration exists, most migration occurs within the district

(Beegle et al. 2011). Although we cannot mitigate this problem, some of the data sources

provide information that allows for a more in-depth investigation of its consequences,

as presented in Section 5.

4 Results

The main results are presented in Tables 1, 2 and 3. All three tables follow the same

structure. Each cell represents a separate regression. The reported statistics are the

16In the few cases with impossible values, for example if the reported and predicted ages differ by
more than one year, we set the birth year as missing.

17This procedure differs from that in Field et al. (2009), in that they derive the birth year, for
the THBS 2000 survey, as 2000 minus the current age and then calculating treatment probability by
averaging over all months that year. Their procedure thereby neglects the information provided by the
interview date. Most notably, it ignores that 25.5% of the sample was interviewed in 2001.
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point estimates, clustered standard errors and the number of observations. Columns

indicate different subsamples (females, males and both), and rows indicate the separate

specifications. The estimated coefficients should be interpreted as the impact of ID

protection in utero on educational attainment.

Table 1: Educational attainment by treatment specification

All Females Males

Multi-Comp. 0.052 0.063 0.037
(0.062) (0.086) (0.083)

Hyperbolic 0.090 0.169* 0.003
(0.066) (0.090) (0.091)

Binary 12 -0.009 0.066 -0.088
(0.076) (0.106) (0.103)

Binary 18 0.016 0.037 -0.010
(0.064) (0.087) (0.084)

Binary 24 0.045 0.078 0.008
(0.060) (0.084) (0.079)

Observations 9972 5016 4956

Notes: Each cell presents the result from a separate regression where the columns indicate different
gender samples (female, male and both) and rows indicate different treatment specifications. The
specific details for each specification are outlined in Section 3.3. Besides the estimated coefficient
for the treatment variable, each cell reports the standard error clustered on the district-cohort level
within parenthesis. Asterisks indicate significant estimates at the 10% (*), 5% (**) or 1% (***) level.

Table 1 presents the effects of ID protection on educational attainment (grades com-

pleted) across different depletion models. Overall, the estimated effects are slightly

positive but close to zero. The preferred multi-compartment specification suggests that

in utero protection from ID leads to an increase in completed grades by 0.05 grades,

which is not statistically different from zero. The effects are slightly higher for females

than for males, but the difference is not statistically or economically significant. The bi-

nary specifications differ somewhat from the multi-compartment specification but yield

qualitatively similar estimates. By contrast, the hyperbolic specification produces large

differences between males and females. The effect for males is almost exactly zero, while

the effect for females is approximately three times larger than in the multi-compartment

specification. Under the hyperbolic depletion model, the effect for females is also sig-

nificant at the 10% level. Notably, the hyperbolic specification from Field et al. (2009)

stands out as the only specification that produces any economically significant treatment

effect, albeit still statistically insignificant at conventional levels.

Table 2 separates the estimation by data source. For these estimates, we use the

multi-compartment depletion model. Positive effects are found using the samples from

the THBS 2000 and NPS 2008 surveys, where they seem to be stronger for females.

However, for the other three surveys, the effects tend to be negative but never signif-

icantly different from zero at conventional levels. Noteworthy is the NPS 2008 survey

that, in light of the other surveys, stands out with considerably higher estimated effects,

especially for females. The slight positive effect observed in the pooled sample with all
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Table 2: Educational attainment by data source

All Females Males

Pooled
Full 0.052 0.063 0.037

(0.062) [9972] (0.086) [5016] (0.083) [4956]
Excl. NPS 2008 0.023 -0.006 0.032

(0.060) [9468] (0.085) [4768] (0.078) [4700]
By Survey
DHS 1999 -0.055 -0.008 -0.084

(0.092) [871] (0.114) [452] (0.131) [419]
THBS 2000 0.141** 0.162* 0.121

(0.064) [5490] (0.085) [2751] (0.082) [2739]
DHS 2004 -0.133 -0.366* 0.124

(0.125) [1895] (0.201) [951] (0.151) [944]
NPS 2008 0.685 1.583** 0.216

(0.470) [504] (0.620) [248] (0.691) [256]
DHS 2010 -0.075 0.253 -0.357

(0.207) [1212] (0.334) [614] (0.280) [598]

Notes: Each cell presents the result from a separate regression where the columns indicate different
gender samples (female, male and both) and rows indicate different surveys. The two first rows
present the results from a pooled analysis, either including or excluding the NPS 2008 survey. Each
subsequent row is a separate survey. Besides the estimated coefficient for the treatment variable,
each cell reports the standard error clustered on district-cohort level within parenthesis and number
of observation in the particular regression in square brackets. Asterisks indicate significant estimates
at the 10% (*), 5% (**) or 1% (***) level.

surveys is, in fact, to a large part driven by NPS 2008—particularly for females. While

this survey only amounts to 5% of the total sample size, its exclusion, as presented in

the second row of Table 2, changes the effect for females to almost exactly zero.

The lack of robustness between the different surveys is troubling. While this could

be interpreted as an indication that the identification strategy is not completely sound,

there are other possible explanations. As the surveys were conducted in different years,

the estimates could in principle capture some true underlying heterogeneity in the treat-

ment effect over time. This seems however highly unlikely in the current context. If

ID protection increased cognitive ability we would not expect the sign of the effects to

alternate between years in the way displayed, but instead change monotonically as the

cohorts became older. Another possible explanation is potential differences in sampling

methods across surveys, which would results in that the samples were drawn from dif-

ferent (but partially overlapping) populations. However, since all surveys were intended

to be representative of the Tanzanian population at large and were conducted by the

same agency, this would also seem unlikely to account for the observed pattern.

A third, and more likely, explanation is that the reduction in sample size that follows

when estimating the effect for each survey separately is expected to decrease precision.18

18There are three reasons why precision declines with fewer individual observations, even when the
standard errors are cluster-adjusted. The first is that the number of observations in some district-cohort
cells is sometimes reduced to zero. The second is that treatment is assigned as a function of both birth
information and interview date, which varies within cluster cells. The third is that the precision of the
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We can therefore not disregard the possibility that the large variation, and particularly

the surprisingly large effect in the NPS 2008 sample, is due to random sampling error.

This would, however, not explain the significance levels observed in some of the disaggre-

gated samples. While not at a remarkable level, they are slightly higher than expected

by chance. This would indicate that we have underestimated the standard errors.19

In any case, considering the large number of estimates, and the multiple comparison

problem that follows, we are reluctant to read too much into the estimates for single

surveys.

The variability between surveys, independent of reason, motivates us to focus on an

aggregate sample as the interpretation as the average treatment effect over the included

years is maintained. Although the NPS 2008 is an outlier, there are no a priori reasons

for its exclusion. All surveys reported in Table 2 meet existing international reliability

standards and have been widely used by scholars. Our preferred estimate is therefore

based on the pooled sample using all surveys, which suggests that the overall the effect

appears to be slightly positive but close to zero and statistically insignificant.

The final component of the main analysis concerns multiple outcomes. The data

offer several variables that are closely related to educational attainment and, more gen-

erally, cognitive ability. The statistical advantage of educational attainment, relative to

other proxies for cognitive skill, is that it varies at all age categories. However, equating

an additional grade linearly makes interpretation somewhat delicate. Starting school

or graduating from primary school are arguably more important educational advances

than, for example, the transition from second to third grade—the current measure would

equate them all. Furthermore, important educational milestones are arguably less af-

fected by measurement error than educational attainment. Specifically, we analyze (1)

whether the respondent ever attended primary school, (2) whether the respondent has

completed primary school, and (3) whether the respondent ever attended secondary

school. In addition, literacy is reported in a few surveys and is analyzed when avail-

able.20 Since the hypothesized mechanism, by which educational attainment is affected,

is that protection from ID increases cognitive ability (and not by an indirect effect

through, e.g., improved health and attendance), the ability to read appears to be a

more direct measure of that mechanism.

When using these alternative outcomes, the effects are again close to zero and in-

significant, except for the effect on having some primary education, which is positive for

females. The effect on completed primary school is negative for both females and males,

albeit close to zero and statistically insignificant.

While it is occasionally customary to interpret significant effects on some outcomes

individual controls increases with the pooled sample, thus reducing within-cluster variation.
19We have, for example, not adjusted the standard errors for serial correlation (as discussed by

Bertrand et al. (2004)), which to some degree would be relevant in the current setting.
20Approximately one third of the respondents in the DHS surveys were asked to read a short text

out loud. The interviewers then judged the respondents’ reading proficiency. In the THBS 2000 survey,
revealed literacy was not measured; however, the respondents were asked whether they are able to read
and write. The constructed literacy indicator takes the value one if the respondent can read in at least
one language.
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Table 3: The effect on additional outcomes

All Females Males

Individual
Highest Grade 0.052 0.063 0.037

(0.062) [9972] (0.086) [5016] (0.083) [4956]
Some Primary 0.021* 0.037** 0.007

(0.012) [10031] (0.018) [5046] (0.016) [4985]
Comp. Primary -0.011 -0.010 -0.014

(0.009) [9963] (0.012) [5013] (0.012) [4950]
Some Secondary -0.001 0.002 -0.002

(0.007) [9963] (0.008) [5013] (0.010) [4950]
Literacy 0.015 0.008 0.024

(0.019) [6659] (0.026) [3654] (0.028) [3005]
Average effects
AES, excl. lit. 0.011 0.024 -0.001

(0.019) [9963] (0.024) [5013] (0.026) [4950]
AES, incl. lit. 0.018 0.018 0.025

(0.022) [6575] (0.030) [3609] (0.033) [2966]

Notes: Each cell presents the result from a separate regression where the columns indicate different
gender samples (female, male and both) and rows indicate different outcome variables. The first
five rows present the result for each outcome separately while the two last rows present the average
effect size (as described in detail in this section) when either including or excluding literacy. Besides
the estimated coefficient for the treatment variable, each cell reports the standard error clustered
on district-cohort level within parenthesis and number of observation in the particular regression in
square brackets. Asterisks indicate significant estimates at the 10% (*), 5% (**) or 1% (***) level.

as evidence of a partial treatment effect on some margins, this practice is not always

desirable. On the one hand, such interpretations suffer from multiple hypothesis bias

which tend to overstate significance levels.21 On the other hand, if the outcomes are

not perfectly correlated, many insignificant results pointing in the same direction could

be indicative of an underlying overall non-zero effect (in this case a possible underlying

variable would be cognitive ability). Investigating each outcome separately would thus

fail to detect the overall effect. Following the procedure proposed by Kling et al. (2007),

we will estimate the average effect size (AES) and can thereby test for the joint effect

of a family of outcomes.22 This procedure has predominantly been used in designed

randomized experiments (see, e.g., Duflo et al. 2007 and Clingingsmith et al. 2009).

However, the procedure has recently spread to purely observational studies with several

related outcomes present (see, e.g., Alesina et al. 2013). Its main advantage is a stronger

power than the conventional joint significance test because it assumes that treatment

affects the outcomes unidirectionally, which is reasonable in the current setting (i.e.,

21For instance, the probability that we observe at least one estimate significant at the 5% level among
10 (uncorrelated) estimates, corresponding to the five outcomes for female and males, when the null of
no treatment effect is true is approximately 40%.

22In particular, the procedure estimates the average standardized effect, βAES = 1
N

∑
(βn/σn), where

βn is the estimated effect of ID protection on outcome n, σn is the standard deviation of that outcome
in the untreated population (here defined as having a treatment probability of less than 10%) and N
is the total number of outcomes. In practice, the sample standard deviation of the outcomes are used
and βn is estimated using seemingly unrelated regression to account for possible error correlation across
estimations. Refer to Kling and Liebman (2004) for a more detailed discussion.
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that protection from ID in utero affects the outcomes in the same direction).

We construct two different families of outcomes, with and without literacy. The

results are also presented in Table 3. The average effect size is close to zero. The effect

of ID protection on the averaged educational outcome is between 0.01 and 0.02 standard

deviations. The effect tends to be higher for females than males, but the difference is not

statistically significant. Including literacy, and thereby reducing the sample, the average

effect size estimate increases slightly, which is driven by an increase in the estimate for

males. We conclude that the average educational effects are small and statistically

insignificant. Furthermore, the precision of the estimated average effects is sufficiently

large to exclude the possibility of economically significant effects (disregarding potential

attenuation bias).

5 Investigating attenuation bias

5.1 Birth month

A potential issue with the current analysis, inherent to the available data, is that we

do not observe exactly when the respondents are born. For the majority of the sample

(69.4%), we only know the birth year or the respondent’s age. This poses two problems.

First, treatment must be assigned by averaging over several months, thus decreasing as-

signment precision. This is especially problematic because the probability of protection

in certain years varies considerably (as seen in Figure 1). Second, the censoring prohibits

us from using time fixed effects at a monthly level, which may be desirable from the

perspective of both identification and precision. With the exception of the THBS 2000

survey (in which the most detailed level of birth information is age), a subset of the

respondents has their birth month reported. This subsample is therefore not affected by

lack of birth date precision and could be informative of the magnitude of these issues in

the full sample.

Table 4: Investigating bias due to imprecise birth information

All Females Males

Age only -0.042 0.098 -0.114
(0.135) [3050] (0.169) [1661] (0.209) [1389]

Birth month -0.028 0.039 -0.064
(0.118) [3050] (0.153) [1661] (0.193) [1389]

Notes: Each cell presents the result from a separate regression on the subsample of respondents
that have reported birth month and year information, where the columns indicate different gender
samples (female, male and both) and rows indicate different levels of used birth date information.
The first row only utilizes the reported age when assigning treatment, and thereby disregards more
detailed level of birth date information. The second row instead utilizes this information and assigns
treatment by birth month. Birth month-year fixed effects are also included. Besides the estimated
coefficient for the treatment variable, each cell reports the standard error clustered on district-cohort
level within parenthesis and number of observation in the particular regression in square brackets.
Asterisks indicate significant estimates at the 10% (*), 5% (**) or 1% (***) level.
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Table 4 presents the results when we exclude all respondents with missing birth

month information. In a first analysis, we assign treatment as if birth year and month

were unknown, thus we only consider the reported age in years. This therefore imitates

the procedure used for the majority of the respondents in the excluded sample and is

affected by both issues discussed above. The results from this specification are presented

in the first row. In the next analysis, as presented in the second row, we instead utilize

the full set of birth date information but keep the exact set of observations as in the first

analysis. Treatment is now assigned by birth month and we include birth year-month

fixed effects in the regressions. This specification is thereby rendered unaffected by the

two problems arising from the cruder birth measures. Comparing the two specifications,

we see that the one with more accurate birth information drives the estimates towards

zero. If there is a non-zero true effect, this is unexpected as we would anticipate the

effects to increase in absolute terms with higher treatment precision. While the results

are consistent with a true effect of zero and improved identification provided by the

monthly fixed effects, the remaining imprecision do not allow that conclusion.

Even if the evidence is only indicative, this analysis provides us with reason to believe

that the absence of an estimated significant effect in the full sample is not driven by the

incomplete birth information.

5.2 Migration

Another major issue is migration. The relevant information for treatment assignment is

where the mother of the respondent lived during the IOC programs. This information is

not available; instead, we assign treatment based on where the respondent currently re-

sides. If the respondent migrated out of his or her district of birth, or if the respondent’s

mother migrated between IOC distribution and birth, then the treatment assignment

would be incorrect and attenuate the estimated effect. While we expect imprecise treat-

ment assignment to be the most important consequence of migration, treatment in itself

could affect the propensity to migrate. For example, if, in a given district-cohort, the

treated individuals are more likely to migrate then we would have a higher tendency to

sample untreated respondents (both exist due to incomplete coverage). This would bias

the estimates towards zero to an even greater extent than for the same level of “random”

migration.

Furthermore, when considering the sampling design of the surveys, where established

and stable households tend to be included, selective migration would be even more prob-

lematic, as movement within the district could also introduce bias. As an illustration, if

treated individuals (or individuals who respond particularly well to treatment) enroll in

boarding school to a higher degree, then they would be excluded from the surveys and

bias the estimates downwards even without inter-district migration. In fact, without

any assumptions on migration patterns, not even the direction of the bias is known. If

treated individuals who do not respond well to treatment have a lower tendency to be

sampled (for whatever reason), we would overstate the true effect. While this would
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necessitate the existence of a non-zero treatment effect for some individuals, the true

average effect could nonetheless be zero. In this section, we exploit more detailed infor-

mation reported in some of the surveys to investigate how migration affects the results.

First, the DHS 1999, DHS 2004 and NPS 2008 surveys report the number of years the

respondent has lived in the current place of residence.23 For the respondents that never

moved, we know that treatment assignment is unaffected by attenuation due to inter-

district migration. However, selective migration remains unresolved (and is potentially

exacerbated, as we now also exclude all intra-district migration).

Table 5: Investigating migration, excluding movers

All Females Males

All 0.006 -0.032 0.066
(0.103) [3270] (0.142) [1651] (0.151) [1619]

Excl. Movers 0.066 0.088 0.110
(0.116) [2490] (0.151) [1269] (0.169) [1221]

Notes: Each cell presents the result from a separate regression on the full sample from the DHS
1999, DHS 2004 and NPS 2008 surveys and from the restricted sample of never-movers. The columns
indicate different gender samples (female, male and both) and rows indicate the different samples
based on migration history. The first row includes all respondent while the second row restricts the
sample to non-movers. Besides the estimated coefficient for the treatment variable, each cell reports
standard errors clustered on district-cohort level within parenthesis and number of observation in the
particular regression in square brackets. Asterisks indicate significant estimates at the 10% (*), 5%
(**) or 1% (***) level.

As shown in Table 5, restricting the sample to non-movers increases the point es-

timates somewhat. While this indicates that attenuation due to imprecise treatment

assignment could provide a partial explanation for the lack of evidence of an positive

effect, it cannot explain it alone—the effects are only slightly greater than in the full

sample and still insignificant. As noted, this analysis cannot account for selective migra-

tion. To investigate this issue, we must restrict our attention to the NPS 2008 survey,

which contains additional information that can be used to characterize the nature and

impact of migration in greater detail.

In the NPS 2008 survey, respondents that reported having moved since birth were

asked in which district they were born. Disregarding recall bias, this survey provides

nearly prefect district information for treatment assignment (the only remaining source

of dilution is mothers migrating before birth). Unlike the previous analysis, where we

restrict the sample to respondents that never moved, in this subsample we can assess

the consequences of migration without imposing any further sample restrictions. While

this may not entirely resolve the issue of selective migration, it would at least not be

exacerbated. The first row in Table 6 presents the estimates when treatment is assigned

using the current district of residence, as in the main analysis. The next row utilizes

the provided birth district information. We see that the estimates increase, in line with

a true positive effect, but only for males. This would lead us to believe that increase

23This is unreported for children younger than 12 years (NPS) or 15 years (DHS). In these cases we
use the time the mother has lived in the current place of residence. If the information still is missing,
we use the time the household has existed at the current place of residence.
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for females found in Table 5, at least to some extent, could be explained by the added

sample restrictions rather than increased precision. While the estimated effect is large

and significant, the NPS 2008 survey is an outlier, as is apparent from Table 2, and

we would hesitate to draw any definite conclusion based on it alone. Nevertheless, this

analysis still indicates that attenuation bias caused by migration may exist, at least for

males.

Table 6: Investigating migration, using reported birth district

All Females Males

Curr. District 0.685 1.583** 0.216
(0.470) [504] (0.620) [248] (0.691) [256]

True District 0.938** 1.529*** 0.527
(0.425) [527] (0.553) [264] (0.726) [263]

Notes: Each cell presents the result from a separate regression on the sample from the NPS 2008
survey. The columns indicate different gender samples (female, male and both) and rows indicate the
different method of assigning treatment. In the first row treatment is assigned by where respondents
currently resides, while in the second row by their reported birth district. Besides the estimated
coefficient for the treatment variable, each cell reports standard errors clustered on district-cohort
level within parenthesis and number of observation in the particular regression in square brackets.
Asterisks indicate significant estimates at the 10% (*), 5% (**) or 1% (***) level.

In a final analysis, we attempt to investigate how selective migration affects the

estimates. In the NPS 2008 survey, women were asked to report any children of hers

living outside the household, including their educational attainment. If some types of

individuals are less likely to be included in the surveys, adding children outside the

household to the analysis would mitigate the selective migration issue. However, it

would not be a complete solution, as there could still be selectivity at the household

level or in the women’s reports.

Table 7: Investigating migration, including movers

All Females Males

Residents Only 0.685 1.583** 0.216
(0.470) [504] (0.620) [248] (0.691) [256]

Incl. Movers 0.579 0.964** 0.238
(0.370) [679] (0.462) [347] (0.591) [332]

Notes: Each cell presents the result from a separate regression on the sample from the NPS 2008
survey. The columns indicate different gender samples (female, male and both) and rows indicate
specification changes. In the first row we use the sample as in the main analysis, while in the second
row we include children living outside the household (as reported by mothers). Besides the estimated
coefficient for the treatment variable, each cell reports standard errors clustered on district-cohort
level within parenthesis and number of observation in the particular regression in square brackets.
Asterisks indicate significant estimates at the 10% (*), 5% (**) or 1% (***) level.

The first row in Table 7 focuses on those currently residing in the household (these

are the same estimates reported in the baseline results). The second row also includes

reported children residing elsewhere. The estimates for males increase only slightly,

indicating that selective migration does not pose a large problem for this group. For
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females, however, the estimate decreases substantially, to nearly 60% of the estimate in

the first row. Thus, selective migration seems to overestimate the IOC protection effect

for females. A speculative interpretation consistent with these results is that women who

respond well to treatment leave the household later than otherwise (e.g., postponing

marriage due to studies), resulting in that this type of women are oversampled, while

this effect is not present for men. It is, however, important to note that the NPS 2008 is

one of the later surveys in which mobility is highest. Thus it is unclear how large these

problems are in earlier surveys.

In summary, we find some indications that are consistent with the existence of a

positive treatment effect and attenuation bias. However, any eventual bias does not

seem sufficiently large to alone explain the lack of significant effects in the main analysis.

While the remaining uncertainties could nonetheless be influential (which ultimately is

unknown given the current data), the factors analyzed in this section do not change the

overall picture painted by the main analysis.

6 Concluding remarks

In this paper, we revisit the Tanzanian experience with iodized oil capsule distribution

and ask whether increased protection from iodine deficiency in utero in goiter-prevalent

districts increases educational attainment and literacy in the long-run. We find no

evidence of increased educational attainment among these cohorts.

Numerous medical studies have established the existence of a causal effect of prenatal

iodine deficiency on cognitive ability among children. The unresolved questions are to

what extent the natural shortage of iodine in the soil in Africa has severely impeded

educational attainment at the national level and to what extent the policy instruments

undertaken to address this shortage contributed to the subsequent gains in educational

attainment. If such a link exists, we would be able to cite evidence of how the natural

health environment affects human development in general (consistent with, e.g., Sachs

2001 and Diamond 1997). It is thus the “field relevance” of iodine deficiency that we

consider is the open question, not whether the marginal overall benefit of protection

against iodine deficiency is strictly positive, all else being equal.

There are at least three explanations for why an effect might not exist for longer-run

outcomes, while maintaining the existence of a short-run effect as established in the

medical literature. The first is that the documented effects of iodine supplements on

cognitive ability do not persist until the school-going age. The second explanation is that

for the specific outcomes examined here, and at the margins of possible improvement,

sufficient iodine after pregnancy has a compensatory effect. ID was nearly eradicated in

Tanzania during the period of early childhood of these cohorts, due to the salt iodization

programs (Assey et al. 2009). As this is a potential compensating factor for ID during

pregnancy, it could overshadow the potential effect that would have been observed if ID

had remained endemic. The last explanation is that the educational system in Tanzania

does not capture cognitive ability; grades may reflect other fundamentals. However, the
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lack of an observed effect using literacy and other proxies for schooling indicate that the

last explanation is unlikely.

In addition, we highlight numerous elements of uncertainty concerning treatment

assignment in existing work, which could potentially mask a true positive effect of the

programs. We attempt to address these uncertainties by using additional data, bet-

ter information on the timing and place of birth, alternative outcomes, and a more

context-specific iodine depletion function. When combining these measures to maxi-

mize precision, we still do not find support for an effect of ID protection on cognitive

ability among the samples exposed to treatment. In particular, the differential impact

across males and females, advanced in the past literature, arises in but a limited number

of specifications, which is difficult to rationalize ex ante. While a possible explanation

for the lack of significant treatment effects is the imprecision in the treatment assign-

ment variable, it is, however, unlikely to be entirely explained by imprecision due to

post-treatment migration or imprecise birth information.

We conclude that the available data together with the identification strategy em-

ployed in this study, and the previously studies, are unable to establish the effect of the

IOC programs. While there are indicative evidence pointing towards positive effects, the

lack of significance and robustness does not motivate any such conclusions. However, the

epigram “the absence of evidence is not the evidence of absence” should in this context

be remembered. Studies from the medical literature would make us suspect potentially

large effects, which might very-well have been the case. The analyses using the timing

of the IOC programs as identification do, however, not provide additional support for

that proposition—and we must conclude that we ultimately do not know.
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A Treatment assignment by year and district
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B Comparison with previous studies

Where Field et al. (2009) estimate large and highly significant effects, we observe effects

that tend to be low and insignificant. For the regressions run using the same data source

(THBS 2000), we find marginally statistically significant effects but they are generally

much lower (particularly for females). Our identification and data sampling strategy

follows theirs closely, but there are some notable differences. In this section, we detail

exactly what data and model decisions explain these differences.

In sum, the diverging results are primarily explained by Field et al.’s (2009, hereafter

FRT) decision to exclude the 1986 cohort and a non-negligible number of observations

due to missing values in background controls. Most notable of these variables is the

exclusion of households without a spouse present. If we rerun the analysis with the

exact specification used by FRT but include the cohort born in 1986 and households

without a spouse, as presented in Column 8 in Table 8, the effects are more than halved

and not significant at conventional levels.

In greater detail, Table 8 presents the estimated effects from ten specifications. Be-

ginning with our preferred specification, we move, step-by-step, towards the specification

used by FRT. We restrict our attention to the cohorts born from 1986 to 1990 from the

THBS 2000 survey, which roughly correspond to the sample used by FRT (net of the

additional sample restrictions discussed below). In the first specification, in the first

column, we use the same specification as in the main analysis—the only difference is

the added cohort restriction (refer to Appendix E for a discussion of this restriction).

The last column corresponds exactly to the specification used by FRT and thus exactly

replicates their results. All columns in-between gradually introduce changes in the spec-

ifications to highlight the important differences. All regressions, including those in the

tenth column, are run on data sets we constructed using the original data files to the

greatest extent possible. We also reconstructed the exact treatment specification used

in FRT. This procedure ensures that we do not make any unintended changes when

changing specifications. Our reconstructed data set has been compared, observation by

observation, to the data set constructed by FRT. All variables are equal between the

sets, except for the treatment variable. The difference is, however, extremely small (on

average a difference of less than 2 × 10−8, and the maximum difference is 1.2 × 10−7)

and is most likely due to differences in the floating point data structure in the softwares

used for the analyses.

The first specification change, presented in column two in Table 8, addresses some

minor differences between our data strategy and that of FRT. First, the specification

only considers reported age, thus sets the birth year at 2000 minus the current age, as

in FRT. The information provided by the date of the interview is thus disregarded, and

treatment is not assigned as precisely. Second, the definition of the education variables

is changed using the THBS 2000 definition of attainment (where non-standard grades

are coded as full grades). Additionally, where in the main analysis we use indicators

for different levels of the education level of the household head and spouse, in this
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specification we use the number of completed grades linearly, as in FRT. Finally, we add

family controls—birth order and number of children—which (as discussed in Section

3.2) might be endogenous. As indicated in the second column, the estimated effects are

reduced due to these changes, suggesting that they are not important in explaining the

observed difference.

The next change (column three) changes the treatment specification to the exact

specification used in FRT. An increase in the estimates is observed, which is expected

since their treatment specification very closely resembles the hyperbolic depletion model,

as presented in Table 1. However, the results do not differ substantially from the es-

timates obtained with the multi-compartment model, leading us to conclude that the

treatment specification alone cannot explain the differences.

In column four, we restrict the sample to children of the household head and spouse.

FRT argue that matching children to their mothers is essential, motivated by mitigating

problems with migration and the possibility that young mothers received a lower IOC

dose. We are, however, not aware of a procedure stipulating that young mothers were

to receive a lower dose and, as discussed by FRT, that part of the protocol was likely

abandoned before any program commenced. Although the sample resulting from this

restriction arguably is less mobile than other children in the household, it implies that

the analysis is restricted to a particular subset of individuals. The manipulation creates a

notable difference between boys and girls, which is difficult to rationalize. The resulting

estimates almost double for females and shrinks to less than a third for males, although

the estimates are not statically different from zero. This change in the estimated effect

seems however to be confined to the THBS 2000 survey, as it is not present when the

same sample restriction is imposed on the pooled sample (as presented in Appendix D).

The next step—column five—further reduces the sample by dropping all children

that cannot be directly matched to a unique mother. As the previous step restricted

the sample to children of the household head or spouse, this restriction would only be

motivated if we would deem the characteristics of the mothers to be important (e.g.,

their age). Children are matched to a woman in the household if she is the only woman

within a reasonable age span among the household head and spouses. Implicitly, this

restriction produces a rather particular subsample, in that all households with a single

father and nearly all polygamous households are dropped. Continuing to column six,

we also add the controls that are made possible due to matching to mothers, namely

an indicator of whether the mother was younger than 23 at birth and that indicator

interacted with the treatment “correction factor” (as detailed in FRT). By dividing this

specification change into two steps, we can investigate the importance of the implied

sample restriction and the included controls separately. We see that, while both changes

increase the estimates slightly, they do not differ qualitatively from the main analysis.

Columns seven and eight investigate the influence of the five household level control

variables used by FRT that, for some respondents, have unreported values and are

possibly endogenous.24 They are included in two steps. First (column seven), we impose

24The variables are indicators of food security, home ownership and house quality, and distance to
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the sample restriction implied by their inclusion, but without actually adding them to

the regression. Then, in a second step, we include them in the analysis, as presented

in column eight. This, again, enables us to separate the changes due to the implicit

sample restriction from the changes due to the inclusion of the controls. As seen, the

sample restriction tends to increase the estimates while the controls themselves tend to

lower the estimated effects slightly. While these estimates are slightly higher than those

in the main analysis for the relevant cohorts, they would still not support the rejection

of no effect. Notably, the precision of the estimates changes only very slightly with the

inclusion of the additional controls.

The current specification is very close to that of FRT; the last two columns of Table 8

investigate the remaining differences. In all analyses, controls of the educational level of

the household head and spouse are included, as these are strong predictors of the child’s

educational attainment. When there is no spouse in the household, the educational level

of the spouse is unreported. If not properly attended to, including this control variable

would, implicitly, restrict the sample in a rather non-obvious way. In effect, this would

exclude all households with a single mother (all single-father households are already

dropped due to the matching to mothers). In column nine, we drop all respondents

residing in a household without a spouse. Observe that the control variable of the

educational level of the spouse is included in both specifications (but with an indicator

for missing values in column eight), the only difference is thus the sample restriction.

This turns out to have a large effect on the estimates, leading to an increase of more

than 50%.

In the last column, we exclude those born 1986 (i.e., those assigned an age of 14) from

the analysis and thereby arrive at the exact specification used by FRT. This restriction

nearly doubles the estimates for girls, from an already high level, while the estimates

for boys only increase slightly. FRT explain the focus on those born between 1987

and 1990 by observing that ages 10-13 are “the modal age of enrollment.”25 While

this motivation appears reasonable, the lack of robustness is troubling. If a lack of

variation in the dependent variable were the main concern, this manipulation would

primarily affect precision, not the point estimates. Moreover, on closer examination,

the variation in educational attainment for the cohort born 1986 is sufficiently large to

warrant inclusion. The 1986 cohort average is 4.1 grades with a standard deviation of

2.6, compared to an average of 3.2 grades with a standard deviation of 1.8 for the 1987

cohort.

While each of the discussed steps appear to have sound motivations, many have

unexpected implications that restrict the analysis to a particular subsample of children.

In the end, the analysis in FRT effectively draws inference to a population consisting

of only sons and daughters of household heads in non-polygamous households where

both the mother and father are alive and present. While one could argue that this is an

nearest secondary education and health clinic.
25In Appendix I, we estimate the effect for different age groups, including those aged 10-13, using our

preferred specification. The overall conclusion remains unchanged also in light of this analysis.
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interesting subpopulation, we still face with issue of the 1986 cohort. With a specification

that only differs from FRT in the, arguably, two least controversial aspects—the inclusion

of the 1986 cohort and households without a spouse—the estimates do not allow for the

rejection of zero effects. In particular, the differential impact across genders appears

highly non-robust and seems to be driven to a large extent by the exclusion of the 1986

cohort.
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C The multi-compartment depletion model

We here detail the multi-compartment depletion model used in our preferred specifica-

tion. Let It denote the total amount of stored iodine in the body in month t. This

amount can be stored in either of two compartments (or types of compartments).26 The

first compartment represents the pool of stored iodine in follicular cells in the thyroid.

This compartment has a good ability to retain iodine over a long period of time, which is

modeled with a low depletion rate. However, the thyroid can only store a limited amount

of iodine, which we set to 15 mg based on its estimated maximum storage capacity (Has-

sanien et al. 2003). The second compartment represents all other storage mechanisms in

the body, which are less suited to the purpose and thus modeled with a higher depletion

rate. We assume that iodine can be transported between the compartments freely and

without cost,27 but because the thyroid is the preferred location of storage, it will be

filled first. The second compartment is assumed to have unlimited capacity (which is

reasonable in the relevant interval considering the high depletion rate).

In addition to depletion, iodine stores are affected by consumption and intake. The

thyroid can maintain a euthyroid state when at least 50 µg of iodine can be utilized

daily to synthesize thyroid hormones (Zimmermann 2009a). In the current context, a

reasonable approximation is that at most 50 µg per day (or 1.5 mg per month) will

be used if the stores last. This implies that monthly consumption is given by Ct =

min(It, 1.5). Intake is dietary iodine from food consumption and any eventual IOC

supplements. Their sum in mg on a monthly basis is denoted Nt. Approximately 30%

of orally administered iodine is subject to instantaneous fecal excretion (Hassanien et al.

2003), and thus never enters the blood stream, implying that 0.7Nt mg are added to the

current stores in t.

We set the first compartment to deplete exponentially with a half-life of 12 months,

corresponding to a monthly depletion factor of 0.056.28 The second compartment de-

pletes at a very high rate, some studies indicate a half-life of less than one month (Wolff

2001). We will set the depletion rate to exactly one month, or a monthly depletion

factor of 0.5. Thus the iodine retained in the first compartment from t to the following

month is 0.944 min(It −Ct, 15), while 0.5 max(It −Ct − 15, 0) is retained in the second.

This yields the following process of the iodine storage and consumption:

It = 0.944 min(It−1 − Ct−1, 15) + 0.5 max(It−1 − Ct−1 − 15, 0) + 0.7Nt

Ct = min(It, 1.5)

26While we model the stored iodine with two compartments, the flows would be described by a
semi-exponential, three-compartment model due to how we model consumption.

27Under normal circumstances, the thyroid is limited in how much iodine it can trap per day, which
would motivate us to also limit monthly transport ability. However, iodine deficiency induces the
pituitary gland to produce thyroid stimulating hormones that increases uptake. Thus given the upper
limit of 15 mg and the availability in the second compartment, modeling the transport, on a monthly
basis, as unlimited is reasonable.

28A higher depletion rate is often discussed for this compartment (see, e.g., Wolff 2001). However,
this includes consumption, which we model separately.
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Notice that if uptake is less than the required 1.5 mg, the stored iodine will diminish

over time until the stores are completely depleted, in which case consumption will only

consist of the current uptake. Thus in steady state (where It = It−1), consumption and

uptake must be equal if consumption is less than 1.5 mg. We will use this fact to derive

the baseline iodine intake level through the goiter surveys. In addition to assuming

that the population is in steady state at the time of observation, we will assume that

the goiter rate is proportional to the average iodine uptake. Thus if there is virtually

no goiter (induced by iodine deficiency) in a given population, uptake must be at least

1.5 mg per month (i.e., an intake of at least 2.14 mg); if the entire population suffers

from goiter, we assume average uptake is so low that it can be approximated by zero.

Consequently, average monthly intake in district d would be 2.14(1 − gd), where gd is

the goiter rate in the district.29

During pregnancy, iodine consumption is increased. One could therefore argue that

the limit of 1.5 mg is not an adequate level in order to offer complete protection for

the fetus. The necessary level of stored iodine has, to our knowledge, not been studied.

Required intake, however, has been studied extensively. Based on the ratio between the

recommended intake for pregnant women and the recommend intake levels for adults of

4/3 (World Health Organization et al. 2001), we will consider women with a calculated

level of stored iodine higher than 2 mg to offer full fetal protection, while women with

stores between 1.5 and 2 mg offer only partial protection (proportionally within that

interval).30 As detailed in Section 3.3, we denote the level of fetal protection offered

in month t∗ with S(t∗,M1, · · · ,MK), where M1, · · · ,MK describe the history of IOC

administration in the district. We thereby have:

S(t∗,M1, · · · ,MK) =


1 if It∗ ≥ 2

(It∗ − 1.5)/0.5 if 2 > It∗ ≥ 1.5

0 else

(2)

where the stored iodine, It∗ , is given by the complete iodine intake process prior to t∗

implied by M1, · · · ,MK and the relevant gd (i.e., Nt in t ≤ t∗).

29If goiter rates are very low, we only know that intake is at least 2.14 mg, naturally it could be
higher. This is not relevant in the current context, as the lowest goiter rate among the treated districts
is 28%. Thus no district falls outside the interval that can be predicted by the formula.

30The cut-off levels used by Field et al. (2009)—full protection above 6.5 mg of stored iodine and
partial protection down to 4.2 mg—are based on the supposedly daily recommended iodine intake
for pregnant women of 1.4 to 2.1 mg per day. However, they do not provide the source of these
recommendations. Notably this level is 10 times the intake of 200 µg per day that is recommended for
pregnant women by the World Health Organization et al. (2001).
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D Results for children of head or spouse

Table 9: Effects on the subsample of children of the household head or spouse

All Females Males

Individual
Highest Grade 0.049 0.104 0.010

(0.068) [7782] (0.092) [3776] (0.092) [4006]
Some Primary 0.019 0.037** 0.005

(0.013) [7841] (0.018) [3805] (0.019) [4036]
Comp. Primary -0.009 -0.011 -0.006

(0.010) [7780] (0.013) [3776] (0.013) [4004]
Some Secondary 0.002 0.003 0.003

(0.008) [7780] (0.009) [3776] (0.012) [4004]
Literacy 0.015 0.016 0.015

(0.021) [5240] (0.028) [2760] (0.028) [2480]
Average effects
AES, excl. lit. 0.014 0.029 0.006

(0.021) [7780] (0.026) [3776] (0.030) [4004]
AES, incl. lit. 0.008 0.003 0.038

(0.025) [5165] (0.033) [2720] (0.035) [2445]

Notes: Each cell presents the result from a separate regression on the subsample of children to
the household head or spouse, where the columns indicate different gender samples (female, male
and both) and rows indicate different outcome variables. The first five rows present the result for
each outcome separately while the two last rows present the average effect size (as described in
detail in Section 4) when either including or excluding literacy. Besides the estimated coefficient for
the treatment variable, each cell reports the standard error clustered on district-cohort level within
parenthesis and number of observation in the particular regression in square brackets. Asterisks
indicate significant estimates at the 10% (*), 5% (**) or 1% (***) level.
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E Results for cohorts born in the 1986-1990 period

Our baseline specification includes all cohorts born between 1986 and 1994, with the

purpose of maximizing the sample size. There are, however, two caveats that speak

against the inclusion of the later cohorts. First, as previously discussed, the salt iodiza-

tion programs had already begun in some districts by the early 1990s (which districts

that were targeted is not documented). During this time, the program gradually shifted

from targeting districts that suffered from particularly high goiter rates to complement-

ing salt iodization efforts (Peterson et al. 1999). Therefore, in the later cohorts, the

respondents not affected by the IOC programs could still be protected from ID through

their mothers’ salt consumption. As salt iodization is often preferred to IOC distribu-

tion, due to iodine intake in small doses continuously over time and higher coverage, the

worst case scenario is that our treatment variable actually captures the inverse prob-

ability of protection from iodine for these cohorts—where the “untreated” are better

protected from ID. However, since this only applies to a few districts, or parts of dis-

tricts, the problem should not be particularly severe. Second, in the period 1990-1994,

iodine programs had been initiated in all investigated districts and were repeated on a

more regular basis. Thus, for the cohorts born in 1991 and later, the absolute majority

is considered treated (see Appendix A) and the effective control group (with respect to

the birth fixed effects) is very small.

In this appendix, we therefore present the results using only the 1986-1990 cohorts.

The effect now tends to be negative but close to zero for females (with the exception of

the hyperbolic specification). For males, they tend to be negative to a degree that would

be economically significant, but they remain statistically insignificant. It is not obvious

how to interpret this change. On the one hand, the reduced sample is a priori preferred,

as there is less risk of contamination of the control group. This would indicate that the

estimates in the main analysis overstate the true effect, which might even be negative.

On the other hand, the standard errors are larger due to the reduced sample size, and

in all cases the confidence intervals include rather substantial positive effects.
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Table 10: Educational attainment by treatment specification, 1986-1990 cohorts

All Females Males

Multi-Comp. -0.068 -0.016 -0.143
(0.111) (0.170) (0.150)

Hyperbolic 0.005 0.139 -0.188
(0.112) (0.166) (0.144)

Binary 12 -0.150 -0.066 -0.225
(0.126) (0.203) (0.173)

Binary 18 -0.066 -0.014 -0.137
(0.109) (0.168) (0.146)

Binary 24 -0.018 0.062 -0.137
(0.105) (0.158) (0.137)

Observations 5204 2654 2550

Notes: Each cell presents the result from a separate regression on the sample restricted to cohorts
born between 1986 and 1990, where the columns indicate different gender samples (female, male and
both) and rows indicate different treatment specifications. The specific details for each specification
are outlined in Section 3.3. Besides the estimated coefficient for the treatment variable, each cell
reports the standard error clustered on the district-cohort level within parenthesis. Asterisks indicate
significant estimates at the 10% (*), 5% (**) or 1% (***) level.

Table 11: Educational attainment by data source, 1986-1990 cohorts

All Females Males

Pooled
Full -0.068 -0.016 -0.143

(0.111) [5204] (0.170) [2654] (0.150) [2550]
Excl. NPS 2008 -0.059 -0.082 -0.059

(0.108) [4980] (0.180) [2526] (0.146) [2454]
By Survey
DHS 1999 -0.264 -0.399 0.001

(0.176) [462] (0.310) [230] (0.257) [232]
THBS 2000 0.195* 0.183 0.190

(0.104) [3040] (0.160) [1522] (0.137) [1518]
DHS 2004 -0.414 -0.712 -0.144

(0.257) [910] (0.480) [457] (0.305) [453]
NPS 2008 0.494 1.484 -2.250

(0.889) [224] (1.091) [128] (1.432) [96]
DHS 2010 -0.316 0.367 -1.236*

(0.420) [568] (0.816) [317] (0.694) [251]

Notes: Each cell presents the result from a separate regression on the sample restricted to cohorts
born between 1986 and 1990, where the columns indicate different gender samples (female, male
and both) and rows indicate different surveys. The two first rows present the results from a pooled
analysis, either including or excluding the NPS 2008 survey. Each subsequent row is a separate
survey. Besides the estimated coefficient for the treatment variable, each cell reports the standard
error clustered on district-cohort level within parenthesis and number of observation in the particular
regression in square brackets. Asterisks indicate significant estimates at the 10% (*), 5% (**) or 1%
(***) level.
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Table 12: The effect on additional outcomes, 1986-1990 cohorts

All Females Males

Individual
Highest Grade -0.068 -0.016 -0.143

(0.111) [5204] (0.170) [2654] (0.150) [2550]
Some Primary 0.003 0.035 -0.022

(0.018) [5235] (0.022) [2673] (0.023) [2562]
Comp. Primary -0.038*** -0.049** -0.034*

(0.014) [5203] (0.021) [2654] (0.021) [2549]
Some Secondary 0.004 0.014 -0.007

(0.009) [5203] (0.011) [2654] (0.012) [2549]
Literacy 0.032 0.009 0.052

(0.028) [3834] (0.038) [2152] (0.035) [1682]
Average effects
AES, excl. lit. -0.023 0.005 -0.056

(0.031) [5203] (0.039) [2654] (0.043) [2549]
AES, incl. lit. 0.030 0.004 0.059

(0.031) [3800] (0.042) [2131] (0.053) [1669]

Notes: Each cell presents the result from a separate regression on the sample restricted to cohorts born
between 1986 and 1990, where the columns indicate different gender samples (female, male and both)
and rows indicate different outcome variables. The first five rows present the result for each outcome
separately while the two last rows present the average effect size (as described in detail in Section
4) when either including or excluding literacy. Besides the estimated coefficient for the treatment
variable, each cell reports the standard error clustered on district-cohort level within parenthesis and
number of observation in the particular regression in square brackets. Asterisks indicate significant
estimates at the 10% (*), 5% (**) or 1% (***) level.
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F Specification including district with late programs

Table 13: Effects when including the two districts with late treatment

All Females Males

Individual
Highest Grade 0.084 0.094 0.069

(0.062) [10907] (0.084) [5492] (0.083) [5415]
Some Primary 0.021* 0.036** 0.007

(0.012) [10968] (0.017) [5523] (0.016) [5445]
Comp. Primary -0.005 -0.000 -0.010

(0.009) [10896] (0.012) [5488] (0.012) [5408]
Some Secondary 0.002 0.002 0.003

(0.007) [10896] (0.008) [5488] (0.010) [5408]
Literacy 0.018 0.003 0.032

(0.019) [7225] (0.026) [3971] (0.027) [3254]
Average effects
AES, excl. lit. 0.020 0.032 0.009

(0.018) [10896] (0.023) [5488] (0.025) [5408]
AES, incl. lit. 0.027 0.020 0.038

(0.021) [7137] (0.029) [3924] (0.032) [3213]

Notes: Each cell presents the result from a separate regression when the two districts with late
treatment are included (Mbinga and Bukoba Rural), where the columns indicate different gender
samples (female, male and both) and rows indicate different outcome variables. The first five rows
present the result for each outcome separately while the two last rows present the average effect size
(as described in detail in Section 4) when either including or excluding literacy. Besides the estimated
coefficient for the treatment variable, each cell reports the standard error clustered on district-cohort
level within parenthesis and number of observation in the particular regression in square brackets.
Asterisks indicate significant estimates at the 10% (*), 5% (**) or 1% (***) level.
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G Specifications with less and more controls

Table 14: Effects when using the most parsimonious specification

All Females Males

Individual
Highest Grade 0.050 0.026 0.062

(0.066) [9972] (0.089) [5016] (0.085) [4956]
Some Primary 0.023* 0.035* 0.012

(0.013) [10031] (0.018) [5046] (0.016) [4985]
Comp. Primary -0.012 -0.014 -0.011

(0.009) [9963] (0.013) [5013] (0.012) [4950]
Some Secondary -0.002 -0.003 0.001

(0.007) [9963] (0.008) [5013] (0.010) [4950]
Literacy 0.019 0.007 0.030

(0.021) [6659] (0.029) [3654] (0.029) [3005]
Average effects
AES, excl. lit. 0.010 0.011 0.008

(0.019) [9963] (0.025) [5013] (0.027) [4950]
AES, incl. lit. 0.018 0.008 0.037

(0.024) [6575] (0.033) [3609] (0.034) [2966]

Notes: Each cell presents the result from a separate regression when only controls of age, sex and time
of interview is used, where the columns indicate different gender samples (female, male and both)
and rows indicate different outcome variables. The first five rows present the result for each outcome
separately while the two last rows present the average effect size (as described in detail in Section
4) when either including or excluding literacy. Besides the estimated coefficient for the treatment
variable, each cell reports the standard error clustered on district-cohort level within parenthesis and
number of observation in the particular regression in square brackets. Asterisks indicate significant
estimates at the 10% (*), 5% (**) or 1% (***) level.
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Table 15: Effects when adding additional controls

All Females Males

Individual
Highest Grade 0.064 0.073 0.053

(0.061) [9972] (0.083) [5016] (0.082) [4956]
Some Primary 0.021 0.036** 0.007

(0.013) [10031] (0.018) [5046] (0.016) [4985]
Comp. Primary -0.010 -0.009 -0.011

(0.009) [9963] (0.012) [5013] (0.012) [4950]
Some Secondary 0.000 0.003 -0.001

(0.007) [9963] (0.008) [5013] (0.010) [4950]
Literacy 0.019 0.010 0.030

(0.020) [6659] (0.027) [3654] (0.028) [3005]
Average effects
AES, excl. lit. 0.013 0.026 0.003

(0.018) [9963] (0.023) [5013] (0.026) [4950]
AES, incl. lit. 0.023 0.019 0.032

(0.023) [6575] (0.030) [3609] (0.034) [2966]

Notes: Each cell presents the result from a separate regression when additional controls are added,
where the columns indicate different gender samples (female, male and both) and rows indicate
different outcome variables. The added controls are number of children and number of boys in the
household, overall and sex specific birth order, indicators of house ownership, grass roof and food
shortages, and distances to nearest secondary school and health clinic. The first five rows present
the result for each outcome separately while the two last rows present the average effect size (as
described in detail in Section 4) when either including or excluding literacy. Besides the estimated
coefficient for the treatment variable, each cell reports the standard error clustered on district-cohort
level within parenthesis and number of observation in the particular regression in square brackets.
Asterisks indicate significant estimates at the 10% (*), 5% (**) or 1% (***) level.
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H Specification using ward fixed effects

Table 16: The effect on additional outcomes with ward fixed effects, 1986-1994 cohorts

All Females Males

Individual
Highest Grade 0.103* 0.150* 0.088

(0.060) [9972] (0.087) [5016] (0.082) [4956]
Some Primary 0.020 0.048*** 0.002

(0.013) [10031] (0.018) [5046] (0.016) [4985]
Comp. Primary -0.005 -0.002 -0.005

(0.009) [9963] (0.013) [5013] (0.012) [4950]
Some Secondary 0.004 0.009 -0.000

(0.006) [9963] (0.008) [5013] (0.009) [4950]
Literacy 0.020 0.032 0.018

(0.019) [6659] (0.028) [3654] (0.027) [3005]
Average effects
AES, excl. lit. 0.024 0.052** 0.008

(0.017) [9963] (0.024) [5013] (0.024) [4950]
AES, incl. lit. 0.027 0.047 0.039

(0.020) [6575] (0.029) [3609] (0.026) [2966]

Notes: Each cell presents the result from a separate regression when using ward (rather than district)
fixed effects with cohorts born 1986-1994, where the columns indicate different gender samples (female,
male and both) and rows indicate different outcome variables. The first five rows present the result
for each outcome separately while the two last rows present the average effect size (as described in
detail in Section 4) when either including or excluding literacy. Besides the estimated coefficient for
the treatment variable, each cell reports the standard error clustered on district-cohort level within
parenthesis and number of observation in the particular regression in square brackets. Asterisks
indicate significant estimates at the 10% (*), 5% (**) or 1% (***) level.
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Table 17: The effect on additional outcomes with ward fixed effects, 1986-1990 cohorts

All Females Males

Individual
Highest Grade -0.005 -0.041 -0.004

(0.101) [5204] (0.189) [2654] (0.149) [2550]
Some Primary -0.004 0.036 -0.034

(0.017) [5235] (0.023) [2673] (0.023) [2562]
Comp. Primary -0.028** -0.050** -0.022

(0.014) [5203] (0.023) [2654] (0.022) [2549]
Some Secondary 0.012 0.007 0.012

(0.008) [5203] (0.013) [2654] (0.014) [2549]
Literacy 0.022 0.016 0.028

(0.026) [3834] (0.042) [2152] (0.036) [1682]
Average effects
AES, excl. lit. -0.007 -0.005 -0.023

(0.026) [5203] (0.040) [2654] (0.040) [2549]
AES, incl. lit. 0.016 -0.011 0.054

(0.027) [3800] (0.043) [2131] (0.046) [1669]

Notes: Each cell presents the result from a separate regression when using ward (rather than district)
fixed effects with cohorts born 1986-1990, where the columns indicate different gender samples (female,
male and both) and rows indicate different outcome variables. The first five rows present the result
for each outcome separately while the two last rows present the average effect size (as described in
detail in Section 4) when either including or excluding literacy. Besides the estimated coefficient for
the treatment variable, each cell reports the standard error clustered on district-cohort level within
parenthesis and number of observation in the particular regression in square brackets. Asterisks
indicate significant estimates at the 10% (*), 5% (**) or 1% (***) level.
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I Results by age group

Table 18: The effect in four age groups

Ages 6-9 Ages 10-13 Ages 14-17 Ages 18-21

Individual
Highest Grade 0.048 0.109 0.154 -0.042

(0.052) [2863] (0.089) [3812] (0.185) [1940] (0.321) [885]
Some Primary 0.012 0.001 0.040 -0.003

(0.025) [2894] (0.018) [3836] (0.025) [1944] (0.041) [885]
Comp. Primary -0.020 -0.038

(0.035) [1940] (0.047) [885]
Some Secondary -0.019 0.025

(0.027) [1940] (0.042) [885]
Literacy -0.012 0.044 0.026 0.074

(0.028) [2500] (0.030) [2498] (0.057) [1034] (0.068) [396]
Average effects
AES, excl. lit. 0.048 0.035 0.014 -0.011

(0.040) [2859] (0.046) [3811] (0.063) [1940] (0.079) [885]
AES, incl. lit. 0.001 0.106 -0.098 0.033

(0.040) [2453] (0.052) [2472] (0.108) [1029] (0.113) [396]

Notes: Each cell presents the result from a separate regression where the columns indicate different
age groups and rows indicate different outcome variables. The first five rows present the result for
each outcome separately while the two last rows present the average effect size (as described in detail
in Section 4) when either including or excluding literacy. Blank cells indicate that there is no variation
in the relevant outcome for the studied age group. Besides the estimated coefficient for the treatment
variable, each cell reports the standard error clustered on district-cohort level within parenthesis and
number of observation in the particular regression in square brackets. Asterisks indicate significant
estimates at the 10% (*), 5% (**) or 1% (***) level.
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