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1 Introduction

Early childhood, when brain plasticity and neurogenesis are very high, is an important period

for cognitive and psychosocial skill development (1–3). Investments and experiences during

this period create the foundations for lifetime success (4–13). A large body of evidence demon-

strates substantial positive impacts of early childhood development (ECD) interventions aimed

at skill development (14,15). ECD interventions are estimated to have substantially higher rates

of return than most remedial later-life skill investments. (6, 8, 13, 16).

More than 200 million children under the age of 5 currently living in developing countries

are at risk of not reaching their full developmental potential, with most living in extreme poverty

(17, 18). These children start disadvantaged, receive lower levels of parental investment, and

throughout their lives fall further behind the advantaged (15, 19, 20).

The evidence of substantial long-term economic benefits from ECD is primarily based on

U.S. data (21–30). There are reasons to suspect that these benefits may be higher in developing

countries. Children there typically live in homes where the environment is less stimulating

than in developed countries. As a result, they enter ECD programs with lower levels of skill.

Programs that boost skills are likely to have greater benefits in developing countries because

skills are less abundant there. For example, the returns to schooling are typically higher in

developing countries (31).

This paper reports estimates of the causal effects on earnings of an intervention that gave two

years of psychosocial stimulation to growth-stunted toddlers living in poverty in Jamaica (32).

To our knowledge, this is the first experimental evaluation of the impact of an ECD psychosocial

stimulation intervention on long-term economic outcomes in a developing country (33).

Unlike many other early childhood interventions with treatment effects that fade out over

time (8,13,15), the Jamaican intervention had large impacts on cognitive development 20 years
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later (34). We show that the intervention had large positive effects on earnings, enough for

stunted participants to completely catch up with a non-stunted comparison group. The inter-

vention compensated for early developmental delays and reduced later-life inequality. The Ja-

maican intervention had substantially larger effects on earnings than any of the U.S. programs,

suggesting that ECD programs may be an effective strategy for improving long-term outcomes

of disadvantaged children in developing countries.

2 The Jamaican Study

The Jamaican Study enrolled 129 growth stunted children age 9–24 months that lived in Kingston,

Jamaica, in 1986–1987 (35). Section A of the Supplementary Online Materials (SOM) gives

a detailed description of the intervention and original study design. The children were strat-

ified by age and sex. Within each stratum, children were randomly assigned to one of four

groups: (1) psychosocial stimulation (N=32), (2) nutritional supplementation (N=32), (3) both

psychosocial stimulation and nutritional supplementation (N=32), and (4) a control group that

received neither intervention (N=33). The Jamaican study also surveyed a comparison group of

84 non-stunted children who lived nearby. All subjects were given access to free health care.

The stimulation intervention (groups 1 and 3) consisted of two years of weekly one-hour

play sessions at home with trained community health aides designed to develop child cognitive,

language and psychosocial skills. The stimulation arms of the Jamaica Study showed signif-

icant long-term cognitive benefits through age 22 (36, 37). Moreover, stimulation had posi-

tive impacts on psychosocial skills, schooling attainment and reduced participation in violent

crimes (36).

The nutritional intervention (groups 2 and 3) consisted of giving one kilogram of formula

containing 66% of daily-recommended energy (calories), protein and micronutrients provided
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weekly for 24 months. The nutrition-only arm, however, had no long-term effect on any mea-

sured outcome (36, 38). In addition, there were no statistically significant differences in effects

between the stimulation and stimulation-nutrition arms on any long-term outcome although the

arm with both interventions had somewhat stronger outcomes (see SOM section D). Hence, we

combine the two psychosocial stimulation arms into a single “stimulation” treatment group and

combine the nutritional supplementation only group with the pure control group into a single

“control” group, understating the benefits of the joint intervention.

3 Methods

We resurveyed both the stunted and non-stunted samples in 2007-08, some 20 years after the

original intervention when the participants were approximately 22 years old. We found and in-

terviewed 105 out of the original 129 stunted study participants. This sample was balanced. We

only observe statistically significant differences in 3 out of 23 variables at baseline (SOM Ta-

ble S.1). In addition, there is no evidence of selective attrition. We also found and interviewed

65 out of the 84 children of the original comparison sample. For that sample there are signif-

icant differences in the baseline characteristics of the attrition and non-attrition groups (SOM

Table S.3).

We estimate the impact of the stimulation intervention on earnings by comparing the earn-

ings of the stunted-treatment group to those of the stunted-comparison group. In this paper,

we control for potential bias from baseline imbalances using Inverse Propensity Weighting

(IPW) (39). We then assess the degree to which the intervention enabled the stunted-treatment

group to catch up to the non-stunted comparison group by comparing the earnings of the treat-

ment group to those of the comparison group. In the catch-up analysis, we correct for potential

attrition bias using IPW weighting. See SOM section B for the analysis of baseline balance,
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attrition, and the details of implementing IPW.

In order to better understand the external validity of our catch-up analysis, we compare the

non-stunted group to the general population using data on individuals 21-23 years old living in

the greater Kingston area from the 2008 Jamaican Labor Force Survey (JLF) survey. By age 22,

the non-stunted group attained comparable levels of skills as those of persons the same age who

were living in the Kingston Area interviewed in the JLF (SOM Table S.4). The two samples are

equally likely to still be in school and achieve the same educational level in terms of the highest

grade of schooling attained and passing national comprehensive matriculation exams.

Statistical inference is complicated by small sample size and multiple outcomes. We address

the problem of small sample size by using exact permutation tests as implemented in (21). We

correct for the danger of arbitrarily selecting statistically significant treatment effects in the

presence of multiple outcomes by performing multiple hypothesis testing based on the stepdown

algorithm proposed in (40). In addition, we aggregate over outcomes using a non-parametric

combining statistic. Section C of the SOM gives details.

4 Parental Investment and Migration

The stimulation intervention was designed to improve maternal-child interactions and the qual-

ity of parenting. Using the infant-toddler HOME score (41, 42), we examine whether treatment

resulted in more maternal investment in stimulation activities at home during the experimental

period. The HOME score captures the quality of parental interaction and investment in children

by observing the home environment and maternal activities with her child.

The intervention increased the HOME inventory during the intervention period. At baseline

there was no difference in parenting between treatment and control groups (SOM Table S.1). At

the end of the 2-year intervention the HOME inventory of the stunted treatment group was 16%,
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greater than the that of the control group (p=0.01). However, the effect of the intervention on

home environment and maternal activities with her child appears to have declined afterwards.

Using a series of HOME-like questions designed to capture stimulation activities in mid-to-late

childhood (43), there was no difference between the treatment and control groups at 7 or later

at age 11.

While most of the direct parental stimulation encouraged by the intervention seems to have

occurred during the treatment period, the intervention may have also affected other types of

parental investments later in life that, in turn, also contributed to improved earnings. As chil-

dren exited the intervention period with higher skills, parents may have realized that invest-

ments, such as schooling, had higher returns than they might otherwise would have thought. In

fact, significant differences in schooling attainment appear at age 17 (36). By age 22, the treat-

ment group had 0.6 (p=.08) more years of schooling attainment than the control group. The

proportion of the treatment group still enrolled in full time school (0.22) was more than 5 times

larger than in the control group (0.04) (p <=.01).

The stimulation treatment may have improved children’s skills enough so that families were

encouraged to move overseas to take advantage of better education and labor market opportuni-

ties. The overall migration rate of the treatment group (0.22) was significantly higher than that

of the control group (0.12) (p-value = .09) implying that treatment is associated with migration.

5 Earnings

5.1 Measurement

We examine the impact of the stimulation intervention on average monthly earnings, which

are calcuated as total earnings through the date of the survey divided by the number of months

worked to that date. Earnings are expressed in 2005 dollars using the Jamaican CPI and are then
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transformed into logs. Migrants’ earnings are first deflated to 2005 using the CPI of residence

and were then converted to Jamaican dollars using PPP adjusted exchange rates. In Section B.3

of SOM we report the results of all analyses separately for earnings from the first job, last job

and current job. See Section E of SOM for more details on the construction of these variables.

One issue is that in the treatment group there are more individuals who both work and attend

school full time than in the control group. Working, full-time students are likely to have lower

earnings than non-students with the same education. Hence, observed average earnings likely

understate the long run earnings of the treatment group more than the control group, implying

that we underestimate the long-run effects of treatment on earnings. We address this issue by

restricting the sample to earnings in full time jobs (at least 20 days per month), which excludes

those who had part-time jobs while primarily attending school. We additionally examine a

sample restricted to non-temporary permanent jobs (8 months a year or more) in order to omit

students working in summer jobs that may have been full time. Of the 105 individuals in the

sample, 103 had participated in the labor force, 99 had a full time job, and 75 had a non-

temporary full time job.

Another issue is the selective attrition of the migrants. We were able to locate and interview

14 out of the 23 migrants. Among those 14 migrants, we found a significantly larger share of

the treatment migrants than of the control migrants. Over-representation of treatment migrants

can be a source of bias as migrant workers earn substantially more than those who stay in

Jamaica. We address potential bias by imputing earnings for the 9 missing migrants. We replace

missing values with predicted log earnings from an OLS regression on treatment, gender and

migration status. Imputing the missing observations re-weights the data so that the treatment

and control groups of migrants are no longer under- or over-represented in the sample. In a

sensitivity analysis, we delete migrants and still find strong and statistically significant effects

of the program on earnings (see SOM section D.4).
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5.2 Results

We begin by examining the impact of the intervention on densities of log earnings at age 22.

Panel A of Figure 1 presents Epanechnikov kernel density estimates of the treatment and control

groups estimated using bandwidths that minimize mean integrated squared error for Gaussian

data. The figures show that for all comparisons the densities of log earnings for the treatment

group are shifted everywhere to the right of the control group densities. The differences are

greater when we restrict the sample to full time workers and even greater when we restrict the

sample further to non-temporary workers.

The estimated impacts on log earnings, reported in Table 1, show that the intervention had

a large and statistically significant effect on earnings. Average earnings from full time jobs are

25% higher for the treatment group than for the control group, where the percent difference is

estimated by exp(β)− 1 and β denotes the treatment effect estimate from Table 1. The impact

is substantially larger for full-time permanent (non-temporary) jobs.

The results of the catch-up analysis, presented in Table 2, show that the stunted treatment

group caught up with the non-stunted comparison group, while the control group remained be-

hind. The differences in log-earnings between the non-stunted group and the stunted treatment

group are never statistically significant and average around zero. The graphs in Panel B in

Figure 1 generally show little difference between the earnings densities for the two groups. In

contrast, the stunted control group remains behind. The non-stunted comparison group consis-

tently earns significantly more than the stunted control group (Table 2).

SOM Section D presents the results of a range of specification tests that corroborate the

robustness of the estimates presented in Table 1. Specifically, we first examine treatment effects

separately for the pure stimulation intervention and for the combined stimulation/supplemental

intervention, and test whether we can pool the two arms Second, we test the hypothesis that

there is no effect of nutritional supplementation on log earnings and whether we can pool the
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supplementation and pure control groups. Third, we examine the extent to which the estimates

may be affected by censoring that arises because we only observe the earnings of those em-

ployed who are in the labor force. Fourth, we examine the extent to which the imputation of the

earnings of missing migrants influences the estimates. Finally, we assess the extent to which

the IPW correction for baseline imbalance affected the estimates by re-estimating the effects of

treatment on earnings without the IPW weights.

6 Conclusions

This is the first study to experimentally evaluate the long-term impact of an early childhood

psychosocial stimulation intervention on earnings in a low income country. Twenty years af-

ter the intervention was conducted, we find that the earnings of the stimulation group are 25%

higher than those of the control group and caught up to the earnings of a non-stunted compar-

ison group. These findings show that a simple psychosocial stimulation intervention in early

childhood for disadvantaged children can have a substantial effect on labor market outcomes

and can compensate for developmental delays. The estimated impacts are substantially larger

than the impacts reported for the US–based interventions, suggesting that ECD interventions

may be an especially effective strategy for improving long-term outcomes of disadvantaged

children in developing countries.
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Figure 1: Impact of Stimulation Treatment and Catch-up on the Densities of Average Earnings
at Age 22

A. Treatment (solid line) and Control (dotted line) Densities for Average Earnings
All Job Types Full Type Jobs Non-temporary Jobs
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B. Comparison (dotted line) and Treated (solid line) Densities for Average Earnings
All Job Types Full Type Jobs Non-temporary Jobs
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Panel A presents the log earnings densities for the treatment and control groups using data where earnings of mi-
grant workers who were lost to follow-up were imputed. The control density is the dotted line and the treatment
density the solid one. Panel B presents the log earnings densities for the non-stunted comparison and stunted treat-
ment groups, where where earnings of migrant workers who were lost to follow-up were imputed. The treatment
group density is the dotted line and the non-stunted group density the solid one. The densities are estimated using
Epanechnikov kernels. The treatment densities were estimated with an optimal bandwidth defined as the width that
would minimize the mean integrated squared error under the assumption that the data are Gaussian. For purposes
of comparability, the same bandwidth used was used for the corresponding control group.
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Table 1: Treatment Effect on Average Log Earnings at Age 22
(Statistically Significant Results in Bold)

Job Type All Job Types Full Time Job Non-Temporary Combined
Job (Rank Mean)

Treatment Effect 0.30 0.22 0.39 0.09
Single p-value (0.01) (0.04) (0.01) (0.04)

Stepdown p-value [0.02] [0.04] [0.02] –
Control Mean 9.40 9.59 9.67 0.36

Sample Size 109 105 82 109

This table reports the estimated impacts of treatment on log monthly earnings for the observed sample with imputations for the earnings of
missing migrants (9 observations imputed). Estimates are not reported for the current job for non-temporary workers because the non-missing
sample size is less than 40% of the total sample. The treatment effects are interpreted as the differences in the means of log earnings between
the stunted treatment and stunted control groups conditional on baseline values of child age, gender, weight-for-height z-score, maternal
employment, and maternal education. Our p-values are for one-sided block permutation tests of the null hypothesis of no treatment effect
(single p-value, in parenthesis) and multiple hypotheses (stepdown p-value, in brackets) of no treatment. Permutation blocks are based on
the conditioning variables used in the treatment effect regressions. The last column uses a combined statistic that summarizes the participant’s
outcomes. Specifically, we perform a a single-hypothesis inference using the average rank across variables as a test statistic. See SOM section C
for details.
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Table 2: Catch Up - Comparison of Average Earning at Age 22 of the non-stunted and stunted
treatment and control samples

(Statistically Significant Results in Bold)

Panel (I) Non-stunted - treatment

Job Type All Job Full Time Non-Temporary Combined

Types Job Job (Rank Mean)

Treatment Effect -0.06 -0.08 -0.24 -0.01
Single p-value (0.68) (0.75) (0.94) (0.59)

Stepdown p-value [0.78] [0.79] [0.94] –
Control Mean 9.90 9.97 10.11 0.47

Sample Size 120 116 97 120

Panel (II) Non-stunted - control

Job Type All Job Full Time Non-Temporary Combined

Types Job Job (Rank Mean)

Treatment Effect 0.21 0.13 0.10 0.07
Single p-value (0.05) (0.15) (0.24) (0.09)

Stepdown p-value [0.08] [0.18] [0.24] –
Control Mean 9.63 9.76 9.77 0.44

Sample Size 121 119 101 121

The table presents estimates of the difference in the means of log earnings between respectively (I) the weighted
non-stunted comparison group and the stunted cognitive stimulation group and (II) the weighted non-stunted com-
parison group and the stunted control group. Our p-values are for one-sided block permutation tests of the null
hypothesis of complete catch up on each outcome (single p-value, in parentheses) and accounting for multiple
hypotheses (stepdown p-values, in brackets). Permutation blocks are based on gender only, but do not control
for differences in baseline values because the aim is to test for catch-up despite the initial disadvantage. The last
column uses a combined statistic that summarizes the participant’s outcomes. Specifically, we perform a a single-
hypothesis inference using the average rank across variables as a test statistic. See SOM section C for details.
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A The Jamaican Study

A.1 Intervention and Experimental Design

In 1986-1987, the Jamaican Study enrolled 129 stunted children age 9-24 months that lived in poor disadvantaged

neighborhoods of Kingston, Jamaica (35). Enrollment was conditioned on stunting because it is an easily and

accurately observed indicator of malnutrition that is strongly associated with poor cognitive development (18).

Stunting was defined using international standards as having a height less than two standard deviations of reference

data by age and sex (45). The children were stratified by age (above and below 16 months) and sex. Within each

stratum, children were sequentially assigned to one of four groups by random assignment. The four groups were

(1) psychosocial stimulation (N=32), (2) nutritional supplementation (N=32), (3) both psychosocial stimulation

and nutritional supplementation (N=32), and (4) a control group that received neither intervention (N=33). All

children were given access to free health care regardless of the group to which they were assigned.

The stimulation intervention (comprising groups 1 and 3) consisted of two years of weekly one-hour play

sessions at home with trained community health aides1 designed to develop child cognitive, language and psy-

chosocial skills. Activities included mediating the environment through labeling, describing objects and actions in

the environment, responding to the child’s vocalizations and actions, playing educational games, and using picture

books and songs that facilitated language acquisition. The first 18 months included Pigetian concepts such as use of

a tool and object permanence (46). After 18 months concepts such as size, shape, quantity, color and classification

based on Palmer (1971) were included. Particular emphasis was placed on the use of praise and giving positive

feedback to both the mother and child. Each session’s curriculum was adjusted to the child so that activities were

at the appropriate level for the child.

A major focus of the weekly visits was on improving the quality of the interaction between mother and child.

At every visit the use of homemade toys was demonstrated and the toys were left for the mother and child to use

until the next visit when they were replaced with different ones. Mothers were encouraged to continue the activities

between visits. The intervention was innovative not only for its focus on structured activities to promote cognitive,

language and socio-emotional development but also for its emphasis on supporting the mothers to promote their

child’s development.

1The aides had completed at least secondary education and training in nutrition and primary heatlh care as part
of the government job. They were seconded to the study and received an additional 8 weeks of training in child
development, teaching techniques and toy making (35).
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The nutritional intervention (comprising groups 2 and 3) was aimed at compensating for the nutritional de-

ficiencies that may have caused stunting. The nutritional supplements, provided weekly for 18 months, con-

sisted of one kilogram of formula containing 66% of daily-recommended energy (calories), and 100% of daily-

recommended protein and micronutrients (see (47) for details). In addition, in an attempt to minimize sharing of

the formula with other family members, the family also received 0.9 kilograms of cornmeal and skimmed milk

powder. Despite this, sharing was common and uptake of the supplement decreased significantly during the inter-

vention (48).

Of the 129 study participants, two of the participants dropped out before completion of the two-year program.

The remaining 127 participants were surveyed at baseline, resurveyed immediately following the the end of the

two-year intervention, and again at ages 7, 11, and 17. Our analysis is based on a re-interview of the sample in

2007-08 when the participants were approximately 22 years old, some 20 years after the original intervention. We

obtained 105 interviews at age 22.

A.2 External Comparison Group

For comparison purposes, the study also enrolled a sample of non-stunted children from the same neighborhoods,

where non-stunted was defined as having a height for age z-score greater than -1 standard deviations. At baseline,

every fourth stunted child in the study was matched with one non-stunted child who lived nearby and was the same

age (plus or minus 3 months) and sex. At age 7, this sample of 32 was supplemented with another 52 children who

had been identified in the initial survey as being non-stunted and fulfilled all other inclusion criteria. Members of

the non-stunted comparison group did not receive any intervention, but did receive the same free health care as

those in the stunted experimental group. From age 7 onwards, this group was surveyed at the same time as the

participants in the experiment.

A.3 Previous Studies

The stimulation and the combined stimulation-nutrition arms of the Jamaica Study proved to have a large long-term

impact on cognitive development. At the end of the 2-year intervention, the developmental levels of children who

received stimulation were significantly above the control group and approached those of the external non-stunted

group (32). While cognitive benefits decreased somewhat by age 7, significant long-term benefits were sustained

through age 22 (36, 37). Moreover, stimulation had positive impacts on psychosocial skills, schooling attainment

4



and reduced participation in violent crimes (36).

While the stimulation arms had strong and lasting effects, the nutrition-only arm had no long-term effect

on any measured outcome (36, 38).2 In addition, there were no statistically significant or quantitatively important

differences in effects between the stimulation and stimulation-nutrition arms on any long-term outcome. Hence, we

combine the two psychosocial stimulation arms into a single treatment group (N=64) and combine the nutritional

supplementation only group with the pure control group into a single control group (N=65).3 Henceforth we use

the term stimulation effects of stunted participants to designate the analysis that compares groups 1 and 3 against

groups 2 and 4.

2This is in contrast to the Guatemala Study in which nutritional supplementation did affect both long-term
health status and earnings ( (44); (49)). Supplementation in Jamaica may have begun too late to have had an
impact. The Guatemala study started supplementing children in utero and at birth, before the children became
malnourished, while the Jamaican program started at later ages after the children were already malnourished. Other
possible reasons for the difference include the fact that the supplement was more intensively shared with other
family members in Jamaica and the supplement was a smaller share of the total food budget in Jamaica (35,44,47).

3We formally test the hypotheses that groups 1 and 3 and be pooled, that groups 2 and 4 can pooled, and that
supplementation had no impact on earnings in Appendix D.2.
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B The New Survey

We resurveyed both stunted (experimental) and non-stunted (comparison) study populations in 2007-08 some 20

years after the original intervention when the participants were approximately 22 years old.4 We attempted to find

all of the study participants regardless of current location and followed migrants to the the US, Canada, and the

UK. When we could not find a participant in Jamaica, we contacted relatives for further information to find the

participants.

B.1 Stunted Experimental Sample

We were able to find and interview 105 out of the original 127 (83%) stunted participants who completed the

program. The stunted sample remained balanced as we only observe significant differences in 3 out of 23 variables

(Table S.1). Mothers of children in the treatment group were more likely to be employed and have completed less

schooling than mothers of children in the control group, and children in the treatment group had lower weight for

height than children in the control group. These imbalances are already present in the full baseline sample of 127,

which suggests that they were the result of sampling variation in the original randomization rather than differential

sample attrition. We control for baseline imbalances using Inverse Propensity Weighting (IPW), which re-weights

observed data using predicted probabilities of treatment (39). The predictions come from a logit model of treatment

assignment as a function of the baseline characteristics whose means are significantly different between treatment

and control groups.

Twenty-two (17%) of the 127 original participants were not interviewed, of which 10 were not found, 9

died, and 3 of those who were found refused to be interviewed. Of the 13 that were not found or refused to be

interviewed, 9 were migrants. Treatment status is not a significant predictor of the overall probability of attrition

and the baseline means of none of the 23 individual variables are not significantly different between the group

that dropped out and the group that stayed in the sample, even when we stratify by treatment and control (Table

S.2). Hence, in terms of measured variables, there appears to be no selective attrition and the remaining sample is

representative of the original sample.

We examine the impact of the intervention on densities of log earnings. Figure S.1 presents Epanechnikov

kernel density estimates of the treatment and control groups estimated using bandwidths that minimize mean

integrated squared error for Gaussian data. The Figure shows the estimated density for the earnings variables

4The survey received ethical clearance from the IRB of the University of the West Indies in Kingston, Jamaica.
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associated with first, last and current job.

B.2 Non-Stunted Comparison Sample

We found and interviewed 65 children out of the 84 children originally surveyed with an implied attrition rate of

23%, which is slightly higher than that for the experimental sample. There are, however, significant differences

in the baseline characteristics of the attrition and non-attrition groups for 4 out of the 15 variables in the non-

stunted sample (SOM Table S.3). Mothers in the attrition group are older, perform better on the Picture Peabody

Verbal Test (PPVT), provide more verbal stimulation to their children and live in better houses than mothers who

do not attrit. We correct for attrition using IPW to re-weight the observed data using predicted probabilities of

attrition (39). The predictions come from a logit model of attrition as a function of the baseline characteristics

whose means are statistically significantly different between attrited and non-attrited groups.

In order to better understand the external validity of our catch-up analysis we compare the non-stunted group

to the general population using data on individuals 21-23 years old living in the greater Kingston area from the

2008 Jamaica Labor Force (JLF) survey that was collected in the same year as the last follow-up. Unfortunately,

the labor supply and earnings questions in the JLF and in our survey were asked in different ways, and there was a

50% non-response rate in the JLF to the earnings questions among those who were employed. Only the education

variables are directly comparable. By age 22, the non-stunted group attained comparable levels of human capital

as those of the same age and living in the Kingston Area interviewed in the Labor Force Survey (SOM Table S.4).

The two samples are equally likely to still be in school and achieve the same level of educational attainment in

terms of years of schooling and passing national comprehensive matriculation exams. This suggests that the human

capital of the non-stunted comparison group is not different from a representative sample of youth in the Kingston

area during the study period.

Table S.5 compares education at 22 years old and skills at 18 years old for the non-stunted comparison sample

and the stunted sample in the treatment group. The non-stunted comparison sample performs consistently better

only in measurements for cognitive skills, but cannot be distinguished from the stunted treated group for all other

dimensions.

Figure S.2 presents the Kernel estimates of the earnings densities for the comparison and treatment group. The

Figure shows the estimated density for the earnings variables associated with first, last and current job. The next

section presents an empirical analysis of baseline variables, attrition and external validity.
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B.3 Baseline, Attrition, External Validity and Treatment Effect Tables

This Appendix presents descriptive statistics of baseline variables as well as tests for baseline of the treatment and

control stunted sample, selective attrition and external validity.

Table S.1 investigates whether baseline means of the stunted sample are balanced between treatment and

control groups. The table reports means of the two groups and the difference in means. The p-values are for

two-sided permutation tests of the null hypotheses that the baseline means of the treatment and control groups are

equal. We only observe statistically significant differences in 3 out of the 23 variables we examined.

Table S.2 investigates if there is evidence for non-random attrition in the stunted sample. The p-values are for

two-sided permutation tests of the null hypotheses that the baseline means of the sample found in the 2008 and

the sample not found in 2008 are equal. The first column of the table reports p-values for the full sample and the

next two columns report the p-values separately for, respectively, the treatment and control samples. We found no

statistically significant differences between the missing and non-missing samples.

Table S.3 investigates if there is evidence for non-random attrition in the non-stunted comparison sample. The

p-values for two-sided permutation tests of the null hypotheses that the baseline descriptive statistics for the non-

stunted sample found in the 2008 survey (Non-Attrited) and the group lost in the 2008 survey (Attrited) are equal.

We observe statistically significant differences in 4 out of the 15 variables we examined.

Table S.4 examines the external validity of non-stunted comparison group. It compares human capital mea-

sures from the non-stunted sample collected in 2008 with individuals age 22 and 23 years old living in Kingston

Metropolitan Area from from the 2008 Jamaica Labor Force (JLF) survey. The p-values are for for two-sided

permutation tests of the null hypotheses that the difference in means between the Jamaican non-stunted sample

and the JLF sample is zero.

Table S.6 reports the estimated impacts of treatment on log monthly earnings for the observed sample with

imputations for the earnings of missing migrants (9 observations imputed). It displays the analysis of three types

of earnings associated with the available data on the participant first job, last job and current job.

Table S.7 examines the catch up effect on Log Earnings between the non-stunted and stunted treatment and

control samples. It displays the type of variables examined in Table S.6. Namely, earnings associated with the

available data on the participant first job, last job and current job.
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Figure S.1: Impact of Stimulation Treatment on the Densities of Log Earnings at Age 22

A. Treatment (solid line) and Control (dotted line) Densities for First Job
All Job Types Full Type Jobs Non-temporary Jobs
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B. Treatment (solid line) and Control (dotted line) Densities for Last Job
All Job Types Full Type Jobs Non-temporary Jobs
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C. Treatment (solid line) and Control (dotted line) Densities for Current Job
All Job Types Full Type Jobs Non-temporary Jobs
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These figures present the log earnings densities for the treatment and control groups using data where earnings of
migrant workers who were lost-to-follow-up were imputed. The control density is the dotted line and the treatment
density the solid one. The densities are estimated using Epanechnikov kernels. The treatment densities were
estimated with an optimal bandwidth defined as the width that would minimize the mean integrated squared error
under the assumption that the data are Gaussian. For comparability purposes, the same bandwidth used was used
for the corresponding control group.
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Figure S.2: Catch up of Treatment Group Earnings to Comparison Group Earnings at Age 22

A. Comparison (dotted line) and Treated (solid line) Densities for First Job
All Job Types Full Type Jobs Non-temporary Jobs
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B. Comparison (dotted line) and Treated (solid line) Densities for Last Job
All Job Types Full Type Jobs Non-temporary Jobs
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C. Comparison (dotted line) and Treated (solid line) Densities for Current Job
All Job Types Full Type Jobs Non-temporary Jobs
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These figures present the log earnings densities for the non-stunted comparison and stunted treatment Groups,
where where earnings of migrant workers who were lost to follow-up were imputed. The treatment group density
is the dotted line and the non-stunted group density the solid one. The densities are estimated using Epanech-
nikov kernels. The treatment densities were estimated with an optimal bandwidth defined as the width that would
minimize the mean integrated squared error under the assumption that the data are Gaussian. For comparability
purposes, the same bandwidth used was used for the corresponding control group.
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Table S.2: p-Values for Tests of Attrition Bias in the Stunted Sample

Full Treatment Control
Sample Group Group

A. Parental/Household Characteristics
Mother present (1.00) (1.00) (1.00)

Mother/guardian’s age (years) (0.11) (0.38) (0.19)
Mother /guardian employed (0.41) (0.28) (1.00)

Mother/guardian school ≥ 9th grade (1.00) (1.00) (0.72)
Mother/guardian had any training after school (0.59) (0.69) (0.29)

Mother/guardian’s PPVT (0.55) (0.60) (0.75)
Mothers/guardian’s height (cm) (0.86) (0.55) (0.51)

Father present (0.82) (1.00) (0.76)
HOME score on enrolment (0.31) (0.70) (1.00)

Access to piped water in the house/yard (0.28) (0.45) (0.48)
Household with more than 4 people per room (1.00) (1.00) (0.51)
Number of household possessions: at least 3 (1.00) (0.72) (0.72)

Mother total number of children (0.41) (0.67) (0.51)
B. Child Characteristics

Age (years) (0.22) (0.49) (0.33)
Male (0.26) (0.51) (0.52)

Birth order (0.38) (0.72) (0.46)
Birth Weight < 2500 grams (0.23) (0.16) (1.00)

Head Circumference (cm) (0.29) (0.65) (0.27)
Daily Calories Consumed (0.81) (0.33) (0.13)

Daily Protein Consumed (grams) (0.59) (0.52) (0.14)
Griffith Developmental Quotient (0.63) (0.38) (0.87)

Height for Age z-Score (0.37) (0.77) (0.29)
Weight for Height z-Score (0.35) (0.87) (0.12)

This table reports the p-values for two-sided permutation tests of the null hypotheses that the difference in baseline
means of the sample found in the 2008 and the sample not found in 2008 are equal. The first column reports that
results for the full sample and the next two columns report the results separately for, respectively, the treatment
and control samples.
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Table S.3: Attrition in Non-Stunted group

Non-Attrited Attrited Difference Single
Variables at the 7-years-old wave Group Mean Group Mean in Means p-value

Maternal age 32.38 37.45 5.07 (0.05)
Mother present 0.86 0.66 -0.2 (0.13)

Maternal employment 0.66 0.56 -0.1 (0.47)
Maternal education 0.36 0.17 -0.19 (0.10)

Maternal PPVT Score 94.78 84.35 -10.43 (0.09)
Home stimulation: books +paper 0.46 0.2 -0.26 (0.30)

Home stimulation: games and trips 0.03 -0.01 -0.04 (0.89)
Home stimulation: verbal stimulation 0.12 -0.3 -0.42 (0.05)

Home stimulation: writing material 0.09 -0.06 -0.15 (0.44)
Housing score 8.83 9.56 0.73 (0.09)

Child misses school because of money 0.33 0.28 -0.05 (0.77)
Weight for Age z-Score 0.19 0.16 -0.03 (0.88)
Height for Age z-Score 0.81 0.9 0.09 (0.76)

Stanford Binet 82.23 80.74 -1.49 (0.48)
Ravens 13.86 12.84 -1.02 (0.24)

This table reports the baseline descriptive statistics for the sample of non-stunted comparison group member found
(Non-Attrited) in the 2008 survey and the group lost (Attrited) in the 2008 survey, using available variables at 7
years old. We used variables at 7 years old because this is the first age where all of the non-stunted children in the
final cohort are interviewed (52 non-stunted children were added at 7 years old). The p-values reported in the last
2 column are for two-sided permutation tests of the null hypotheses that the difference in non-attrited and attrited
group means are zero.

13



Table S.4: External Validity of Non-stunted Comparison Group

JLFS Comparison Difference Single
Comparison with JLFS 2008 Mean Group Mean in Means p-value

Studying full time 0.09 0.06 -0.03 (0.46)
Highest Grade Completed 10.83 10.87 0.04 (0.76)

Passed at least one CXC exam 0.44 0.36 -0.08 (0.22)
Passed 4 or more CXC exams 0.28 0.32 0.04 (0.33)

Passed at least one CAPE 0.13 0.2 0.07 (0.02)

The table compares the non-stunted comparison group with a sample from the Jamaican Labor Force Survey
2008 (JLFS). The JLFS sample includes individuals of ages 22 and 23 years old living in Kingston Metropolitan
Area. The p-values reported in the last column are for two-sided permutation tests of the null hypotheses that the
difference in means between the two samples is zero.
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Table S.6: Treatment Effect on Log Earnings at Age 22

Job Type All Job Types Full Time Job Non-Temporary Combined
Job (Rank Mean)

A. First Job
Treatment Effect 0.17 0.21 0.43 0.09

Single p-value (0.21) (0.14) (0.04) (0.14)
Stepdown p-value [0.21] [0.19] [0.07] –

Sample Size 106 106 83 109
B. Last Job
Treatment Effect 0.13 0.27 0.41 0.08

Single p-value (0.23) (0.02) (0.01) (0.07)
Stepdown p-value [0.23] [0.04] [0.02] –

Sample Size 110 107 83 110
C. Current Job
Treatment Effect 0.19 0.31 – 0.09

Single p-value (0.21) (0.05) – (0.10)
Stepdown p-value [0.21] [0.08] – –

Sample Size 81 71 – 81

This table reports the estimated impacts of treatment on log monthly earnings for the observed sample with imputations for the earnings of
missing migrants (9 observations imputed). Estimates are not reported for the current job for non-temporary workers because the non-missing
sample size is less than 40% of the total sample. The treatment effects are interpreted as the differences in the means of log earnings between
the stunted treatment and stunted control groups conditional on baseline values of child age, gender, weight-for-height z-score, maternal
employment, and maternal education. Our p-values are for one-sided block permutation tests of the null hypothesis of no treatment effect
(single p-value, in parenthesis) and multiple hypotheses (stepdown p-value, in brackets) of no treatment. Permutation blocks are based on
the conditioning variables used in the treatment effect regressions. The last column uses a combined statistic that summarizes the participant’s
outcomes. We perform a a single-hypothesis inference using the average rank across variables as a test statistic. See SOM section C for details.
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C Methodology

We investigate two questions; (1) What is the impact of the stimulation treatment on earnings and (2) Does treat-

ment enable the stunted treatment group to catch-up with the non-stunted comparison group? We estimate the

treatment effect on earnings in the experimental stunted sample by linear regression controlling for the variables

used in the randomization protocol (age and sex). The catch-up analysis compares the non-stunted comparison

group with the stunted treatment group. We estimate the catch-up effects using linear regression also controlling

for age and gender.

The small sample size of the Jamaican Study suggests that classical statistical procedures that rely on large

sample asymptotic theory to justify the distribution of test statistics may be misleading. We address this problem

by using non-parametric permutation tests as implemented in (21). Permutation tests are valid in small samples

because they are distribution free and do not rely on assumptions about the parametric sampling distribution.

The structure of the randomization protocol requires us to permute within the age-sex strata blocks used for the

initial randomization. For the treatment effect analysis we expand the number of strata blocks to include the other

variables not balanced at baseline.

Increasing the number of blocks of permutations reduces the number of participants that share the same values

of the conditioning variables. This may render some permutation blocks invalid as some blocks may contain only

treatments or only controls. Effectively, we lose those observations as the treatment status does not vary within

this block. To avoid this problem, we apply a parsimonious selection of conditioning covariates in which we only

add new covariates besides the ones used in the randomization protocol variables if they significantly explain the

outcome of interest. Specifically, we perform a linear regression in which the outcome of interest is explained by

the treatment status, the baseline variables used in the randomization protocol and additional variables we ought

to examine. We only include the additional variables if we are able to reject the null hypothesis that equates the

linear coefficient of the variable being examined to zero. We perform the inference using a double-sided bootstrap

p-value and we adopt a significance level of 5%.

Application of the block-permutation test is straightforward for discrete variables, but it requires discretization

of continuous variables. Weight-for-height is the only variable that we had to discretize. We chose the largest

possible number of divisions that maximize the minimum number of observations in a block. This led us to divide

the sample in three categories, those with a z-score higher than 0, those less than 0 but greater than -2, and those

less than -2 in the standardized weight for height distribution. We lost no observations for the permutation analysis

18



by following this rule.

The presence of multiple outcomes leads to the potential danger of arbitrarily selecting “statistically signifi-

cant” outcomes where high values of test statistics arise by chance. Testing each hypothesis one at a time with a

fixed significance increases the probability of a type-I error exponentially as the number of outcomes tested grows.

We correct for this potential source of bias in inference by performing multiple hypothesis testing based on the

Family-Wise Error Rate (FWER), which is the probability of rejecting at least one true null Hypothesis. We use

the stepdown algorithm proposed in (50), which generates inference exhibiting strong FWER control. Associated

with each outcome is a single null hypothesis of no treatment effect. We implement the stepdown procedure for

conceptually similar blocks of outcomes.

In addition to the stepdown procedure, we perform multiple hypothesis inference based on a non-parametric

aggregator of the outcomes measures. We first transform the data into the relative order of participants across

outcomes and then rank each participant within each outcome. We then use the difference in means of participant

rank-average as a test statistic. Formally, let I be the set indexing participants of the Jamaican intervention. Let

D = (Di; i ∈ I) be the vector of treatment assignments, such that Di takes value 1 if participant i is assigned to

treatment and 0 otherwise. Let K = {1, . . . ,K} be an index set for a selection of outcomes sought to be tested,

such that Yk = (Yi,k; i ∈ I) denotes the vector of k-th outcome associated with index k ∈ K. Let Yk be the

dimension of outcome vector Yk. In this notation, we can compute the rank of the participants within outcome k

by:

∀i ∈ I, Ri,k =

∑
j∈I 1[Yi,k ≥ Yj,k]

|Yk|
.

Let the average rank of participant i ∈ I across outcomes in K be:

∀i ∈ I, Ri =

∑
k∈KRi,k

|K|
.

The vector of the rank average across outcomes in K for all participants in I, that is, R = (Ri; i ∈ I), can be

used as a combined measure across outcomes. The associated test statistic comparing treatment and control is the

standard difference in means across treatment groups, namely:

∆R =

∑
i∈I DiRi∑
i∈I Di

−
∑

i∈I(1−Di)Ri∑
i∈I(1−Di)

.

We use permutation methods to obtain the sampling distribution.
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D Robustness Tests

In this section we report the results of several analyses that examine the extent to which the estimates of treatment

on earnings in Table 1 are are robust to a number of assumptions and potential concerns.

We first test the hypothesis that we can pool the stimulation and combined stimulation arms into a single treat-

ment group by estimating the treatment effect on log earnings separately for the pure stimulation intervention and

for the combined stimulation/supplemental intervention. We identify the first by comparing the pure stimulation

group to the pure control group and the second by comparing the combined stimulation/supplementation to the

pure supplementation arm (Tables S.8–S.9). These comparisons ensure that in both cases the only difference be-

tween the treatment and comparison groups is the stimulation intervention. The results presented in Tables S.8–S.9

show that the estimated effect sizes of the two approaches are close to one another in almost all cases.5 Moreover,

we cannot reject the hypothesis that the estimated treatment effects using the stimulation group are equal to the

estimated treatment effect using the combined stimulation/supplementation group in all cases.

Second, we test the hypothesis that there is no effect of nutritional supplementation on log earnings and that

we can pool the supplementation and pure control groups. We estimate the treatment effect on log earnings sep-

arately for the pure supplementation intervention and for the combined stimulation/supplemental intervention by

comparing the pure supplementation group to the pure control group and the second by comparing the combined

stimulation/supplementation to the pure stimulation arm (Tables S.10–S.11). These comparisons ensure that in

each case the only difference between the treatment and comparison groups is the supplementation intervention.

The results presented in Tables S.10–S.11 show that the estimated effect sizes of the two approaches are in gen-

eral close to one another and none are statistically significant. In all cases we cannot reject the null hypothesis

that the estimated treatment effect using the supplementation group is equal to the estimated treatment effect us-

ing the combined stimulation/supplementation group. Finally, we estimate the effect of supplementation on log

earnings by comparing the the pooled supplementation and combined supplementation/stimulation groups to the

pooled stimulation and control groups (SOM Table S.12) and find that none of the estimated effects are statistically

significantly different from zero.

Third, we examine the extent to which the estimates may be affected by censoring in that we only observe

the earnings of those employed who are in the labor force. We estimate the effect of treatment on labor force

5The coefficients are close in 20 out of 22 cases and positive in all cases. Despite the substantially smaller
sample sizes than in the pooled model, 10 of the estimated effects are significantly different from zero and the
combined rank mean test is statistically significant in 5 out of the 8 cases.
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participation using the methods discussed in Section C and find that treatment does not appear to affect overall

labor force participation or participation in full or non-temporary jobs (Table S.13). These results are consistent

with negligible bias from censoring in the estimated treatment effects on earnings.

Fourth, we examine the concern that the results might be driven by migrants and therefore sensitive to the

imputations of earnings for the 9 missing migrants. We re-estimate the effect of treatment on log earnings excluding

the migrants (SOM Table S.14) and find that estimated effect sizes remain very close to the original estimates both

in terms of magnitude and and statistical significance.

Finally, we assess the extent to which the IPW correction for baseline imbalance affected the estimates by

re-estimating the effects of treatment on earnings without the IPW weights (SOM Table S.15). Again, we find the

results remain close to the original estimates both in terms of size and significance.

D.1 Empirical Analysis

This appendix reports results of analyses of the robustness of the estimated treatment effects the stimulation on

log earnings reported in Table 1 to assumptions and adjustments. Specifically, this appendix presents evidence to

support (1) the pooling of the stimulation and combined stimulation/supplementation arms into a single treatment

group, (2) that there is that there is no effect of supplementation on earnings, (3) that the estimates are not sensitive

to the treatment of migrants and adjustments to control for imbalances of some characteristics at baseline, and (4)

that there are no statistically significant differences by gender.

D.2 Pooling of Stimulation/Supplementation arms

We estimate the treatment effect of stimulation on log earnings separately for the pure stimulation intervention

and for the combined stimulation/supplemental arm by comparing the pure stimulation group to the pure control

group and the the combined stimulation/supplementation arm to the pure supplementation arm using the methods

described in Section C. These comparisons ensure that in each case the only difference between the treatment and

comparison groups is the stimulation intervention.

We present these results in Tables S.8–S.9. Results for different earnings indicators are reported in panels

A–D. Columns are associated with different job types. Within each panel we first report the results from com-

paring the stimulation group to the control group and then, just below, the results from comparing the combined

stimulation/supplementation group to the supplementation group. Finally, the last row in each panel presents the
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two-sided p-values for the permutation test of equality of treatment effects estimated with just the pure stimulation

group and estimated with the combined stimulation/supplementation group. The estimated effect sizes of the two

approaches are close to one another in 20 out of 22 cases and positive in all cases. Despite the small sample sizes,

10 estimates are significantly different from zero and the combined rank mean test is statistically significant in

5 out of the 8 cases. However, the stimulation arm of the intervention shows strong results. It does not matter

if we compare stimulation with no treatment or stimulation/suplementation with supplementation only. In both

comparisons we examine a group that has stimulation with a group that does not have the stimulation. In both

cases it shows strong effects of the stimulation treatment. There is weak evidence that nutrition plus stimulation

is more effective for many outcomes than stimulation alone. Finally, in all cases we cannot reject the hypothesis

that the estimated treatment effect using the stimulation group is equal to the estimated treatment effect using the

combined stimulation/supplementation group.

D.3 The Effect of Nutritional Supplementation on Log-earnings

We estimate the treatment effect of supplementation on log earnings separately for the pure supplementation in-

tervention and for the combined stimulation/supplemental intervention by comparing the pure supplementation

group to the pure control group and the combined stimulation/supplementation to the pure stimulation group

(Tables S.10–S.11). These comparisons ensure that in each case the only difference between the treatment and

comparison groups is the supplementation intervention.

Our analysis is presented in Tables S.10–S.11. Results for different earnings indicators are reported in panels

A–D. Columns are associated with different job types. The estimated effect sizes of the two approaches are in

general close to one another and slightly negative. None of the 22 estimated effects are statistically significant nor

are any of the 8 combined rank mean tests (see SOM section C for a description of this statistic). In all cases

we cannot reject the hypothesis that the estimated treatment effect using the supplementation group is equal to the

estimated treatment effect using the combined stimulation/supplementation group.

We also estimate the effect of supplementation on log earnings by comparing the the pooled supplementa-

tion and combined supplementation/stimulation groups to the pooled stimulation and control groups (Table S.12).

None of the estimated effects are significantly different from zero as indicated by the p-values for the individual

coefficient estimates and for the combined rank mean tests.
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D.4 Adjustments for Migration and Baseline Imbalance

The first 2 tables are used to examine whether the results are sensitive to adjustments for migrants and baseline

imbalances in a few characteristics. Specifically, Table S.14 presents the estimated treatment effects excluding all

migrants from the sample and Table S.15 presents the estimated treatment effects including migrant but not using

IPW weights to correct for baseline imbalance. In both cases, the estimated coefficients remain very close the

estimates in Table 1 in terms of both magnitude and statistical significance.

D.5 Catchup and Migrants

We examine how sensible are our catchup results regarding the subset of stunted migrants. As a robustness check,

we re-estimate the catchup model excluding the migrants in Table S.16. We find results are comparable to Table 2

in terms of significance and magnitude.

D.6 Gender Comparison

We also examine the treatment effects of the stimulation arm of the Jamaican intervention separately by gender.

We estimated the treatment effects separately by gender (Table S.17) in order to assess whether there are gender

differences of the type that have been found in U.S. (21). While the estimated effects on earnings are higher for

males, tests for equality cannot reject the hypothesis that the impact on earnings is equal for males and females.

These results should be considered with caution as the study was neither designed nor powered to assess impact

separately by gender. While the estimated effects on earnings are higher for males, tests for equality cannot reject

the hypothesis that the impact on earnings is equal for males and females.
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Table S.8: Treatment Effects of the Stimulation Arms on Log Earnings at Age 22 (Part I)

Job Type All Job Types Full Time Job Non-Temporary Combined

Job (Rank Mean)

A. Average Stimulation v.s. No-treatment
Treatment Effect 0.36 0.30 0.41 0.12

Single p-value ( 0.03 ) ( 0.06 ) ( 0.05 ) ( 0.06 )
Stepdown p-value [ 0.06 ] [ 0.06 ] [ 0.07 ] –

Sample Size 54 52 39 54
Stimulation/Supplementation v.s. Supplementation Only

Treatment Effect 0.30 0.22 0.37 0.10
Single p-value ( 0.06 ) ( 0.11 ) ( 0.04 ) ( 0.08 )

Stepdown p-value [ 0.09 ] [ 0.11 ] [ 0.07 ] –
Sample Size 57 54 44 57

Test for Equality of Treatment Effects 0.88 0.78 0.88

B. First Job Stimulation v.s. No-treatment
Treatment Effect 0.11 0.23 0.57 0.10

Single p-value ( 0.25 ) ( 0.12 ) ( 0.02 ) ( 0.08 )
Stepdown p-value [ 0.25 ] [ 0.16 ] [ 0.04 ] –

Sample Size 54 53 39 54
Stimulation/Supplementation v.s. Supplementation Only

Treatment Effect 0.11 0.08 0.23 0.04
Single p-value ( 0.31 ) ( 0.37 ) ( 0.15 ) ( 0.33 )

Stepdown p-value [ 0.39 ] [ 0.37 ] [ 0.26 ] –
Sample Size 53 54 45 56

Test for Equality of Treatment Effects 0.89 0.56 0.27

This table reports the estimated impacts of treatment on log monthly earnings for the observed sample with imputations for the earnings of
missing migrants (9 observations imputed). Outcomes are grouped into block according to its meaning. Block (A) presents the Average
Lifetime Earning. Block (B) presents the Log Earnings of the First Job. Each block presents two sets of results. The first one compares the
Stimulation Arm with the No-treatment Arm of the Jamaican Intervention. The second set compares the Stimulation and Supplementation
Arm with the Supplementation Only Arm of the Jamaican Intervention. Columns report treatment effect estimates for the following job types:
All workers, Full Time Workers, and Full Time Non-Temporary workers. The fourth column uses a combined statistic that summarizes the
participant’s outcomes. We compute the average rank of each participant across the outcomes we examine. See SOM section C for details. The
first line of each outcome block present the treatment effect estimate conditional on gender. The second line presents the one-sided p-value for
the block permutation test of the null hypothesis of no treatment effect (single p-value, in parenthesis). The third line presents the stepdown
p-value (in brackets) associated with the multiple hypotheses testing of no treatment effects. Permutation blocks are based on the conditioning
variables used in the treatment effect regressions. Last line of each outcome block presents the double-sided permutation p-value for the test of
equality of treatment effects between the groups defined in each panel.
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Table S.9: Treatment Effects of the Stimulation Arms on Log Earnings at Age 22 (Part II)

Job Type All Job Types Full Time Job Non-Temporary Combined

Job (Rank Mean)

C. Last Job Stimulation v.s. No-treatment
Treatment Effect 0.22 0.30 0.38 0.10

Single p-value ( 0.22 ) ( 0.06 ) ( 0.06 ) ( 0.11 )
Stepdown p-value [ 0.22 ] [ 0.09 ] [ 0.12 ] –

Sample Size 54 53 39 54
Stimulation/Supplementation v.s. Supplementation Only

Treatment Effect 0.26 0.38 0.46 0.11
Single p-value ( 0.12 ) ( 0.03 ) ( 0.01 ( 0.06

Stepdown p-value [ 0.12 ] [ 0.04 ] [ 0.02 –
Sample Size 58 55 45 58

Test for Equality of Treatment Effects 0.90 0.73 0.77

D. Current Job Stimulation v.s. No-treatment
Treatment Effect 0.15 0.37 – 0.03

Single p-value ( 0.32 ) ( 0.11 ) – ( 0.38 )
Stepdown p-value [ 0.32 ] [ 0.15 ] – –

Sample Size 37 32 – 37
Stimulation/Supplementation v.s. Supplementation Only

Treatment Effect 0.20 0.37 – 0.14
Single p-value ( 0.22 ) ( 0.05 ) – ( 0.05 )

Stepdown p-value [ 0.22 ] [ 0.09 ] – –
Sample Size 46 39 – 46

Test for Equality of Treatment Effects 0.91 0.96

This table reports the estimated impacts of treatment on log monthly earnings for the observed sample with imputations for the earnings of
missing migrants (9 observations imputed). Outcomes are grouped into block according to its meaning. Block (C) presents the Log Earnings
of the Last Job. Block (D) presents the Log Earnings of the Current Job. Each block presents two sets of results. The first one compares the
Stimulation Arm with the No-treatment Arm of the Jamaican Intervention. The second set compares the Stimulation and Supplementation
Arm with the Supplementation Only Arm of the Jamaican Intervention. Columns report treatment effect estimates for the following job types:
All workers, Full Time Workers, and Full Time Non-Temporary workers. The fourth column uses a combined statistic that summarizes the
participant’s outcomes. We compute the average rank of each participant across the outcomes we examine. See SOM section C for details.
The first line of each outcome block present the treatment effect estimate conditional on gender. Estimates are not reported for the current job
for non-temporary workers because the non-missing sample size is less than 40% of the total sample. The second line presents the one-sided
p-value for the block permutation test of the null hypothesis of no treatment effect (single p-value, in parenthesis). The third line presents the
stepdown p-value (in brackets) associated with the multiple hypotheses testing of no treatment effects. Permutation blocks are based on the
conditioning variables used in the treatment effect regressions. Last line of each outcome block presents the double-sided permutation p-value
for the test of equality of treatment effects between the groups defined in each panel.
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Table S.10: Treatment Effects of the Supplementation Arms on Log Earnings at Age 22 (Part I)

Job Type All Job Types Full Time Job Non-Temporary Combined

Job (Rank Mean)

A. Average Supplementation v.s. No-treatment
Treatment Effect -0.12 -0.11 -0.05 -0.06

Single p-value 0.73 0.71 0.59 0.78
Stepdown p-value 0.73 0.78 0.70 –

Sample Size 55 54 43 55
Stimulation/Supplementation v.s. Stimulation Only

Treatment Effect -0.17 -0.18 -0.10 -0.07
Single p-value 0.83 0.84 0.67 0.81

Stepdown p-value 0.90 0.84 0.82 –
Sample Size 56 52 40 56

Test for Equality of Treatment Effects 0.64 0.89 0.78

B. First Job Supplementation v.s. No-treatment
Treatment Effect -0.11 -0.11 0.07 -0.04

Single p-value 0.71 0.70 0.37 0.68
Stepdown p-value 0.71 0.77 0.50 –

Sample Size 54 56 44 56
Stimulation/Supplementation v.s. Stimulation Only

Treatment Effect -0.11 -0.26 -0.27 -0.10
Single p-value 0.79 0.91 0.89 0.94

Stepdown p-value 0.93 0.91 0.96 –
Sample Size 53 51 40 54

Test for Equality of Treatment Effects 0.69 0.97 0.61

This table reports the estimated impacts of treatment on log monthly earnings for the observed sample with imputations for the earnings of
missing migrants (9 observations imputed). Outcomes are grouped into block according to its meaning. Block (A) presents the Average
Lifetime Earning. Block (B) presents the Log Earnings of the First Job. Each block presents two sets of results. The first one compares the
Stimulation Arm with the No-treatment Arm of the Jamaican Intervention. The second set compares the Stimulation and Supplementation
Arm with the Supplementation Only Arm of the Jamaican Intervention. Columns report treatment effect estimates for the following job types:
All workers, Full Time Workers, and Full Time Non-Temporary workers. The fourth column uses a combined statistic that summarizes the
participant’s outcomes. We compute the average rank of each participant across the outcomes we examine. See SOM section C for details. The
first line of each outcome block present the treatment effect estimate conditional on gender. The second line presents the one-sided p-value for
the block permutation test of the null hypothesis of no treatment effect (single p-value, in parenthesis). The third line presents the stepdown
p-value (in brackets) associated with the multiple hypotheses testing of no treatment effects. Permutation blocks are based on the conditioning
variables used in the treatment effect regressions. Last line of each outcome block presents the double-sided permutation p-value for the test of
equality of treatment effects between the groups defined in each panel.
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Table S.11: Treatment Effects of the Supplementation Arms on Log Earnings at Age 22 (Part
II)

Job Type All Job Types Full Time Job Non-Temporary Combined

Job (Rank Mean)

C. Last Job Supplementation v.s. No-treatment
Treatment Effect -0.12 -0.18 -0.07 -0.06

Single p-value 0.68 0.82 0.64 0.78
Stepdown p-value 0.77 0.82 0.81 –

Sample Size 56 56 44 56
Stimulation/Supplementation v.s. Stimulation Only

Treatment Effect -0.08 -0.09 0.01 -0.04
Single p-value 0.61 0.68 0.49 0.67

Stepdown p-value 0.71 0.68 0.67 –
Sample Size 56 52 40 56

Test for Equality of Treatment Effects 0.46 0.35 0.46

D. Current Job Supplementation v.s. No-treatment
Treatment Effect -0.20 -0.10 – -0.13

Single p-value 0.78 0.72 – 0.92
Stepdown p-value 0.78 0.81 – –

Sample Size 38 35 – 38
Stimulation/Supplementation v.s. Stimulation Only

Treatment Effect -0.17 -0.12 – -0.03
Single p-value 0.71 0.69 – 0.64

Stepdown p-value 0.71 0.81 – –
Sample Size 45 36 – 45

Test for Equality of Treatment Effects 0.68 0.71

This table reports the estimated impacts of treatment on log monthly earnings for the observed sample with imputations for the earnings of
missing migrants (9 observations imputed). Outcomes are grouped into block according to its meaning. Block (C) presents the Log Earnings
of the Last Job. Block (D) presents the Log Earnings of the Current Job. Each block presents two sets of results. The first one compares the
Stimulation Arm with the No-treatment Arm of the Jamaican Intervention. The second set compares the Stimulation and Supplementation
Arm with the Supplementation Only Arm of the Jamaican Intervention. Columns report treatment effect estimates for the following job types:
All workers, Full Time Workers, and Full Time Non-Temporary workers. The fourth column uses a combined statistic that summarizes the
participant’s outcomes. We compute the average rank of each participant across the outcomes we examine. See SOM section C for details.
The first line of each outcome block present the treatment effect estimate conditional on gender. Estimates are not reported for the current job
for non-temporary workers because the non-missing sample size is less than 40% of the total sample. The second line presents the one-sided
p-value for the block permutation test of the null hypothesis of no treatment effect (single p-value, in parenthesis). The third line presents the
stepdown p-value (in brackets) associated with the multiple hypotheses testing of no treatment effects. Permutation blocks are based on the
conditioning variables used in the treatment effect regressions. Last line of each outcome block presents the double-sided permutation p-value
for the test of equality of treatment effects between the groups defined in each panel.
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Table S.12: Treatment Effect on Log Earnings at Age 22 (Supplementation Treatment Effect)

Job Type All Job Types Full Time Job Non-Temporary Combined
Job (Rank Mean)

A. Average
Treatment Effect -0.18 -0.18 -0.11 -0.08

Single p-value (0.84) (0.86) (0.65) (0.84)
Stepdown p-value [0.89] [0.86] [0.77] –

Sample Size 109 105 82 109
B. First Job
Treatment Effect -0.13 -0.19 -0.11 -0.08

Single p-value (0.79) (0.90) (0.87) (0.93)
Stepdown p-value [0.85] [0.90] [0.87] –

Sample Size 106 106 83 109
C. Last Job
Treatment Effect -0.11 -0.19 -0.09 -0.06

Single p-value (0.71) (0.89) (0.59) (0.83)
Stepdown p-value [0.81] [0.89] [0.78] –

Sample Size 110 107 83 110
D. Current Job
Treatment Effect -0.27 -0.25 – -0.11

Single p-value (0.88) (0.87) – (0.93)
Stepdown p-value [0.88] [0.93] – –

Sample Size 81 71 – 81

This table reports the estimated impacts of treatment on log monthly earnings for the observed sample with imputations for the earnings
of missing migrants (9 observations imputed). We examine the Supplementation Treatment Effects. For treatment group, we combine the
supplementation only and the stimulation and supplementation arms of the intervention. For control group, we combine the no-treatment and
the stimulation only arms of the Jamaican intervention. We use inverse probability weighting to control for attrition and baseline imbalance
correction. Estimates are not reported for the current job for non-temporary workers because the non-missing sample size is less than 40% of
the total sample. The treatment effects are interpreted as the differences in the means of log earnings between the stunted treatment and stunted
control groups conditional on baseline values of child age, gender, weight-for-height z-score, maternal employment, and maternal education.
Our p-values are for one-sided block permutation tests of the null hypothesis of no treatment effect (single p-value, in parenthesis) and multiple
hypotheses (stepdown p-value, in brackets) of no treatment. Permutation blocks are based on the conditioning variables used in the treatment
effect regressions. The last column uses a combined statistic that summarizes the participant’s outcomes. We perform a a single-hypothesis
inference using the average rank across variables as a test statistic. See SOM section C for details.
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Table S.13: Impact of Stimulation Treatment on Employment and Labor Force Participation at
Age 22

Currently Full time Non-Temporary Combined
Employed Job Job (Rank Mean)

Treatment Effect 0.12 0.07 0.09 0.03
Single p-value (0.09) (0.19) (0.11) (0.13)

Stepdown p-value [0.25] [0.58] [0.27] –
Sample Size 102 103 103 103

The table presents the estimated impact of treatment on labor market outcomes for the stunted experimental sample.
The treatment effects are interpreted as the differences in the means of employment outcomes between the stunted
treatment and stunted control groups conditional on baseline values of child age, gender, weight-for-height z-
score, plus maternal employment and maternal education whenever their contribution in explaining the outcome
was statistically significant at the 0.1 level. Our p-values are for one-sided block permutation tests of the null
hypothesis of no treatment effect (single p-value, in parenthesis) and multiple hypotheses (stepdown p-value, in
brackets) of no treatment. Permutation blocks are based on the conditioning variables used in the treatment effect
regressions. The last column uses a combined statistic that summarizes the participant’s outcomes. We perform
a a single-hypothesis inference using the average rank across variables as a test statistic. See SOM section C for
details.
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Table S.14: Treatment Effect on Log Earnings at Age 22 Excluding Migrants
for the Stunted Experimental Sample

Job Type All Job Types Full Time Job Non-Temporary Combined
Job (Rank Mean)

A. Average
Treatment Effect 0.28 0.20 0.36 0.09

Single p-value (0.01) (0.03) (0.02) (0.04)
Stepdown p-value [0.03] [0.03] [0.03] –

Sample Size 88 85 62 88
B. First Job
Treatment Effect 0.25 0.26 0.46 0.13

Single p-value (0.04) (0.04) (0.01) (0.02)
Stepdown p-value [0.05] [0.04] [0.02] –

Sample Size 85 86 63 88
C. Last Job
Treatment Effect 0.04 0.25 0.38 0.06

Single p-value (0.35) (0.03) (0.01) (0.11)
Stepdown p-value [0.35] [0.05] [0.04] –

Sample Size 89 87 63 89
D. Current Job
Treatment Effect 0.12 0.30 – 0.07

Single p-value (0.29) (0.05) – (0.16)
Stepdown p-value [0.29] [0.08] – –

Sample Size 83 71 – 83

The table reports the results of the analyses reported in Table 1 excluding all migrants from the sample. We correct
for attrition and imbalance of pre-program variables using the standard method of inverse probability weighting.
We replicate the analysis of Table 1 which estimates the impact of treatment on the stunted experimental sample.
The last column uses a combined statistic that summarizes the participant’s outcomes. We perform a a single-
hypothesis inference using the average rank across variables as a test statistic. See SOM section C for details.
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Table S.15: Treatment Effect on Log Earnings (No IPW Correction)

Job Type All Job Types Full Time Job Non-Temporary Combined
Job (Rank Mean)

A. Average
Treatment Effect 0.34 0.26 0.42 0.11

Single p-value (0.01) (0.02) (0.01) (0.02)
Stepdown p-value [0.01] [0.02] [0.01] –

Sample Size 111 106 83 111
B. First Job
Treatment Effect 0.19 0.25 0.45 0.10

Single p-value (0.17) (0.08) (0.02) (0.09)
Stepdown p-value [0.17] [0.11] [0.04] –

Sample Size 107 107 84 110
C. Last Job
Treatment Effect 0.23 0.33 0.45 0.10

Single p-value (0.08) (0.01) (0.00) (0.02)
Stepdown p-value [0.08] [0.01] [0.01] –

Sample Size 112 108 84 112
D. Current Job
Treatment Effect 0.21 0.37 – 0.11

Single p-value (0.14) (0.02) – (0.05)
Stepdown p-value [0.14] [0.03] – –

Sample Size 83 71 – 83

This table reports the estimated impacts of treatment on log monthly earnings for the observed sample with imputations for the earnings of
missing migrants (9 observations imputed). Estimates are not reported for the current job for non-temporary workers because the non-missing
sample size is less than 40% of the total sample. The treatment effects are estimated by linear regression and are interpreted as the differences
in the means of log earnings between the stunted treatment and stunted control groups conditional on baseline values of child age, gender,
weight-for-height z-score, maternal employment, and maternal education. Our p-values are for one-sided block permutation tests of the null
hypothesis of no treatment effect (single p-value, in parenthesis) and multiple hypotheses (stepdown p-value, in brackets) of no treatment.
Permutation blocks are based on the conditioning variables used in the treatment effect regressions. The last column uses a combined statistic
that summarizes the participant’s outcomes. We perform a a single-hypothesis inference using the average rank across variables as a test
statistic. See SOM section C for details.
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E Construction of Earnings Variables

Income data consist of participant reported salaries for each job. The employment survey is job-specific: questions

targeted each job separately. Only jobs with positive earnings are considered in our analysis.

In each job, it was asked how many months per year, weeks per months and days per week is the person

usually working in that job. Using this data, we classify a job as full time if the participant had at least 20 working

days per month. We classify the job as nontemporary and full time if the participant worked full time at least 8

months per year.

We compute total salary for each job by multiplying the total number of months worked by the monthly salary

indicated for the job being analyzed. We then divided the overall sum by the number of months worked in total.

Average earnings full time is calculated as the sum over all of the full time jobs of monthly earnings multiplied by

the number of months spent in each of those jobs , over the sum of all months spent in a full time job.

We also apply a temporal criteria for job classification. Namely, we classify jobs into first, current and last

jobs according to employment history of the participant. If two jobs ended in the same year the one yielding the

highest earnings was assumed to be the last job. Current job is equal to last job if the person is currently employed.

First job is assumed to be the earliest job that ended. If more than one job ended in that year, we define first job as

the job with longest duration.

The propensity score is the estimated probability of being in the attrited group at the 22 years old wave. It

has been calculated based on three separate models targeting the following samples: (1) stunted treatment group,

(2) stunted control group and (3) non-stunted comparison group. Each model was chosen to maximize the Akaike

information criteria. The models for the stunted treatment group and for the stunted control group include baseline

variables. The majority of the children in the non-stunted comparison group had been added at the 7-years-old

follow-up surveys. Thus, the model for the non-stunted comparison group include data from that wave, which is

the earliest complete data available.

We use a linear model to impute earning values for missing data regarding migrant workers. Imputation

targeted those migrant workers who were lost to follow-up. In the stunted group, these totals of 9 workers. The

imputation was obtained through a linear prediction based on selected set of baseline covariates.The small sample

size of the data demands a parsimonious covariate selection, which were chosen in order to maximize the Akaike

information criteria. Selected covariates are: migrant status, sex and treatment group indicator (for the stunted

group) and on migrant status and sex (for non-stunted group).
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