
Appendix
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A NFP Randomization Protocol

Pregnant women were enrolled as they visited the Medical Center during pregnancy. The randomization

protocol was sequential, that is to say that each participant was randomized according to the order of

enrollment. Pregnant women who accepted to enroll were classified in strata defined by 5 characteristics:

1. Maternal race (African American vs non-African American);

2. Maternal age (< 17, 17− 18, > 18 years );

3. Gestational age at enrollment (< 20, ≥ 20 weeks);

4. Employment status of the head of household and

5. 4 geographic regions of residence.17

Within strata, randomization was perform following the Soares and Wu (1983) method as follows:

1. If the participant had a sibling already enrolled in the program, the participant was assigned to the

same treatment status of the elder sibling.

2. Else, the participant was randomized according in to control (C) or treatment group (T). However, if the

sample size difference between treatment and control group is larger that a threshold, the participant

is deterministically assigned to the treatment status that has fewer participants.

3. Next the participant was randomized again into her final treatment status. If in step 2 the participant

was assigned to the control, she is next randomized in to:

• Group 1 : control women that received free transportation to and from their prenatal appointments

(sample size: 166).

• Group 2 : control women that received developmental screening and referral services at ages 6, 12

and 24 months in addition to the benefits of Group 1 (sample size: 514).

If she was assigned to the treatment group previously, she is next randomized into

• Group 3 : treated women that had home visits by nurses during pregnancy, one visit in the hospital

and one visit at home after childbirth in addition to the benefits of Group 2 (sample size: 230).

• Group 4 : treated women that received home visits by nurses during pregnancy until the child’s

2nd birthday in addition to the benefits of Group 2 (sample size: 228)

17The regions are: Inner City, Bisson, Cawthon and Hollywood.
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As in the previous step, if the absolute difference in group size exceed some threshold then the partic-

ipant was deterministically assigned to the group with the lowest number of participants. Otherwise,

the pregnant woman was randomly assigned.

Importantly, the randomization method incorporated a trigger mechanism that deterministically assigned

a treatment status to participants if the sequence of assignments became too imbalanced due to sampling

variation. In this context, imbalance was measured by the difference of persons assigned to T and the persons

assigned to C. In practice less than 1% of the women were assigned according to the trigger mechanism.

Thus, the NFP Memphis trial can be treated as a non-sequential protocol.

B Instruments

B.1 HOME

The Home Observation for Measurement of the Environment (HOME) was first developed in the 1960s by

Caldwell. It measures the quality and quantity of stimulation and support available to a child at home

(Bradley and Caldwell (1984)). The test is based on the child and is carried on during a visit of 45 to 90

minutes. A more in depth explanation of the HOME inventory is in Bradley and Caldwell (1984).

There are several versions of the inventory. The initial version, Infant/Toddler HOME, is for kids aged 0

to 3 years old. It consists of 45 binary-choice items grouped into 6 subscales. The Early Childhood HOME

is for kids aged 3 to 6 years old. It consists of 55 binary-choice items clustered into 8 subscales. Finally, the

Middle Childhood HOME is used for kids aged 6 to 10 years old. It consists of 59 items in 8 subscales. The

NFP uses the first version of the Inventory, the Infant/Toddler HOME.

The 45 items of the HOME inventory contain the six following subscales:

1. Emotional and Verbal Responsiveness of the Mother (11 items): measures the mother’s ability to communicate with the

child.

2. Avoidance of Restriction and Punishment (8 items): measures the mother’s ability to discipline the child.

3. Organization of the Environment (6 items): measures the daily changes in the child’s environments.

4. Provision of Appropriate Play Material (9 items): measures the types of toys and their contributions to the child’s motor

skills.

5. Maternal Involvement with Child (6 items): measures the aspects in which the mother is involved in the child’s daily

life.

6. Opportunities for Variety in Daily Stimulation (5 items): measures the levels of interaction the mother and other family

members have with the child.

42



The NFP measured the HOME Inventory when the child was 12 and 24 months old.

B.2 KABC

The Kafuman Assessment Battery for Children (KABC) was developed by Alan S. Kaufman and Nadeen L.

Kaufman in 1983 with a later revision in 2004. The KABC focuses on processes required to solve problems

compared to intelligence. The KABC contains 16 subtests (10 mental processing and 6 achievement), which

can be grouped into 3 scales. Due to the nature of the subtests, 13 subtests can be taken at once, with the

mandatory age range to be between 7 to 12.5 years old. The NFP used the following 11 subtests:

1. Sequential Processing Scale (Hand Movements, Number Recall, Word Order): measures short-term memory and problem-

solving skills. It emphasizes how children are able to follow ordered sequenced.

2. Simultaneous Processing Scale (Gestalt Closure, Triangles, Matrix Analogies, Spatial Memory, Photo Series): measures

problem-solving skills. It involves several processes at once such as scenes in a partially completed picture.

3. Achievement Scale (Arithmetic, Riddles, Reading/Decoding): measures achievement and focus on applied skills and

facts learned through the home/school environment.

The NFP Program used these three scales when the child was 6 years old.

B.3 PPVT

The Peabody Picture Vocabulary Test (PPVT) is an individual verbal intelligence test that measures re-

ceptive vocabulary, developed by Llyod M. Dunn and Leota M. Dunn in 1959. It is a verbal test that lasts

between 20 and 30 minutes. The child is presented a series of pictures. There are four pictures in a page.

The examiner states a word and asks the child to associate it with a picture. The diffusion of the figures

increases over time. The exam stops when the child answers six out of eight questions incorrectly. After

completion, a raw score is given, normalized to a mean of 100 and standard deviation of 15. The NFP

Program used PPVT when the child was 6 years old.

B.4 WISC-III

The Wechsler Intelligence Scale for Children — Third Edition (WISC-III) was created in 1949. The third

edition was published in 1991 (Wechsler, 1991). WISC is an intelligence test for children between the ages

6 and 16 years old. It can be completed without reading or writing. The exam takes between 65 and 80

minutes. There are two subscales: verbal and performance, which provide a Verbal IQ (VIQ), a Performance

IQ (PIQ), and a Full Scale IQ (FSIQ). The NFP only used the coding, part of the Processing Speed Index.
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1. Coding: the child marks rows of shapes with different lines to transcribe a digit-symbol code. It measures visual or motor

integration and visual scanning.

The NFP Program used WISC-III when the child was 6 years old.

B.5 CBCL

The Child Behavior Checklist (CBCL) is a parent-report questionnaire developed by Thomas M. Achenbach.

In it, the child is rated on several behavioral and emotional problems. The goal of the inventory is to assess

internalizing and externalizing behaviors. The responses are recorded using a Likert scale: 0 = Not True, 1

= Sometimes True, 2 = Very True. The preschool checklist (18 months to 5 years) contains 100 questions

and the school-age checklist (6 to 18 years) contains 120 questions. The preschool checklist questions can

be broken down into the following subscales: anxious/depressed, withdrawn, sleeping problems, somatic

problems, aggressive behavior, and destructive behavior. The school-age checklist questions can be broken

down into the following subscales: withdrawn, somatic complaints, anxious/depressed, social problems,

thought problems, attention problems, delinquent behavior, aggressive behavior, and other problems. The

NFP Program used the CBCL when the child was 2 and 6 years old.

B.6 C-DISC

The Computerized Diagnostic Interview Schedule for Children (C-DISC) is a comprehensive and structured

interview that studies mental health disorders such as general anxiety, panic, eating, elimination, depression,

ADHD, and conduct. The majority of the questions are “yes and no”. Some questions have additional

options such as “sometimes”. The C-DISC has about 3, 000 questions with 358 core questions that the child

must answer. About 1300 questions are asked depending on the answer to the core questions. There are 732

questions that ask about age of onset and treatment for reported symptoms. Lastly, there are about 700

questions from the optional whole-life module. The NFP Program used C-DISC when the child was 9 years

old.

B.7 MacArthur

The MacArthur Story Stem Battery (MSSB) was created by the MacArthur Narrative Working Group that

included Bretherton, Buchsbaum, and several other collaborators. The story stem method is where the

examiner presents a story to the child that culminates at a high point, at which the child is then asked

to complete the story; this type of method allows insight into the child’s inner workings of the mind. The
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MSSB uses 15 stories and measures: dysregulated aggression, empathy/warmth, emotional integration, and

performance anxiety.

1. Dysregulated Aggression Dimension: aggression, injury, danger, destruction, dishonesty, escalation of conflict, negative

story endings, inappropriate child power, controlling toward examiner.

2. Empathy/Warmth Dimension: empathy-helping, affiliation, affection, reparation or guilt, parental warmth.

3. Emotional Integration Construct: ability to maintain story coherence with the inclusion of emotional expression. The

affects included are joy, anger, distress, concern, sadness.

4. Avoidance or Withdrawal Dimension: characters leaving the scene repetition of previous story fragments, denial of

central conflict or challenge, family characters leave, avoiding separation from parents, dissociative behaviors.

5. Performance Anxiety Dimension: unwillingness to verbalize, unresponsiveness to examiner, anxious behaviors.

The NFP Program used the MSSB when the child was 6 years old.

C Method for Permutation-based Inference

As mentioned, the standard model of program evaluation describes the observed outcome Yi of participant

i ∈ J by

Yi = DiYi,1 + (1−Di)Yi,0, (15)

where J = {1, . . . , N} denotes the sample space indexing set, Di denotes the treatment assignment for

participant i ∈ J, (Di = 1 if treatment occurs, Di = 0 otherwise) and (Yi,0, Yi,1) are potential outcomes for

participant i when treatment is fixed at control and treatment status respectively.

Randomized experiments solve potential problems of selection bias by inducing independence between

counterfactual outcomes (Yi,0, Yi,1) and treatment status Di when conditioned on the pre-program variables

X used in the randomization protocol. All variables are defined in the common probability space (Ω,F ,P).

In our notation, a randomized experiment must satisfy the following assumption:

Assumption A-1. Y (d) ⊥⊥ D | X; d ∈ supp(D),

where variables X = (Xi; i ∈ J), D = (Di; i ∈ J) are N -dimensional vectors of treatment assignments

and pre-program variables, and Y (d) = (Yi,di ; i ∈ J, di ∈ {0, 1}) and d ∈ supp(D) = {0, 1}|J| denotes the

vector of counterfactual outcomes. In the same fashion, we represent the vector of observed outcomes of

Equation (15) by Y = (Yi; i ∈ I). The no treatment hypothesis is equivalent to the statement that the

conditional counterfactual outcome vectors share the same distribution:
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Hypothesis H-1. Y (d)
d
= Y (d′) | X ; d,d′ ∈ supp(D),

Hypothesis H-1 can be restated in more tractable form:

Hypothesis H-1′. Under Assumption A-1 and Hypothesis H-1, we have that Y ⊥⊥ D | X.

Testing Hypothesis H-1′ poses some statistical challenges. First, small sample sizes cast doubt on

inference that rely on the asymptotic behavior of test statistics. We address the problem of small sample size

by generating the exact of a test statistic conditioned on data. Second, the presence of multiple outcomes

allows for the arbitrary selection of statistically significant outcomes. The selectively reporting statistically

significant outcomes is often termed cherry picking and generates a downward biased inference with smaller

p-values. We solve the problem of cherry picking by implementing a multiple-hypothesis testing based on

the stepdown procedure of (Romano and Wolf, 2005a). They explain that the stepdown procedure strongly

controls for Family-wise error rate (FWER), while classical tests do not. Also, Romano and Wolf (2005a)

shows that the strong FWER control can be obtained by ensuring a certain monotonicity condition on the

test statistics. This requirement is weaker than the assumption of subset pivotality, used in various methods

of resampling outcomes presented in Westfall and Young (1993).

In summary, our method is based on three steps. First, we seek to characterise the exact conditional

distribution of D|X. Specifically we characterize the a multiset Dx(d), defined by:

Dx(d) = {d′ ∈ {0, 1}|J| ; P(D = d|X = x) = P(D = d′|X = x)},

such that the distribution of D conditioned on realised data is uniform among elements of Dx(d). Next we

use the assumption of null hypothesis of no treatment effects, i.e. H0 : Y ⊥⊥ D|X, to generate the exact

conditional distribution of a test statistic T (Y,D)|X. Upon it, we can construct an inference that controls

for the probability of falsely rejecting the null hypothesis. We control for this probability in two ways: (1) in

the case of single (joint) null hypothesis, we control for the standard Type-I error; (2) in the case of multiple

hypothesis inference, we control for the Family-wise error rate.

More notation is necessary to describe the method. Let K represent the indexing set for all available

outcomes Yk; k ∈ K. We represent the single (joint) null hypothesis that a set L ⊂ K of outcomes Yk; k ∈ L

are jointly independent of treatment status D conditional on pre-program variables X by

HL : YL ⊥⊥ D|X, where YL = (Yk : k ∈ L). (16)

When L is a singleton, say L = {k}, then the null hypothesis is given by H{k} : Yk ⊥⊥ D|X. In this notation,

we can write the joint Hypothesis HL as HL = ∩k∈LH{k}.
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Our goal is to tests a single (joint) null hypothesis controlling for the probability of a Type I error at

level α, that is, P( reject HL|HL is true ) ≤ α. To do so, we rely on the fact that, under Hypothesis (16),

(YL, D)|X d
= (YL, gD)|X ∀ g ∈ GX , (17)

where GX comprises all the permutations within strata of X, that is,

GX = {g ; g : J → J is a bijection and g(j) = j′ ⇒ (Xj) = (Xj′)},

and gD is a vector defined by:

gD = (D̃i ∈ supp(D); i ∈ J and D̃i = Dg(i)).

We use Relation (17) to generate a statistical test whose exact distribution the test statistic TL(YL, gD) is

obtained by re-evaluating TL(YL, gD) as g varies in GX . Note that the inference on Hypothesis 16 is depend

on the choice of statistics. That is to say that even though any statistics TL(YL, D) whose value provide

evidence against the null hypothesis can be used, the inference is dependent on this choice of statistic. An

example of such statistic is the maximum of the t-statistic associated with the difference in means between

treated and control groups over outcomes Yk such that k ∈ L. Formally,

TL(YL, D) = max
k∈L

Tk(Yk, D), (18)

where Tk(Yk, D) is the t-statistics for outcome Yk. Relation (17) implies that TL(YL, D)|X d
= TL(YL, gD)|X

for any g ∈ GX . Moreover, let d ∈ {0, 1}|J| such that P(D = d|X = x) > 0, then the distribution of D

conditioned on X = x is uniform across elements of Dx(d) (see Lehmann and Romano (2005), Chapter 15).

Thus, a critical value cL,x(YL,d, α) such that P(TL(YL, D) > cL,x(YL,d, α)|X = x,HL is true) ≤ α can be

computed as:

cL,x(YL,d, α) = inf
t∈R

 ∑
d′∈Dx(d)

I{TL(YL,d
′) ≤ t} ≥ (1− α)|Dx|

 ,

where I{·} is the indicator function. The following notation is useful to further characterize cL,x(YL,d, α).

Let T
(1)
L,x, . . . , T

(|Dx(d)|)
L,x be the sequence of increasing ordered statistics TL(YL,d

′) as d′ varies in Dx(d). In

this notation we can write the critical value as

cL,x(YL,d, α) = T
(d(1−α)|Dx|e)
L,x (19)
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where dae stands for the smallest integer bigger or equal than a.

Under the null hypothesis HL, the probability of a test statistic be bigger or equal than the statistic

TL(YL,d) actually observed, i.e. the p-value, is given by:

pL,x(d) = inf
α∈[0,1]

{
cL,x(YL,d, α) ≤ TL(YL,d)

}
. (20)

Now let rL,x ∈ {1, . . . , |Dx(d)|} be the lowest rank that the value of the observed test statistic TL(YL,d)

takes in the sequence T
(1)
L,x, . . . , T

(|Dx(d)|)
L,x , that is to say:

rL,x = 1 +
∑

d′∈Dx(d)

I{TL(YL,d
′) < TL(YL, d)}.

Thus:

T
(rL,x)
L,x = TL(YL,d). (21)

Then, by the ordered property of T
(r)
L,x; r ∈ {1, . . . , |Dx(d)|} and the definition of rL,x, we have that:

pL,x(d) = 1− rL,x
|Dx(d)|

. (22)

Moreover, p-value pL,x(d) complies with the following property:

P(pL,x(d) ≤ φ|X = x) ≤ φ ∀φ ∈ [0, 1].

We implemented a inference method that tests for the multiple null hypothesis that each outcome Yk; k ∈

L is independent of treatment status D conditional on pre-program variables X. The representation of these

multiple hypothesis in the same fashion as the single (joint) null hypothesis, namely:

HL = ∩k∈LH{k} ; H{k} : Yk ⊥⊥ D|(Z,U).

The multiple hypothesis testing differs from the single (joint) hypothesis testing in the way it controls for

the probability of false rejection. Specifically, let the subset L0 be the set of true Hypothesis H{k} such that

k ∈ L0 ⊂ L. Our multiple hypothesis testing controls for the familywise error rate (FWER), that is, the

probability of even one false rejection among the set of true hypothesis L0. Formally, we control for:

P( reject at least one H{k}; k ∈ L0|HL0
is true ) ≤ α,
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while single (joint) hypothesis testing controls for P( reject HL|HL is true ) ≤ α.

Bonferroni or Holm are examples of inference methods that test multiple hypothesis controlling for

FWER. These methods rely upon a “least favorable” dependence structure among the p-values. The step-

down procedure of Romano and Wolf (2005a) is less conservative as it accounts for the information about

the dependence structure of p-values. The method is based on the monotonicity assumption, which, in our

case, can be stated as:

cK,x(YK ,d, α) ≥ c
L0
,x(YL0 ,d, α) for any subset K of L containing L0 i.e. L0 ⊂ K ⊂ L. (23)

Assumption (23) is satisfied by our choice of test statistic (18) and the fact that L0 ⊂ K.

The stepdown procedure given in Romano and Wolf (2005a) is a stepwise method summarized in the

following algorithm:

Algorithm 1.

Step 1: Set L1 = L. If

max
k∈L1

Tk(Yk,d) ≤ cL,x(YL1 ,d, α) , (24)

then stop and reject no null hypotheses; otherwise, reject any H{k} with

Tk(Yk,d) > cL,x(YL1
,d, α)

and go to Step 2.

...

Step j: Let Lj denote the indices of remaining null hypotheses. If

max
k∈Lj

Tk(Yk,d) ≤ cL,x(YLj ,d, α), (25)

then stop and reject no further null hypotheses; otherwise, reject any H{k} with

Tk(Yk,d) > cL,x(YLj ,d, α)

and go to Step j + 1.

...
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We can compute the multiplicity-adjusted p-values of Equations(24)–(25) in the same fashion described

by Equations (20)–(22).

C.1 Conditioning and Linearity

A typical problem in small sample randomized trials is sampling variation, where pre-program variables differ

across treatment groups by chance. One can increase the power of a statistical inference by conditioning on

those pre-program variables. Let Z be the pre-program variables that were not used in the randomization

protocol and we ought to control for.

Variables Z precede the treatment intervention and therefore Z ⊥⊥ D | X holds due to randomization.

Under the hypothesis of no-treatment, Y ⊥⊥ D | X also holds. These two relations imply that Y ⊥⊥

D | (X,Z). Likewise Section 4.1, we can use this relation to to generate a permutation test that consider

the strata formed by values of covariates X and Z. This way we can generates an inference method that

non-parametrically condition on variables X and Z.

Non-parametric conditioning through block permutation comes at a cost. A fine conditioning set decreases

the share of available data that can be permuted and a sufficiently large conditioning set prohibits the

implementation of a permutation-based test. We solve this problem by evoking linearity. That is to say, we

condition variables through a linear regression instead of a non-parametric block permutation. Anderson and

Legendre (1999) tested a range of permutation methods for linear models. They found that Freedman and

Lane (1983) generated the most consistent and reliable results among the available models in this literature.

We non-parametrically condition on variables used in the randomization protocol to achieve valid ex-

changeable properties (i.e. we use permutations in GX); We linearly condition on additional pre-program

variables Z not used in the randomization protocol. According to Freedman and Lane (1983) method,

our approach can be summarized by the following steps: (1) compute the residuals Y − Zβ̂ such that

β̂ = (Z ′Z)−1Z ′Y ; (2) permute these residuals according to permutations g ∈ GX . (3) add these permuted

residuals to Zβ̂, call it Ỹ ; (4) regress Ỹ on Z and the treatment statuses D. (5) we then use the t-statistic

associated with covariate D of the last regression as test statistic.

As mentioned, Beaton (1978) and Freedman and Lane (1983) suggested a permutation inference based

on Shuffle Residuals. Buy this I mean regressing Y on X, shuffling the residuals from this regression, and

adding them to the predicted Y, say Ŷ , to form a new variable, say Ỹ , which is then regressed on Z and D.

Formally, let the regression:

Y = Zβ +Dδ + ε,

where Z stands for the pre-program variables we wish to control for and includes a vector of elements ones
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that play the role of a contant term for the regression. Error term ε is a mean-zero exogenous random

variable independent of Z and D.

Now let Bg; g ∈ GX be a permutation matrix associated with a permutation g in GX . Let also the operator

that projects a vector in the orthogonal space generated by columns of Z be MZ = I−Z(Z ′Z)−1Z ′, where I

denotes the identity matrix. As properties of Matrix MZ , we can say that MZ is symmetric and idempotent,

that is:

MZ = M ′Z = MZMZ = M ′ZMZ . (26)

The estimated residuals of Y generated by the the regression

Y = Zβ + ε

is given by ê = MZY. The predicted outcome based on this regression is given by: Ŷ = Z(Z ′Z)−1X ′Y.

We define the new outcome based on the sum of the predicted outcome Ŷ with permuted errors ê

according to permutation g ∈ GX as

Ỹ = Ŷ +Bg ê. (27)

We then use the newly computed outcome in the following regression:

Ỹ = Zβ +Dδ + ε̃. (28)

We now examine the δ estimate on Equation (28). This estimate ia actually the same as the one computed

by the following regression:

MZ Ỹ = MZDδ + ε̃. (29)

Thus. by applying the Ordinary Least Square formula, we obtain:

δ̂g = (D′M ′ZMZD)−1D′M ′ZMZ Ỹ . (30)
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We now use previous equations to transform Equation (30) into a more general formula:

δ̂g = (D′M ′ZMZD)−1D′M ′ZMZ Ỹ by (30),

= (D′MZDMZD
′MZ Ỹ by (26),

= (D′MZDMZD
′MZ(Y +Bg ê) by (27) ,

= (D′MZDMZD
′MZ((I −MZ)Y +Bg ê) because MZ = I − Z(Z ′Z)−1Z ′,

= (D′MZDMZD
′((MZ −MZ)Y +MZBg ê),

= (D′MZDMZD
′(MZBg ê),

= (D′MZDMZD
′(MZBgMZY ) because ê = MZY . (31)

Kennedy (1995) pointed out that Freedman and Lane (1983) algorithm is summarized by Equation 31.

Notationally, we can use TZ(Y, gD); g ∈ GX (instead of T (Y, gD); g ∈ GX) to represent the distribution of

the test statistic associated with the t-statsitic of the D covariate in the Freedman and Lane (1983) regression

just described. Using this notation, the analysis of the previous sections holds unaltered.

D Additional Baseline Tables

These tables explore differences in pre-program variables between treatment and control groups at each

follow up wave. These results are presented in order to highlight that there were no differential patterns of

attrition across waves.
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E Additional Inference Results: Addressing Attrition using In-

verse Propensity Weights

One aspect of the NFP that may cause concern is attrition. In order to address this we proceed as follows. We

estimate by OLS a linear regression model which dependent variable is binary and equal to one if the mother

represents an attrition case. We choose the model as to maximize the R2 and incorporate pre-program

variables with very few missing values. This permits us to establish the set of variables that provides the

maximum amount of information when it comes to estimate the probability of attrition. Then, we predict

the probability of attrition through a Logit model and apply an inverse probability weighting scheme to our

estimations. The results do not change much after this correction. Tables E.4–10 show these results. The

tables can be read in the same way as Tables 7–10 in the paper.
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F Theoretical Framework for Mediation Analysis

This section develops a theoretical framework that helps to interpret the estimates of a standard mediation

model for early childhood interventions. Our model is based on a technology of skill formation according

to (Cunha and Heckman, 2007b). In it, later skills build on previous ones to generate human capital.

Notationally, let θi,t be the vector of skills during childhood for individual i at period t and t ∈ {0, 1, . . . , T},

where T is the number of periods of childhood. Let Ii,t represent investments at the same period. We use

Xi for family background characteristics and υi,t for an exogenous error term independent of θi,t, Ii,t and

Xi. The structural equation that governs the evolution of skills is given by:

θi,t+1 = qt+1(θi,t, Ii,t+1, Xi, υi,t+1); t ∈ {0, 1, . . . , T − 1}. (32)

By structural equation, we mean autonomous functions in the language of Frisch (1938), i.e. deterministic

functions whose functional form do not change as its arguments vary. We also allow for skills to affect

investments, that is:

Ii,t+1 = ht+1(θi,t, Xi, εi,t+1); t ∈ {0, 1, . . . , T − 1}, (33)

where εi,t+1 is an exogenous error term independent of θi,t and Xi. Our model is completed by the following

structural outcome equation at period T :

Yi = gT (θi,T , Xi, ξi,T ). (34)

where ξi,T is an exogenous error term independent of θi,T and Xi.

We can use a recursive substitution of investments and skills of Equations (32)–(33) into (34) to generate

the following equation:

Yi = ft′(θi,t′ , Xi, {υi,t̃}Tt̃=t′ , {εi,t̃}
T
t̃=t′ , ξi,T ), (35)

where {υi,t̃}Tt̃=t′ = {υi,t′ , υi,t′+1, . . . , υi,T } and {εi,t̃}Tt̃=t′ = {εi,t′ , εi,t′+1, . . . , εi,T }.

Suppose that an intervention occurs at period t′ where t′ ∈ {1, . . . , T}. Let Di ∈ {0, 1} be the treatment

indicator of this intervention which takes value 1 if participant i is treated and 0 otherwise. The intervention

enters our technology of skill formation model as a form of skill investment. Thus we append the investment

Equation (33) at period t′ by:

Ii,t′ = ht′(θi,t′−1, Di, Xi, εi,t′); for some t′ ∈ {0, 1, . . . , T − 1}, (36)
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The counterfactual values investment Ii,t′ are defined by the value Ii,t′ takes when the intervention Di is

fixed at a level d ∈ {0, 1}. By fixing, I mean the causal operation defined in Haavelmo (1944) where Di is

set to d ∈ {0, 1} as argument in the structural equation (36). That is:

Ii,t′,d = ht′(θi,t′−1, d,Xi, εi,t′); d ∈ {0, 1} for some t′ ∈ {0, 1, . . . , T − 1}. (37)

Let the counterfactual skills be defined in a symmetric fashion by:

θi,t′,d = qt′(θi,t′−1, Ii,t′,d, Xi, υi,t′).

We also define the counterfactual skills and investments for periods t > t′ by:

Ii,t+1,d = ht+1(θi,t,d, Xi, εi,t+1), and

θi,t+1,d = qt+1(θi,t,d, Ii,t+1,d, Xi, υi,t+1); t > t′.

We can also define the counterfactual outcomes by:

Yi,d = ft′(θi,t′,d, Xi, {εi,t̃}Tt̃=t′ , {εi,t̃}
T
t̃=t′ , ξi,T ), (38)

If the intervention assignment uses the method of randomization, then we have that:

(Yi,d,θi,t′,d) ⊥⊥ Di|Xi; d ∈ {0, 1}.

We can also write the realized values of skills and outcomes as:

Yi = Yi,1Di + Yi,0(1−Di), and

θi,t = θi,t,1Di + θi,t,0(1−Di); t ≥ t′.

We now cast on Equation (38) to generate a tractable equation to examine mediation effects. Note that

Equation (38) holds ont onlt for t′ but for any t ≥ t′.

Yi,d = ft(θi,t,d, Xi, {υi,t̃}Tt̃=t, {εi,t̃}
T
t̃=t, ξi,T ), for any t ∈ {t′, t′ + 1, . . . , T}. (39)

Error terms ({υi,t̃}Tt̃=t, {εi,t̃}
T
t̃=t
, ξi,T ) are independent of θi,t,d and Xi. For sake of notational simplicity, we
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can substitute those error terms by ζt without loss of generality. Equation (39) then becomes:

Yi,d = ft(θi,t,d, Xi, ζi,t). (40)

We achieve a linear form of Equation (40) by approximating it through a Maclaurin expansion. This generates

the following equation:

Yi,d = κt +αt,dθi,t,d + βt,dXi + εi,t,d, d ∈ {0, 1}. (41)

where εt,d accounts for the approximation error. Equations (40)–(41) are used in our mediation analysis in

Section 5.

G Mediation Methodology

G.1 Three Step Procedure

This part of the appendix explains in detail the three step procedure that we use in order to decompose the

NFP treatment effects. As highlighted in the paper, we perform two sets of analysis. First, we study if the

treatment effects on child skills at age 6 were mediated by program enhancement of birth weight, parenting

attitudes and investments, and maternal socio-emotional skills at age 2. Second, we study if the program

impact on outcomes at age 12 was mediated by the NFP enhancement of skills at age 6. The results from

these analysis shed light on the complementarity of investments and skills in explaining the NFP treatment

effects.

Step One The idea is to develop a measurement system that links the observed items and the latent

skills. In order to do that, we assume that our measurements are dedicated. This means that each observed

measurement is linked to a unique skill. Specifically, let Mj be the index set of measures associated with

trait j, where j ∈ J = {P,C, SE}. P,C, SE denote, respectively, parenting skills, child cognitive skills, and

child socio-emotional abilities.18 Thus, our linear measurement system looks as follows:19

M j
mj ,d = νjmj + ϕjmjθ

j
d + ηjmj ,d, (42)

where νjmj is the intercept term and ϕjmj represents the loading factor of trait j. We cannot reject the

null hypothesis that the intercepts and loading factors depend on treatment status. ηmj ,d is a mean zero

18This follows the same notation as Heckman et al. (2013)
19We control for pre-program variables X but we keep it implicit to shorten notation.
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idiosyncratic error term which, by assumption, is independent of θjd ∀j ∈ J . We normalize the loading factor

associated with the first measure of each factor to 1 to set a scale, otherwise the scale is arbitrary.20 Finally,

we allow for factor correlation.

The parameters that identify the measurement system are the factor means, the factor covariances, the

intercepts, the factor loadings, and the variances of the error terms: E[θj(d)] = µjd, V ar[θd] = Σθd , νjmj ,

ϕjmj , V ar[η
j
mj ]). Heckman et al. (2013) show that the existence of at least three measures for each latent

skill guarantees identification.21 Broadly, means, variances, and covariances across the measures identify the

parameters of the system.

We estimate the parameters of the measurement system that links skills with measures both at ages 2

and 6. Variables become potential mediators if we estimate an effect of the NFP on it, so that they are

potential meaningful channels. For age 2, non-abusive parenting attitudes are approximated by the Adult-

Adolescent Parenting Inventory (Bavolek), which comprises 32 items, and home investments are measured

by the Bradley and Caldwell Home Observation for measurement of the Environment (HOME) inventory,

which is composed by 45 items.

The maternal skills selected correspond to anxiety, assessed by the Rand Mental Health Inventory, self-

esteem, measured by the Rosemberg scale, and mastery, approximated by the Pearlin scale. Similarly, for age

6, we select as plausible mediators children’s skills influenced by the NFP. Children cognition is measured by

8 subtests from the K-ABC mental processing composite. For children’s socio-emotional skills, we identify

as potential mediators the treatment reduction in conduct, attention and aggression problems, as well as

the enhancement of children’s pro-social skills. Attention and conduct problems are approximated by items

from the Child Behavior Checklist. Pro-social skills (warmth or empathy) and aggression problems are

approximated by items from the MacArthur Story Stem Battery. Section B of the Appendix explains in

more detail these tests, as well as the instruments they use.

We estimate the parameters of the measurement system by maximum likelihood. In order to do this, we

assume that the latent skills and the error terms, , θj , ηjmj , are normal and i.i.d. We use full-information

maximum likelihood to deal with the missing values in the measures for some individuals. Recent work by

citation shows that FIML yields unbiased estimates that are more efficient than ad hoc methods like list-wise

and pair-wise deletion, which work under the implicit assumption of random missing data.22

For the case of the measurement system at age 2, we have 146 items. Although it is ideal to estimate

the complete set of items (skills) jointly, it is not feasible. Thus, we estimate them in two blocks: one for

20Given that the first measure sets the scale, we choose it to be the most correlated with the skill. The results are robust to
alterations of this.

21 Carneiro et al. (2003) and Cunha et al. (2010) also discuss identification of factor models.
22Missing at random means that the probability of missing data in a variable x can depend on other observed variables but

not on the values of x itself
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parenting and home investments and other for maternal characteristics. This allows us to account for the

correlation between the skills that are in the same block. For the case of the measurement system at age 6,

the set of items is smaller and we do a joint estimation.

Step Two In the second step we use the parameter estimates from the first step to construct factor

scores for each children. The objective of this is to construct approximations for the latent skills. The two

most common linear scoring methods are the regression method (Bartlett, 1937; Thomson, 1934) and the

Bartlett method, which resembles GLS. We use the Bartlett (1937) method because it estimates unbiased

approximations of the unobserved skills. Actually, this guarantees that the difference in means between the

factor scores for children in the treatment and the control groups equals the difference in means in the true

scores. The derivation of the Bartlett estimator begins with the measurement system summarized as:

Mi︸︷︷︸
|M|×1

= ϕ︸︷︷︸
|M|×|J |

θi︸︷︷︸
|J |×1

+ ηi︸︷︷︸
|M|×1

where the dimension of each term is below the braces (recall that J and M are the indexing sets for skills

and measures respectively). Assume that the (θi,ηi), i ∈ {1, . . . , I}, are independent across i. For simplicity,

we assume that they are i.i.d.23 Let Cov(Mi,Mi) = Σ, Cov(θi,θi) = Φ and Cov(ηi,ηi) = Ω. The linear

relation between the factor scores and the measures is the following:

θS,i = L′Mi (43)

In order to obtain unbiased estimates, Barlett imposes the restriction that L′ϕ = I|J |. The Bartlett

estimator for the vector of approximated skills (θi) is:

θS,i = (ϕ̂′Ω̂−1ϕ̂)−1ϕ̂′Ω̂−1Mi, (44)

where the matrix of loading factors, ϕ̂, and Ω̂ = Cov(ηi,ηi) are both estimated in the first step. Bartlett’s

estimator is a Generalized Least Squares, GLS, procedure where measures are used as dependent variables

and loading factors are treated as regressors. By the Gauss-Markov theorem, the Bartlett GLS estimator is

optimal and hence leads to the best linear unbiased predictor (BLUE).

There are individuals that have missing data in some of the items that compose the measurement system.

In order to take advantage of the information that they have (instead of list-wise delete them), we predict

factor scores for them. We use the covariance between the measures and the factors from the sample with

23This is not strictly required but simplifies the notation.
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complete measurement system to predict scores for these people. Additionally, for the cases were individuals

are missing a factor score because they did not have any item in that measurement system, we impute factor

scores with the regression method.24 This procedure recovers around 10% of the randomized sample.

Step 3 In this step, we use factor scores as approximations of the true skills to estimate the models that

link the later outcomes with the intermediate skills. The factor scores are measured with error, which

produces downward biased estimates of the parameters of the outcome equations. This bias corresponds to

the traditional attenuation that results from classical measurement error. In factor scored regressions, Bolck

et al. (2008) prove this. We adopt the bias correction strategy proposed by Croon (2002). In summary, this

approach takes advantage of the fact that we have estimates of all the components of the bias. This strategy,

also used by Heckman et al. (2013), can be summarized as follows:

Consider the model following model. To simplify notation, we use W to denote pre-program variables

X, treatment indicator and the intercept of equation 8:

Yi = αθi + γWi + εi, i = 1, . . . , N. (45)

The covariance matrix of (θi,Wi) is

 Cov(θ,θ) Cov(θ,W )

Cov(W ,θ) Cov(W ,W )

 .

We measure θi with error. Thus,

θS,i = θi + Vi, i = 1, . . . , N

(Wi,θi) ⊥⊥ Vi, E(Vi) = 0, Cov(V ,V ) = ΣV V

Denote Cov(θS,i,θS,i) = ΣθS,θS . We assume that the (θi,Wi, εi) are i.i,d, but much weaker conditions

suffice. Note that we do not assume that θi ⊥⊥ Wi as in traditional factor analysis. We do assume that

(θi,Wi) ⊥⊥ εi and E(εi) = 0.

If we use θS,i in place of Yi, it follows that:

Yi = αθS,i + γWi + εi − αVi. (46)

24We impute factor scores for individuals that have at least two other factor scores.
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The estimation of equation 46 using OLS produces estimates that are biased:

plim

 α̂

γ̂

 =

 Cov(θS ,θS) Cov(θS ,W )

Cov(W ,θS) Cov(W ,W )


−1 Cov(θ,θ) Cov(θ,W )

Cov(W ,θ) Cov(W ,W )


 α

γ

 .

Let ΣB,C be Cov(B,C). Observe that Σθ,W = ΣθS ,W as a consequence of our assumptions. In this

notation

plim

 α̂

γ̂

 =

 Σθ,θ + ΣV ,V Σθ,W

ΣW ,θ ΣW ,W


−1 Σθ,θ Σθ,W

ΣW ,θ ΣW ,W


︸ ︷︷ ︸

A

 α

γ

 (47)

which is the usual attenuation formula.

From the estimation of the measurement system, we can identify Σθ,θ, Σθ,W , ΣV ,V , and we have all

the components of A. Hence if we pre-multiply the least squares estimator by A−1, we obtain:

plimA−1

 α̂

γ̂

 =

 α

γ

 .

This is called “Croon’s method” in psychometrics (Croon, 2002). In our application, there are two groups

corresponding to D = 0 and D = 1 (control and treatment, respectively). We allow θi to vary by treatment

status. Indeed, our method assumes that treatment only operates through shifting the distribution of θ. We

do not normalize the means of θ (or W ) to be zero.

In the third step of our estimation procedure we compute bootstrapped p-values for each decomposition

channel of the treatment effects. We take 100,000 resamples with replacement. The bootstrapped p-value

for the null hypothesis H0 : αj = 0 is calculated as follows:

p-value =
1

B

B∑
b=1

1(tj,∗b > tj) with tj =
α̂j

σ̂(α̂j)
and tj,∗b =

(α̂jb − α̂j)
σ̂(α̂jb)

(48)

where
ˆ
αjb is bootstrapped estimated in the bth resample and α̂j is estimated from the original data. Given

the estimates of the outcome equation and of the factor scores, we construct the bootstrapped p-value for

the contribution of skill k under the null hypothesis H0 : α̂jE(θj1 − θ
j
0) = 0 as follows:

p-value =
1

B

B∑
b=1

1(T j,∗b > T j) with T j =
α̂j ∗ E( ̂θj(1)− θj(0))

σ̂(α̂j ∗ E( ̂θj(1)− θj(0)))
(49)
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where T j,∗b is the statistic T j computed with the parameters obtained in the bth resample. Notice that the

p-value combines the variation in two population parameters: 1) the coefficient of the outcome equation;

2) the experimentally induced difference in means in the skills. It could be the case that each of these

parameters are, separately, statistically significant. However, the p-value may increase due to a loss in power

when they are combined.

Tables G.8 - G.11 shows the parameters of the outcome equations as wells as the decompositions com-

ponents.
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H Mediation Specification Test

In this section we specify how do we empirically test the effect that the mediators have on the final outcomes.

We use J for an indexing set of skills. We use Jp ⊆ J for the subset of measured skills. Our model for the

outcome equation is:

Yd = κd +
∑
j∈J

αjdθ
j
d + βdX + ε̃d, d ∈ {0, 1},

where κd is an intercept, (αjd; j ∈ J ) are loading factors and βd are |X|-dimensional vectors of parameters.

The error term ε̃d is a zero-mean i.i.d. random variable assumed to be independent of regressors (θjd; j ∈ J )

and X.

The NFP analysts collected a rich array of measures of cognitive and personality skills. However, it

is likely that there are skills that they did not measure. As noted before, we use Jp ⊆ J be the index

set of measured skills. Namely, skills for which we have enough psychological instruments that allows for

estimation. We rewrite the equation for potential outcome Yd as:

Yd = κd +
∑
j∈J

αjdθ
j
d + βdX + ε̃d

= κd +
∑
j∈Jp

αjdθ
j
d︸ ︷︷ ︸

skills that
we measure

+
∑

j∈J\Jp

αjθjd︸ ︷︷ ︸
skills that we

do not measure

+βdX + ε̃d

= κd +
∑

j∈J\Jp

αjd E(θjd)︸ ︷︷ ︸
new intercept

+
∑
j∈Jp

αjdθ
j
d︸ ︷︷ ︸

skills that
we measure

+
∑

j∈J\Jp

αjd(θ
j
d − E(θjd))︸ ︷︷ ︸

skills that we
do not measure

+βdX + ε̃d,

= τd︸︷︷︸
new intercept

+
∑
j∈Jp

αjdθ
j
d︸ ︷︷ ︸

skills that
we measure

+βdX +
∑

j∈J\Jp

αjd(θ
j
d − E(θjd)) + ε̃d︸ ︷︷ ︸

new error term

(50)

where d ∈ {0, 1}, τd = κd +
∑
j∈J\Jp α

j
d E(θjd).Any differences in the error terms between treatment and

control groups can be attributed to differences in unmeasured skills. Thus, we assume, without loss of

generality, that ε̃1
d
= ε̃0, where

d
= means equality in distribution.

The goal of this section is to examine the statistical assumptions needed to estimate unbiased parameters

(αjd : j ∈ Jp, d ∈ {0, 1}). These parameters are used to perform the decomposition of outcome treatment

effects into parts associated with skills enhancement (θj1 − θj0 : j ∈ Jp). Parameters α may suffer from

confounding effects if measured and unmeasured skills are not independent. We can solve this confounding
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problem by assuming that unmeasured skills are independent of measures skills. Namely,

(θjd; j ∈ J \ Jp) ⊥⊥ (θjd; j ∈ Jp)|X; d ∈ {0, 1},

then the regression:

Yd = τd +
∑
j∈Jp

αjdθ
j
d + βdX + εd, (51)

produces unbiased estimates of parameter (αjd; j ∈ Jp); d ∈ {0, 1}. Indeed error terms εd in equation (51)

are given by

εd = ε̃d +
∑

j∈J\Jp

αjd(θ
j
d − E(θjd))

which are independent of (θjd; j ∈ Jp) conditional on X under the assumption that skills are independent.

Now suppose that instead of the skills independence assumption for both groups, we focus only on the

control group, thus,

(θj0; j ∈ J \ Jp) ⊥⊥ (θj0; j ∈ Jp)|X.

Moreover, suppose we also assume that αj1 = αj0; j ∈ J . Equivalently, the outcome loading factors for

both treatment and control groups are the same. In this new setup, the regression

Y0 = τ0 +
∑
j∈Jp

αjθj0 + β0X + ε0, (52)

also produces unbised estimates of (αj ; j ∈ Jp). Now consider the regression

Y1 = τ1 +
∑
j∈Jp

αjθj1 + β1X + ε1.

According to our rationale, this regression only produces unbiased estimates of (αj ; j ∈ Jp) if:

(θj1; j ∈ J \ Jp) ⊥⊥ (θj1; j ∈ Jp)|X, (53)

or, alternatively,

(θj1 − θ
j
0; j ∈ J \ Jp) ⊥⊥ (θj1 − θ

j
0; j ∈ Jp)|X. (54)

Thus, under this new set of assumptions, testing H0 : α1 = α0 is translated into testing the independence

relations of equations (53)–(54).

While the skill independence assumption in equation (53) may appear strong, the rich settlement of
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information on NFP surveys makes this assumption more plausible. NFP data has a huge selection of

psychological questionnaires that aims to measure both cognitive and non-cognitive skills though childhood.

We examine all the available data and only a subset of these measures turns out to be statistically relevant

for mediation analysis. We use these measures to estimate factors that are able to explain the majority of

the treatment effects. Thus, it seems unlikely that some unobserved skills overlooked by psychologists could

have a major impact on mediating treatment effects.

H.1 Skills and the Measurement System

The assumption that the loading factors in the measurement system (equation 42) are the same for treatment

and control is not necessary to identify the model. It is useful for clarity in the interpretation because the

treatment operates by the shift of the latent skills and not by the map between measures and skills.

Ultimately, we need the decomposition of the treatment effects, (12), to be invariant to the choice of the

measurement system we used. Thus, for each skill’s contribution to treatment effect on each outcome, we

want to test the null hypothesis that:

H0 : α0(E(θ1 − θ0)) = α1(E(θ1 − θ0)) (55)

where αd = (αjd : j ∈ Jp) and θd = (θjd : j ∈ Jp) such that d ∈ {0, 1} denotes treatment status.

Let θ̂i be the estimated factor score for individual i, assigned to treatment status Di ∈ {0, 1}, using the

estimated loading factors from the subsample of individuals with the same treatment status, i.e. for each

individual factor score:

θ̂i = (ϕDi
′(ΩDi)

−1ϕDi)
−1ϕDi

′(ΩDi)
−1Mi.

We would like to test if the contributions to the treatment effects is independent if we use the parameters’

from different measurement system (i.e if we estimate a different set of loading factors for the treatment and

control group).

Hence, an appropriate single hypothesis test statistic for each skill j ∈ Jp becomes:

α̂j0(θ̂j1 − θ̂
j
0)− α̂j1(θ̂j1 − θ̂

j
0)

where we use a hat subscript to denote estimated parameters. α̂ are Croon corrected estimates of α. We can

use a summary statistic to test the joint hypothesis stated in (55).
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Independence between α̂d and θ̂d − θ̂d yields:

Var(α̂d(θ̂1 − θ̂0)) = (α̂d)
2 Var(θ̂1 − θ̂0) + Var(α̂d)(θ̂1 − θ̂0)2 + Var(α̂) Var(θ̂1 − θ̂0)

Independence between the quantities estimated for each of the d’s yields:

Var(α̂0(θ̂1 − θ̂0)− α̂1(θ̂1 − θ̂0)) = Var(α̂0(θ̂1 − θ̂0)) + Var(α̂1(
¯̂
θ1 − ¯̂

θ0))

This variance helps us to get the z-statistic:

z =
α̂0(θ̂1 − θ̂0)− α̂1(θ̂1 − θ̂0)√

Var(α̂0(θ̂1 − θ̂0)− α̂1(θ̂1 − θ̂0))

A two-sided z-test gives a p-value associated with the skill and outcome null hypothesis of invariance to

the choice of the measurement system.

These (outcome, skill) paired p-values are shown in Tables H.12 and H.13. We find that we can not

reject the null hypothesis for any skill-outcome pair which suggests that our decompositions of the NFP

treatment effects are not driven by the choice of the measurement system.

H.1.1 Additional Specification Test for the Outcome Equation

In order to clearly interpret the channels through which the NFP affects later outcomes, (5) assumes that the

parameters that map skills and pre-program variables with the outcomes are not affected by the programs.

Put another way, the mediated channels operate exclusively on the program effect on the skills. This

assumption is not necessary to identify the model.

For each outcome decomposed, we test the hypothesis that αj1 = αj0,∀j ∈ J and β1 = β0 with a

Wald test. Tables H.14 and H.15 show the results of this test. We cannot reject the null hypothesis of

equality of the coefficients for the treatment and control groups. This evidence strengthens the validity of

our interpretation of the decomposition of the NFP treatment effect into interpretable channels.

I Oaxaca-Blinder Decomposition Results

Oaxaca-Blinder decompositions are often used to examine sources of treatment effects. This method de-

composes the difference in means between two groups (treatment and control) into the part that is due to

the group differences in the channels and into the part that is due to group differences in the parameters

that capture the relationship between the channels and the outcomes. In our context, the Oaxaca-Blinder
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decomposition is summarized as follows:25

E(Y |D = 1)− E(Y |D = 0)︸ ︷︷ ︸
Treatment Effects

= (α1 − α0)θ0︸ ︷︷ ︸
Differences unexplained by the skills

+ (θ1 − θ0)α︸ ︷︷ ︸
Explained: differences in skills

. (56)

The decomposition that we propose summarizes the unexplained part in the above equation through

the difference in the intercepts between the treatment and the control groups. In order to assess if our

decomposition is a plausible specification, we estimate an Oaxaca-Blinder decomposition. The results in

Tables I.16 - I.20 evidence that the Oaxaca-Blinder unexplained part that accounts for differences in the

mapping of the skills on outcomes is not statistically significant for any outcome. Therefore, the results from

the decomposition of the NFP treatment effects presented in the paper seem to be correctly specified.

25We implicitly control for pre-program variables.
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