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A Memphis NFP Randomization Protocol

The NFP Memphis trial recruited pregnant women from June 1, 1990 to August 31, 1991

through the Memphis-Shelby County Tennessee Health Department. Eligible mothers sat-

isfied the following biological criteria: (1) less than 29 weeks of pregnancy; (2) no previous

live birth; and (3) no chronic illnesses that could contribute to fetal-growth retardation or

preterm delivery. They also satisfied two or more of the following socio-economic criteria: (1)

unmarried; (2) less than 12 years of education; (3) unemployed. The randomization protocol

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

of enrollment. Pregnant women who agreed 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

5. 4 geographic regions of residence.1

Within strata, randomization was performed 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 as the elder sibling.

2. Else, the participant was randomized into the control (C) or treatment group (T).

However, if the sample size difference between treatment and control group was larger

than a threshold, the participant was deterministically assigned to the treatment status

that had fewer participants.

1The regions are: Inner City, Bisson, Cawthon and Hollywood.
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3. Next the participant was randomized again into her final treatment status. If in step

2 the participant was assigned to the control, she was next randomized to:

• Group 1 : control women who received free transportation to and from their pre-

natal appointments (sample size: 166).

• Group 2 : control women who received developmental screening and referral ser-

vices 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 who received 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)2

As in the previous step, if the absolute difference in group size exceeded some threshold

then the participant 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 determin-

istically 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.

2Nurses completed on average 7 visits during pregnancy (range: 0-18) and 26 visits during the first two
years of the child’s life (range: 0-71) (Olds and Korfmacher, 1998)
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B Brief survey of the NFP Literature

The NFP program has been evaluated in three Randomized Control Trials (RCTs): Elmira,

NY (1978), Memphis, TN (1990) and Denver, CO (1994), each of them targeting low-income

first-time mothers from different racial backgrounds. In Elmira, the sample was mainly

low-income white; in Memphis, the majority of the participants were low-income African

American; and in Denver, the sample included a significant fraction of low-income Hispanics.

Another important difference is that in the Elmira and Memphis trials, the visits were

conducted by nurses. In contrast, in the Denver trial, one treatment group received visits

by Nurses and another group by Paraprofessionals. Table B.1 describes the main features of

the randomization arms of each NFP trial.

• Denver Trial Treatment Groups:

1. Women in the control group (n = 255) were provided developmental screening

and referral services for their children at 6, 12, 15, 21, and 24 months old (same

as Memphis Group 2).

2. Paraprofessional Group: Women assigned to the paraprofessional group (n =

245) were provided the screening and referral services plus paraprofessional home

visitation during pregnancy and infancy, that is, the first 2 years of the child’s life

(No such group in Memphis Trial).

3. Nurse Group: Women in the nurse group (n = 235) were provided screening

and referral plus nurse home visitation during pregnancy and infancy (Same as

Memphis Group 4).

• Elmira Trial Treatment Groups

1. Group 1. When the children were 1 and 2 years of age, an infant specialist hired

by the research project screened them for sensory and developmental problems and
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referred those with suspected problems to other specialists for further evaluation

and treatment (similar to Memphis Group 2).

2. Group 2. Families were provided free transportation for regular prenatal care

at local clinics and physicians’ offices through a contract with a local taxicab

company, as well as the sensory and developmental screening outlined in treatment

1 (same as Memphis Group 2).

3. Group 3. Families were provided a nurse home visitor during pregnancy, in

addition to the screening and transportation services. The nurses visited families

approximately once every 2 weeks and made an average of nine visits during

pregnancy. The average visit lasted 1 hour and 15 minutes (similar but weaker

treatment than Memphis Group 3).

4. Group 4. Families received the same services as those in treatment 3, but in

addition the nurse continued to visit until the children were 2 years of age. For

6 weeks after delivery the nurses visited families every week; from 6 weeks to 4

months, they visited every 2 weeks; from 4 to 14 months, every 3 weeks; from 14

to 20 months, every 4 weeks; and from 20 to 24 months, every 6 weeks. Under

predetermined crisis conditions the nurses visited weekly. As with the visits during

pregnancy, the average visit lasted approximately 1 hour and 15 minutes, but the

mean number of visits completed from birth through the end of the program was

23 (same as Memphis Group 4).

B.1 Summary of key Findings of the NFP Literature

We summarize selected papers on NFP below. We also describe their main results. Ta-

bles K.1–K.15 provide further information of the published papers of the NFP literature.

1. Memphis Trial
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Table B.1: Description of Randomization Groups for Each NFP Trial

Description of the treatment groups for the three trials 
 
Elmira Trial 
Services provided (+) in Each of the Four Treatment Groups 

 
Memphis Trial 
Services provided (+) in Each of the Four Treatment Groups 

 
Denver Trial 
Services provided (+) in Each of the Three Treatment Groups 

 
 
 
 

 1 
(N=90) 

2 
(N=94) 

3 
(N=100) 

        4 
(N=116) 

Health and developmental 
screening at the child’s 12th and 
24th month of life 

 
X 

 
X 

 
X 

 
X 

Free transportation to regular 
prenatal and well-child visits 

 X X X 

Nurse home visitation during 
pregnancy 

  X X 

Nurse home visitation during 
the child’s first 2 years of life 

   X 

 1 
(N=166) 

2 
(N=94) 

3 
(N=230) 

        4 
(N=228) 

Free transportation to regular 
prenatal and well-child visits 

X X X X 

Health and developmental 
screening at the child’s 6th, 12th 
and 24th month of life 

  
X 

 
X 

 
X 

Nurse home visitation during 
pregnancy 

  X X 

Nurse home visitation during 
the child’s first 2 years of life 

   X 

 1 
(N=255) 

2 
(N=245) 

3 
(N=235) 

Developmental screening and 
referral services at the child’s 
6th, 12th , 15th, 21st and 24th 
month of life 

 
X 

 
X 

 
X 

Paraprofessional home 
visitation during pregnancy and 
the child’s first 2 years of life 

 X  

Nurse home visitation during 
pregnancy and the child’s first 2 
years of life 

  X 

N=(514)
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• Kitzman et al. (2000):

Treatment group had fewer subsequent pregnancies; longer interval between the

birth of the first child and the second; fewer months of using welfare. All results

were statistically significant.

• Olds et al. (2004):

Women visited by nurses had fewer subsequent pregnancies and births, longer

intervals between births of the first and second children, longer relationships with

current partners, fewer months of using welfare. Nurse-visited children were more

likely to be enrolled in out-of-home care between 2 and 4.5 years, had higher higher

intellectual functioning, higher vocabulary scores, fewer behavior problems and

higher arithmetic achievement

• Olds et al. (2007):

Nurse-visited women had longer intervals between the births of their first and

second children, fewer subsequent births, and longer relationships with current

partners. From birth through child age 9, nurse-visited women used welfare and

food stamps for fewer months. Nurse-visited children born to mothers with low

psychological resources had higher achievement test scores in math and reading

in grades 1 through 3.

2. Denver Trial

• Olds et al. (2002):

Nurse-visited mothers reduced smoking during pregnancy, had fewer subsequent

pregnancies and births; had delayed subsequent pregnancies; worked more; inter-

acted more with the child. At 6 months of age, nurse-visited infants were less

likely to exhibit emotional vulnerability in response to fear stimuli and nurse-

visited infants born to women with low psychological resources were less likely to

exhibit low emotional vitality in response to joy and anger stimuli. At 21 months,
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nurse-visited children born to women with low psychological resources were less

likely to exhibit language delays. At 24 months, they exhibited superior mental

development (Development Index scores). No statistically significant program ef-

fects for use of ancillary prenatal services, educational achievement, use of welfare,

child temperament or behavior problems. There is a single statistically significant

result for paraprofessional-visited mothers when compared to their control group.

Mothers with low psychological resources visited by paraprofessional interacted

more with their children.

• Olds et al. (2004):

Women who were visited by paraprofessionals, were less likely to be married,

more likely to live with the biological father, were more likely to work, reported a

greater sense of mastery and had better mental health. Paraprofessional-visited

women, had fewer subsequent miscarriages, gave birth to fewer low birth weight

newborns, displayed greater sensitivity and responsiveness toward one another

and, for mothers with low psychological resources, home environments were more

supportive. Nurse-visited mothers reported greater intervals between the births

of their first and second children, experienced less domestic violence and enrolled

their children less frequently in preschool, Head Start, or licensed day care than

did control subjects. Nurse-visited children whose mothers had low levels of psy-

chological resources had home environments that were more supportive of chil-

drens early learning, more advanced language, and superior executive functioning.

There were no statistically significant effects of either nurse or paraprofessional vis-

its on the number of subsequent pregnancies, mother’s educational achievement,

use of substances, use of welfare, or children’s externalizing behavior problems.

3. Elmira Trial

• Olds et al. (1997):
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Women who were visited by nurses during pregnancy and infancy were less likely

to be perpetrators of child abuse and neglect compared to the control group.

Nurse-visited women from low socioeconomic status households who were unmar-

ried had 1.3 vs 1.6 subsequent births and delayed the second birth. Nurse-visited

women were less likely to use welfare, had fewer behavioral impairments due to

use of alcohol and other drugs and had fewer arrests.

• Eckenrode et al. (2010):

Nurse-visited mothers had fewer lifetime arrests and convictions. Nurse-visited

mothers of low-income had fewer children and were less likely to use Medicaid.

We present a more detailed analysis of these trials in Appendix K.

C Assessment Instruments

C.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 (Caldwell and Bradley, 1984). The assessment documents the

child’s home environment and is observed during a visit of 45 to 90 minutes. A more in

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

There are several versions of the inventory. The initial version, Infant/Toddler HOME,

is for children aged 0 to 3 years old. It consists of 45 binary-choice items grouped into 6

subscales. The Early Childhood HOME is for children 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 children 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:

10



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 environment.

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.

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

C.2 KABC

The Kaufman Assessment Battery for Children (K-ABC) 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 psychological instruments that focus on

measuring raw cognitive skills. In broad terms, KABC focuses on the process of acquiring

and manipulating information according to a determined protocol. 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 sequences.

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.
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3. Achievement Scale (Arithmetic, Riddles, Reading/Decoding): measures achievement and focuses 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.

C.3 PPVT

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

measures receptive 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, the

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.

C.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:

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.
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C.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 be-

havior, aggressive behavior, and other problems. The NFP Program used the CBCL when

the child was 2 and 6 years old.

C.6 MacArthur

The MacArthur Story Stem Battery (MSSB) was created by the MacArthur Narrative Work-

ing Group that included Bretherton, Buchsbaum, and several other collaborators. The story

stem method is a procedure in which the examiner presents a story to the child that cul-

minates at a high point, at which the child is then asked to complete the story; this type

of method allows insight into the inner workings of the child’s mind. The 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.
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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 frag-

ments, 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.

D Permutation-based Inference and Multiple Hypoth-

esis Testing

The standard model of program evaluation describes the observed outcome Yi of participant

i ∈ J by

Yi = DiYi,1 + (1−Di)Yi,0, (1)

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 indepen-

dence 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 de-

fined 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),
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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 (1) by Y = (Yi; i ∈ I). The

no-treatment hypothesis is equivalent to the statement that the conditional counterfactual

outcome vectors share the same distribution:

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 relies on the asymptotic behavior of test statistics. We address

the problem of small sample size by generating the exact test statistic conditioned on data.

Second, the presence of multiple outcomes allows for the arbitrary selection of statistically

significant outcomes. Selectively reporting statistically significant outcomes is often termed

cherry picking and generates downward-biased p-values. We solve the problem of cherry

picking by implementing multiple-hypothesis testing based on the stepdown procedure of

(Romano and Wolf, 2005). They explain that the stepdown procedure strongly controls for

family-wise error rate (FWER), while classical tests do not. Also, Romano and Wolf (2005)

show that the strong FWER control can be obtained by imposing 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).

To summarize, our method is based on three steps. First, we seek to characterize the

exact conditional distribution of D|X. Specifically we characterize the set Dx(d), defined by:

Dx(d) = {d′ ∈ {0, 1}|J | ; P(D = d|X = x) = P(D = d′|X = x)},
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such that the distribution of D conditioned on realized data is uniform among elements

of Dx(d). Next we use the assumption of the 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.

Under H0, 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 helpful for describing 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

Hypothesis H-1′′. HL : YL ⊥⊥ D|X, where YL = (Yk : k ∈ L).

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 H-1′′ as HL = ∩k∈LH{k}.

Our goal is to test single (or joint) null hypotheses controlling for the probability of 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 HL,

(YL, D)|X d
= (YL, gD)|X ∀ g ∈ GX , (2)

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 (2) to generate a statistical test where the exact distribution of the test
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statistic TL(YL, gD) is obtained by re-evaluating TL(YL, gD) as g varies in GX . Note that the

inference for Hypothesis H-1′′ depends on the choice of statistics. That is to say that even

though any statistic TL(YL, D) whose value provides 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), (3)

where Tk(Yk, D) is the t-statistic for outcome Yk. Relationship (2) 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 (4)

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)

}
. (5)
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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). (6)

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)|

. (7)

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

P(pL,x(d) ≤ φ|X = x) ≤ φ ∀φ ∈ [0, 1].

We implement a method of inference that tests the multiple null hypotheses that each

outcome Yk; k ∈ L is independent of treatment status D conditional on pre-program vari-

ables X. The representation of these multiple hypothesis is in the same fashion as the single

(joint) null hypothesis, namely, HL = ∩k∈LH{k} ; H{k} : Yk ⊥⊥ D|X. The multiple hypoth-

esis 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 family-wise

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,

while single (joint) hypothesis testing controls for P( reject HL|HL is true ) ≤ α.
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Bonferroni or Holm are examples of inference methods that test multiple hypothesis con-

trolling for FWER. These methods rely upon a “least favorable” dependence structure among

the p-values. The stepdown procedure of Romano and Wolf (2005) is less conservative as it

accounts for the dependence structure of p-values. The method is based on a 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. (8)

Equation (8) is satisfied by our choice of test statistic (3) and the fact that L0 ⊂ K.

The stepdown procedure given in Romano and Wolf (2005) is a stepwise method sum-

marized in the following algorithm:

Algorithm 1.

Step 1: Set L1 = L. If

max
k∈L1

Tk(Yk, d) ≤ cL,x(YL1 , d, α) , (9)

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), (10)
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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.

...

We can compute the multiplicity-adjusted p-values of Equations (9)–(10) in the same

fashion described by Equations (5)–(7).

D.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 any statistical inference by conditioning on those pre-program variables. Let Z be the

pre-program variables that were not used in the randomization protocol that we seek 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). We can use this relationship to generate a

permutation test that considers the strata formed by values of covariates X and Z. This

way we can generate an inference method that non-parametrically conditions on variables

X and Z.

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

ditioning 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)

test a range of permutation methods for linear models. They find that the Freedman and
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Lane (1983) procedure generates 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 exchangeable properties (i.e. we use permutations in GX); We linearly condition

on additional pre-program variables Z not used in the randomization protocol. Following

the 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 vector treatment statuses D. (5) we then use the t-statistic

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

Beaton (1978) and Freedman and Lane (1983) suggest permutation inference based on

Shuffle Residuals. By this, we 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 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

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 . (11)
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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 +Bgê. (12)

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

Ỹ = Zβ +Dδ + ε̃. (13)

We now examine the δ estimate on Equation (13). This estimate ia actually the same as the

one computed in the following regression:

MZỸ = MZDδ + ε̃. (14)

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

δ̂g = (D′M ′
ZMZD)−1D′M ′

ZMZỸ . (15)
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We now use previous equations to transform Equation (15) into a more general formula:

δ̂g = (D′M ′
ZMZD)−1D′M ′

ZMZỸ , by (15),

= (D′MZD)−1D′MZỸ , by (11),

= (D′MZD)−1D′MZ(Y +Bgê), by (12) ,

= (D′MZD)−1D′MZ((I −MZ)Y +Bgê), because MZ = I − Z(Z ′Z)−1Z ′,

= (D′MZD)−1D′((MZ −MZ)Y +MZBgê),

= (D′MZD)−1D′(MZBgê),

= (D′MZD)−1D′(MZBgMZY ), because ê = MZY . (16)

Kennedy (1995) points out that the Freedman and Lane (1983) algorithm is summarized by

Equation (16). 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-statistic of the D

covariate in the Freedman and Lane (1983) regression just described. Using this notation,

the analysis of the previous sections holds unaltered.

E Additional Baseline Tables

Table E.1 presents the statistical description of retention levels by gender and time of survey.

Table E.2 presents the statistical description of selected pre-program variables after 6 years of

the program. Table E.3 presents the statistical description of selected pre-program variables

after 12 years of the program.
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Table E.1: Retention Rates by Gender

All Males Control Males Treated Males Difference

Groups 2 and 4 Group 2 Group 4 Groups 2 and 4

Sample Attrition Sample Attrition Sample Attrition p-value

Month 6 333 0.93 232 0.93 101 0.92 0.65
Month 12 338 0.94 234 0.94 104 0.95 0.83
Year 2 339 0.94 235 0.94 104 0.95 0.95
Year 4.5 324 0.90 223 0.90 101 0.92 0.51
Year 6 323 0.90 224 0.90 99 0.90 0.99
Year 9 315 0.88 218 0.88 97 0.88 0.87
Year 12 300 0.84 202 0.81 98 0.89 0.06

All Females Control Females Treated Females Difference

Groups 2 and 4 Group 2 Group 4 Groups 2 and 4

Sample Attrition Sample Attrition Sample Attrition p-value

Month 6 338 0.94 237 0.95 101 0.90 0.072
Month 12 347 0.96 239 0.96 108 0.96 0.840
Year 2 340 0.94 235 0.94 105 0.94 0.814
Year 4.5 322 0.89 220 0.88 102 0.91 0.443
Year 6 318 0.88 220 0.88 98 0.88 0.817
Year 9 312 0.86 218 0.88 94 0.84 0.354
Year 12 294 0.81 205 0.82 89 0.79 0.519

Notes: The table presents sample attrition over time. The table displays two panes, the top one focuses on data for males,
the bottom one describes data for females. The first column in each panel re are The first column of each panel gives the time
of survey. Each panel displays four blocks of data description. The first block on the sub-sample consisting of all data for each
gender (Groups 2 and 4), the second block assess the control group (Group 2) and the third block focus on the treatment
group (Group 4). First column of each of these three blocks provides the sample size and the second block presents the
percentages of non-missing data. The last block presents the double-sided p-value for testing whether the the difference of
non-missing percentage values between treated and control groups is statistically different than zero.
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F Additional Inference Results: Unconditional Analy-

sis and Addressing Attrition using Inverse Propen-

sity Weights

Tables F.1–F.5 present the unconditional analysis of the treatment effects presented in Ta-

bles 6–10 of the main paper.

One aspect of the NFP that may cause concern is attrition. In order to address this issue,

we use statistical models that account for missing data by reweighting observations according

to the inverse probability of retention, which is usually termed Inverse Probability Weighting

(IPW). The probabilities of attrition at each wave are estimated by gender using logit models.

To select the covariates in the model, we choose the set of pre-program covariates that

minimize the Akaike Information Criterion (AIC). Then, we use the estimated probabilities

to reweight the observations and compute the treatment effects. The results do not change

much after this correction. Tables F.7–F.10 show these results. The tables can be read in

the same way as Tables 6–10 in the paper.
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G A Framework for Mediation Analysis

This section develops a theoretical framework to conduct our mediation analysis. Our model

is motivated by the literature on the technology of skill formation (Cunha and Heckman,

2007). In it, subsequent skills build on earlier skills 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 equations that govern the evolution of skills

are given by:

θi,t+1 = qt+1(θi,t, Ii,t+1,Xi, υi,t+1); t ∈ {0, 1, . . . , T − 1}. (17)

By the term “structural equations,” we mean autonomous functions in the language of Frisch

(1938), i.e. deterministic functions whose functional forms do not change as their 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}, (18)

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 ). (19)

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 (17)–(18) into

(19) to generate the following equation:

Yi = ft′(θi,t′ ,Xi, {υi,t̃}Tt̃=t′ , {εi,t̃}
T
t̃=t′ , ξi,T ), (20)
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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 (18) at period t′ by:

Ii,t′ = ht′(θi,t′−1, Di,Xi, εi,t′); for some t′ ∈ {0, 1, . . . , T − 1}, (21)

The counterfactual values investment Ii,t′ are defined by the value Ii,t′ takes when the in-

tervention 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 (21).

That is:

Ii,t′,d = ht′(θi,t′−1, d,Xi, εi,t′); d ∈ {0, 1} for some t′ ∈ {0, 1, . . . , T − 1}. (22)

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 ), (23)
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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 use Equation (23) to generate a tractable equation to examine mediation effects.

Note that Equation (23) holds not only 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}. (24)

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 can substitute those error terms by ζt without loss of generality. Equation (24)

then becomes:

Yi,d = ft(θi,t,d,Xi, ζi,t). (25)

We achieve a linear form of Equation (25) by approximating it through a Maclaurin expan-

sion. This generates the following equation:

Yi,d,t = κt +αt,dθi,t,d + βt,dXi + εi,t,d, d ∈ {0, 1}. (26)

where εt,d accounts for the approximation error. Equations (25)–(26) are used in our medi-

ation analysis in Section 5.
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H Mediation Methodology

H.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 noted in the paper, we perform two sets of

analyses. First, we study whether 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 whether 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, letMj 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.3 Thus,

our linear measurement system is as follows:4

M j
mj ,d

= νj
mj +ϕj

mjθ
j
d + ηj

mj ,d
, (27)

where νj
mj is the intercept term and ϕj

mj 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 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

3This follows the same notation as Heckman et al. (2013)
4We control for pre-program variables X but we keep it implicit to shorten notation.
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to 1 in order to set a scale, otherwise the scale is arbitrary.5 Finally, we allow for factor

correlation.

The parameters that identify the measurement system are the factor means, the fac-

tor covariances, the intercepts, the factor loadings, and the variances of the error terms:

E[θj(d)] = µjd, V ar[θd] = Σθd , ν
j

mj , ϕ
j

mj , V ar[η
j
mj ]). Heckman et al. (2013) show that the

existence of at least three measures for each latent skill guarantees identification.6 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 of

45 items.

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

Inventory, self-esteem, measured by the Rosenberg scale, and mastery, approximated by the

Pearlin scale. Similarly, for age 6, we select children’s skills influenced by the NFP as plausi-

ble mediators . Child 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 treat-

ment 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 C 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

5Given 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.

6 Carneiro et al. (2003) and Cunha et al. (2010) also discuss identification of factor models.
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order to do this, we assume that the latent skills and the error terms, θj and ηj
mj , are normal

and i.i.d. We use full-information maximum likelihood to deal with the missing values in

the measures for some individuals. 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. By missing at random we mean that the probability

of data associated with a variable x can depend on other observed variables but not on the

values of x itself.

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 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 cons-

truct 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

and the Bartlett method, which resembles GLS (Thomson, 1934). 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 treat-

ment 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 andM are the indexing

sets for skills and measures respectively). Assume that the (θi,ηi), i ∈ {1, . . . , I}, are
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independent across i. For simplicity, we assume that they are i.i.d.7 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 (28)

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, (29)

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 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.8 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

7This is not strictly required but simplifies the notation.
8We impute factor scores for individuals that have at least two other factor scores.
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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 4:

Yi = αθi + γWi + εi, i = 1, . . . , N. (30)

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. (31)
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The estimation of Equation 31 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 assump-

tions. 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

 (32)

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:

46



p-value =
1

B

B∑
b=1

1(tj,∗b > tj) with tj =
α̂j

σ̂(α̂j)
and tj,∗b =

(α̂jb − α̂j)
σ̂(α̂jb)

(33)

where α̂jb 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)))
(34)

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 coeffi-

cient 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 H.1 - H.4 shows the parameters of the outcome equations as wells as the decom-

positions components.
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I Mediation Specification Tests

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 for estimation. We rewrite the equation for scalar 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

(35)

where d ∈ {0, 1}, τd = κd +
∑

j∈J\Jp α
j
d E(θjd).
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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 problem by assuming

that unmeasured skills are independent of measured 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, (36)

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

equation (36) 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
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loading factors for both treatment and control groups are the same. In this new setup, the

regression

Y0 = τ0 +
∑
j∈Jp

αjθj0 + β0X + ε0, (37)

also produces unbiased 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, (38)

or, alternatively,

(θj1 − θ
j
0; j ∈ J \ Jp) ⊥⊥ (θj1 − θ

j
0; j ∈ Jp)|X. (39)

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

independence relations of equations (38)–(39).

While the skill independence assumption in equation (38) may appear strong, the rich

settlement of 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.

I.1 Skills and the Measurement System

The assumption that the loading factors in the measurement system (Equation 27) are the

same for treatment and control is not necessary to identify the model. It is useful for clarity
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in the interpretation because the treatment operates by the shift in latent skills and not by

the map between measures and skills.

Ultimately, we need the decomposition of the treatment effects, (6), 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)) (40)

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 whether the contribution to the treatment effects is independent

if we use the parameters from a 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 superscript to denote estimated parameters. α̂ are Croon corrected

estimates of α. We can use a summary statistic to test the joint hypothesis stated in (40).

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)
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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 paired (outcome, skill) p-values are shown in Tables I.1 and I.2. 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.

I.1.1 Additional Specification Tests for the Outcome Equations

In order to clearly interpret the channels through which the NFP affects later outcomes, (1)

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

through the program effect on 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 I.3 and I.4 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.
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J Oaxaca-Blinder Decomposition Results

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

method decomposes 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 decomposition is summarized as follows:9

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

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

+ (θ1 − θ0)α︸ ︷︷ ︸
Differences explained by the skills

.

(41)

The decomposition that we propose summarizes the unexplained part in the above equa-

tion through the difference in the intercepts between the treatment and the control groups.

In order to assess whether our decomposition is a plausible specification, we estimate an

Oaxaca-Blinder decomposition. The results in Tables J.1 - J.5 present evidence that the

unexplained component accounting 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.

9We implicitly control for pre-program variables.
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K Summary of Previous Analyses of NFP

In this section, we summarize the findings from previous studies that examine the treatment

effects of the NFP by each of the three trials. Tables K.1-K.8 present the studies for Elmira;

Tables K.9-K.13 for Memphis and Tables K.14-K.15 for Denver.
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Table K.1: Summary of Olds et al. (1986), Elmira Trial

A. Paper Title

Improving the Delivery of Prenatal Care and Outcomes of Pregnancy: A Randomized Trial of
Nurse Home Visitation

B. Period of Investigation

Time of registration in the program, at the 32nd week of pregnancy and medical records at labor
delivery

C. Sample Size

500 women invited, 400 enrolled. Comparison: 165 (group 1 and 2). Treatment: 189 (Group 3
and 4).
From the initial 400 women enrolled, 46 non-white women were removed because of the small
sample sizes (when conditioned on other pre-program variables of interest).

D. Main Goal

Evaluation of the effectiveness of the comprehensive prenatal program as means of improving
antepartum social support, health habits and obstetrician health status on on length of gestation
and birth weight

E. Outcomes

Use of services and support systems, obstetrician complication after enrollment, obstetrician con-
ditions and health habits, number of cigarettes, birth weight and length of gestation

F. Methods

Differences in means. OLS for continuous outcomes and logistic linear model for dichotomous
outcomes

G. Main Results

Nurse home visited group improved in the use of community services, informal social support, and
health habits. No overall effect on either birth weight or length of gestation. But, positive effects
were present for the children of young adolescents (< 17) and smokers
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Table K.2: Summary of Olds et al. (1986), Elmira Trial

A. Paper Title

Preventing Child Abuse and Neglect: A Randomized Trial of Nurse Home Visitation

B. Period of Investigation

Time of registration in the program, at 6, 12, 24 months of the child’s life.

C. Sample Size

Comparison: 165 (group 1 and 2) Treatment: 189 (Group 3 and 4). From the initial 400 women
enrolled 46 non-white women were removed in this analysis because of the small number to cross-
classify race with other variables important for the statistical analysis. In the 2 years of child’s
life attrition between 12% and 21%

D. Main Goal

Effect of prenatal program on childhood health and developmental problems in the 2 years of
child’s life, including abuse and neglect

E. Outcomes

Child abuse and neglect.
Reports of infant temperament, behavior problems, and maternal reaction to behavioral problems.
Restriction and punishment and provision of play material.
Infant mental development (Bayley and Cattell)
Emergency room visits.

F. Methods

Differences in means (Adjusted for baseline characteristics). Simultaneous statistical inference.
For continuous outcomes, OLS and for dichotomous outcomes logistic linear model (Assuming a
binominal distribution). And low incidence outcomes, in the form of counts (number of emergency
room visits) in the log-linear model (assuming a poisson distribution)

G. Main Results

Positive results concentrated among women at greater risk (younger mothers, poor, unmarried)
of caregiving dysfunction. These group had fewer records of child abuse and neglect during the
first two years of child lives; they punished their children less; they provided with more playing
material. Children had less emergency room visits. For the infants of all the nurse-visited women:
they visited the emergency room less, they were seen by physicians less frequently for accidents
and poisoning in the second years of life
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Table K.3: Summary of Olds et al. (1988), Elmira Trial

A. Paper Title

Improving the Life-Course Development of Socially Disadvantaged Mothers: A Randomized Trial
of Nurse Home Visitation

B. Period of Investigation

Time of registration in the program, at 6, 10, 22, 46 months of children life. SSA records of
number of days that women and their children received public assistance from the index child’s
birth to fourth birthday

C. Sample Size

Comparison: 165 (Groups 1 and 2).
Treatment: 189 (Group 3 and 4).
During the first 4 years of child’s life attrition was between 15% and 21%

D. Main Goal

Effect on improving maternal life-course development

E. Outcomes

Mother’s educational achievement (enrollment, graduation, years of schooling)
Employment
Child Care
Public assistance.
Subsequent-pregnancy

F. Methods

Differences in means (Adjusted for baseline characteristics, classification factors and interaction).
For continuous outcomes, OLS and for dichotomous outcomes logistic linear model (Assuming a
binominal distribution). And low incidence outcomes, in the form of counts (number of emergency
room visits) in the log-linear model (assuming a poisson distribution)

G. Main Results

Up through the four year old index child’s life, the nurse visited women who had not graduated
from high school returned to school more rapidly than the comparison group. Treated poor,
unmarried women showed an 82% increase in the number of months employed, had 43% fewer
subsequent pregnancies, and postponed the birth of the second child on average by 12 months.
During the first two years after delivery, nurse-visited, poor unmarried older women received 40%
less of public assistance than comparison group
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Table K.4: Summary of Olds et al. (1994), Elmira Trial

A. Paper Title

Intellectual Impairment in Children of Women who Smoke Cigarettes During Pregnancy

B. Period of Investigation

Time of registration in the program, 34th week of gestation, measures at 6, 10, 22, 36, 48 months
of the child’s life

C. Sample Size

Comparison: 165 (Groups 1 and 2).
Treatment: 189 (Groups 3 and 4).
During the first 4 years of child’s life attrition was between 15% and 21%.
Analysis limited to whites.
From the initial 400 women enrolled 46 non-white women were removed in this analysis because of
the small number to cross-classify race with other variables important for the statistical analysis.
The estimation of the effect of smoking focused on the comparison sample because the nurse
visited group altered the relationship prenatal smoking and Children IQ

D. Main Goal

Study the effect of maternal cigarette smoking during pregnancy on children’s intellectual func-
tioning during the first 4 years of life, adjusting for the primary confounding influences

E. Outcomes

Intellectual functioning scores: Bayley mental development index (12 months), Cattell (24
months), Stanford-Binet (36 months and 48 months)

F. Methods

General linear model methods, including mixed models to analyse repeated measures with missing
data. Newton Raphson and EM algorithms. Adjustment for baseline characteristics, classification
factors (marital status, SES), covariates and their interactions. To analyze the effect of smoking,
the comparison is made between women in the comparison group who smoke 10 or more cigarettes
per day during pregnancy and comparison women who smoke 0
G. Main Results

Children in the comparison group whose mothers smoke 10 or more cigarettes per day during
pregnancy had Stanford-Binet scores at 3 and 4 years that were 4.35 points lower (after controlling
for several variables) than their counterparts who did not smoke prenatally
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Table K.5: Summary of Olds et al. (1994), Elmira Trial

A. Paper Title

Does Prenatal and Infancy Nurse Home Visitation Have Enduring Effects on Qualities of Parental
Caregiving and Child Health at 25 to 50 Months of Life?

B. Period of Investigation

Time of registration in the program, and at 34, 36, 46, and 48 months of the child’s life.

C. Sample Size

Comparison: 165 (group 1 and 2)
Treatment: 189 Group 3 and 4.
During the first 4 years of child’s life attrition was between 15% and 21%.
Analysis limited to whites.
From the initial 400 women enrolled 46 non-white women were removed in this analysis because of
the small number to cross-classify race with other variables important for the statistical analysis

D. Main Goal

Examine the effect of a randomized trial of a nurse home visitation program on the health,
development, rates of child maltreatment, and living conditions of children from 3 to 4 years of
age

E. Outcomes

Cases of abuse and neglect
Intellectual functioning: Stanford-Binet
Home hazards
Health care encounters
Home inventory

F. Methods

Differences in means (Adjusted for baseline characteristics, classification factors, covariates and
interactions). For continuous outcomes, OLS and for dichotomous outcomes logistic linear model
(Assuming a binominal distribution). And low incidence outcomes, in the form of counts (number
of emergency room visits) in the log-linear model (assuming a poisson distribution)

G. Main Results

No treatment differences in the rates of child abuse and neglect children’s intellectual function
from 25 to 48 moths of age. However, nurse-visited children lived in homes with fewer hazards,
they had 40% fewer injuries and 45% fewer behavioral and parental coping problems. They
made 35% fewer visits to the emergency room. treatment mothers were more involved with and
punished their children to a greater extend than comparison mothers. The functional meaning of
punishments is different between the treatment group and the comparison group
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Table K.6: Summary of Olds et al. (1997), Elmira Trial

A. Paper Title

Long-term Effects of Home Visitation on Maternal Life Course and Child Abuse and Neglect:
Fifteen-Year Follow-up of a Randomized Trial

B. Period of Investigation

Time of registration in the program, and at 15 years of the child’s life

C. Sample Size

Of the 400 pregnant women who enrolled,
324 participated in the fifteen year follow up.
Comparison group (Groups 1 and 2)
Treatment group (Group 4)

D. Main Goal

Evaluate the long-term effects of the program on women’s life course and child abuse and neglect

E. Outcomes

*Rates of subsequent births (self-report) *Use of welfare (AFDC, food stamps, medicaid, self
report) *Maternal substance abuse, arrests, convictions, and child abuse and neglect reports from
birth up to 15 years of child life (New York State records)

F. Methods

Intent to treat approach. Differences in means (Adjusted for baseline characteristics, classifica-
tion factors, covariates and interactions). For continuous outcomes, OLS was used and for low
frequency count data (number of reports pf child maltreatment) the log-linear model was used
(assuming a poisson distribution). The analysis reported here was not limited to one race

G. Main Results

Women visited by nurses during pregnancy and infancy were involved in fewer child abuse and
neglect episodes than comparison group women. Among unmarried and low SES women at initial
of enrollment, treated women had 1.3 vs. 1.6 subsequent births (in contrast to comparison group),
65 vs 37 months between the birth of the first child and the second, 60 vs 90 months receiving
AFDC, 0.41 vs 0.73 behavioral impairments due to alcohol and drugs, 0.18 vs 0.58 arrest by self
report, and 0.16 vs 0.90 arrest according to the state. All differences are significant at the 95%
confidence level
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Table K.7: Summary of Olds et al. (1998), Elmira Trial

A. Paper Title

Long-term Effects of Nurse Home Visitation on Children’s Criminal and Antisocial Behavior:
15-Year Follow-up of a Randomized Controlled Trial
B. Period of Investigation

Time of registration in the program, and at 15 years of the child’s life

C. Sample Size

400 pregnant women enrolled. A total of 315 adolescent offspring participated in the 15 years
follow up study. Comparison group ( 1 and 2) and treatment group (group 3 and 4 separately)

D. Main Goal

Evaluate the long-term effects of the program on children’s criminal and antisocial behavior

E. Outcomes

Children’s self-reports of running away, arrests, convictions, initiation of sexual intercourse, num-
ber of sex partners, pregnancy, and use of illegal substances.
School records of suspensions.
Teachers’reports of children’s disruptive behavior in school.
Parents’reports of the children arrests and behavioral problems

F. Methods

Intent to treat approach. Differences in means (Adjusted for baseline characteristics, classification
factors, covariates and some interactions). For continuous outcomes, OLS was used and for low
frequency count data (eg, number of arrests) the log-linear model was used (assuming a poisson
distribution). Low incidence count outcomes with values higher than 20 were analyzed in a log-
linear model, correcting for over-dispersion. For outcomes reported by more than one respondent
(eg, child, teacher), they used repeated measured analysis (adding fixed factors for respondent
and random factor for individual). For children self-reports of antisocial and delinquent acts, they
used factor analysis and created two factors for multiple hypothesis testing: major delinquency
and minor antisocial acts. The analysis reported here was not limited to one race

G. Main Results

Adolescents born to women who received the program during pregnancy and infancy and who
were unmarried and from low SES at registration, in contrast to the comparison group, reported
lower incidence of running away (0.24 vs 0.60), fewer arrests (0.20 vs 0.45), fewer convictions
(0.09 vs 0.47), fewer lifetime sexual partners (0.92 vs 2.48), fewer cigarettes per day (1.50 vs
2.50), and fewer days of alcohol consumption (1.09 vs 2.49). Parents in the treatment group
(4) reported that their children had fewer problems related to alcohol and drugs use (0.15 vs
0.35). Differences statistically significant. No effect on teachers’ reports, short-term or long term
suspensions, adolescent initiation of sexual life , and the two factors: major delinquency and minor
antisocial acts
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Table K.8: Summary of Eckenrode et al. (2010), Elmira Trial

A. Paper Title

Long-term Effects of Prenatal and Infancy Nurse Home Visitation on the Life Course of Youths:
19 year follow up

B. Period of Investigation

Time of registration in the program, and at 19 years of the child’s life

C. Sample Size

400 pregnant women enrolled. A total of 310 adolescent offspring participated in the 19 years
follow up study. Comparison group (1 and 2) and treatment group (group 3 and 4 separately)

D. Main Goal

Evaluate the impact of the prenatal and infancy nurse visits on youths’ life course development

E. Outcomes

Youth self reports of educational achievement, reproductive behaviors, welfare use, criminal in-
volvement, and drug use

F. Methods

Differences in means (Adjusted for baseline characteristics, classification factors, covariates). For
continuous outcomes, OLS was used. For dichotomous outcomes, generalized linear model with
log link and binomial error distributions was used. For count data, log link and negative binomial
was assumed. To estimate the hazard of first arrest, the Cox proportional hazards method was
used. Growth curves for arrest episodes over time were estimated in a generalized mixed model
with cubic age, with log link and negative binomial error. The analysis reported here was not
limited to one race

G. Main Results

In contrast to the comparison group, girls born to women in the pregnancy and infancy nurse-
visited group were less likely to be arrested (10% vs 30%), and convicted (4% vs 20%) and had
fewer lifetime arrests ( 0.10 vs 0.54) and convictions (0.04 vs 0.37).
Nurse-visited girls born to unmarried and low SES mothers had fewer children and were less likely
to use Medicaid use than their comparison group counterparts
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Table K.9: Summary of Kitzman et al. (1997), Memphis Trial

A. Paper Title

Effect of Prenatal and Infancy Home Visitation by Nurses on Pregnancy Outcomes, Childhood
Injuries, and Repeated Childbearing: A Randomized Controlled Trial

B. Period of Investigation

Time of registration in the program, at 28th and 36th week of pregnancy,and at 6, 12, 24 months
of the child’s life. Medical and social service records were abstracted

C. Sample Size

1290 women invited, 1139 enrolled. Comparison group 1 (166), Comparison group 2 (515), treat-
ment group 3 (230), treatment group 4 (228)

D. Main Goal

To examine the impact of pregnancy and infancy home visits by nurses on pregnancy-induced hy-
pertension, pre-term delivery, and low birth weight; on children’s injuries, immunizations, mental
development, and behavioral problems; and on maternal life course

E. Outcomes

Medical records: Pregnancy-induced hypertension (PIH), preterm delivery, low birth weight, chil-
dren’s injuries, ingestions and immunizations.
Mothers’ reports of children’s behavioral problems;
Children mental development (Bayley scales and Achenbach Child Behavior Checklist)
Mothers’reports of subsequent pregnancy, educational achievement, and labor force participation
Use of welfare: AFDC, from state records

F. Methods

Differences in means (Adjusted for baseline characteristics, classification factors, covariates and
interactions). For continuous outcomes, OLS and for dichotomous outcomes (eg, PIH) logistic
linear model (Assuming a binominal distribution).
And low incidence outcomes, in the form of counts (number of health care encounters) in the
log-linear model (assuming a Poisson distribution). Pregnancy models contrast comparison group
(group 1 and 2) vs treatment group 3, and vs treatment group 4.
Postnatal models contrast comparison group (1 and 2) with treatment group 4 (the one that
received both prenatal and infancy nurse visits)

G. Main Results

Women visited by nurses during pregnancy had had less PIH (13% vs 20%) compared to the
comparison group. During the first two years after delivery, women in the treatment group had
fewer health care encounters for children in which injuries were detected (0.43 vs 0.55), fewer days
of children’s hospitalization (0.03 vs 0.16), and fewer second pregnancies (36% vs 47%).
No program effects on pre-term delivery, or low birth weight; children’s immunization rates, mental
development or behavioral problems; or mothers’ education and employment
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Table K.10: Summary of Kitzman et al. (2000), Memphis Trial

A. Paper Title

Enduring Effects of Nurse Home Visitation on Maternal Life Course: A 3-Year Follow-up of a
Randomized Trial

B. Period of Investigation

Data from assessments at time of registration in the program and 54th months of the child’s life

C. Sample Size

Of those cases randomized with no fetal or child death, follow up interviews were completed on
91% of the cases (443 in comparison group 2 and 203 in treatment group 4)

D. Main Goal

Effectiveness of the NFP prenatal and infancy home visitation program on the maternal life course
3 years after the program ended

E. Outcomes

Mothers: Rate of subsequent pregnancy, mean of interval between first and second child, edu-
cational achievement, number of months in the labor force, and number of months enrolled in
AFDC, food stamps (FS), Medicaid, WIC.
Administrative data from the Tennessee Dept. of Social Service were obtained for AFDC and
Food Stamp.

F. Methods

Intent to treat approach. Differences in means (classification factors, covariates and interactions).
For continuous outcomes, OLS was used, for dichotomous outcomes (eg, cohabitation) the logistic
linear model (assuming binominal distribution) and for low frequency count data (subsequent
pregnancies) the log-linear model was used (assuming a poisson distribution) Models focused on
contrasting comparison group 2 with treatment group 4

G. Main Results

Contrasted with women in the control group, women who received the NFP treatment had fewer
pregnancies (1.15 vs 1.34), fewer closely spaced subsequent pregnancies (0.22 vs 0.32), longer
intervals between the birth of the first and second child (30.25 vs 26.60), and fewer months using
AFDC (32.55 vs 36.29) and FS (41.57 vs 45.04). Compared with the effect of the program while
the visits were being conducted, the effect after it ended was essentially equal for AFDC, greater
for FS, and greater for rates of closely spaced pregnancies.
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Table K.11: Summary of Olds et al. (2004), Memphis Trial

A. Paper Title

Effects of Nurse Home-Visiting on Maternal Life Course and Child Development: Age 6 Follow-Up
Results of a Randomized Trial

B. Period of Investigation

Data from assessments at time of registration in the program and 6 years of the child’s life

C. Sample Size

Of those cases randomized with no fetal or child death, 6 yr follow up interviews were completed
on 91% of the mothers (444 in comparison group 2 and 197 in treatment group 4) and 88% of the
children (425 in comparison group 2 and 190 in treatment group 4)

D. Main Goal

Effectiveness of the NFP on mothers’ fertility and economic self-sufficiency and the academic and
behavioral adjustment of their children as they finish kindergarden near their sixth birthday

E. Outcomes

Mother: Number and timing of subsequent pregnancies; months of employment; use of welfare;
food stamps; Medicaid; rates of marriage, cohabitation, and duration of relationships; Child
Educational Achievement; Behavioral problems resulting from illegal substances;
Children’s behavioral problems (Achenbach Child Behavior Check list), responses to story stems,
Intellectual functioning (Kaufman Assessment Battery and Peabody Picture Vocabulary),
Receptive language and academic achievement; Teachers completed the High-tower Teacher-Child
Rating Scales

F. Methods

Differences in means (Adjusted for baseline characteristics, classification factors, covariates and
some interactions). For continuous outcomes that didn’t violate the normality assumption, OLS
was used and for dichotomous correlated outcomes they used generalized estimating equations
with logit link function. The timing of the first subsequent birth was explored using proportional-
hazards analysis. For teaches’ reports of children’s classroom behavior, children’s representation
of aggressive behavior and parental warmth/empathy factors were obtained using principal com-
ponents analysis

G. Main Results

Women visited by nurses had fewer subsequent pregnancies (1.16 vs 1.38) and births (1.08 vs
1.28), longer intervals between births (34.28 vs 30.23), longer relationships with current partners
(54.36 vs 45 months), and since the previous follow up, fewer months of using AFDC (7.21 vs 8.96)
and FS (9.67 vs 11.50) than control group mothers. Nurse visited children were more likely to
have been enrolled in formal out of home care between 2 and 4.5 years (82% vs 74.9%). Children
visited by nurses demonstrated higher intellectual functioning (scores 92.34 vs 90.24) and receptive
vocabulary scores (84.32 vs 82.13) and fewer behavioral problems in the borderline or clinical range
(1.8% vs 5.4%). For the cases of mother with low levels of psychological resources, children had
higher achievement test scores, and expressed less aggression and incoherence in response to story
stems. No statistically significant effect on women’s education, duration of employment, rates of
marriage, being in a partnered relationship, behavioral problems related to alcohol or drug abuse

78



Table K.12: Summary of Olds et al. (2007), Memphis Trial

A. Paper Title

Effects of Nurse Home-Visiting on Maternal and child functioning: Age-9 Follow-Up of a Ran-
domized Trial

B. Period of Investigation

Data from assessments at time of registration in the program and 9 years of the child’s life.
However, whenever possible they use data from earlier phases

C. Sample Size

From the initially 743 primary black women randomize to comparison group 2 and treatment
group 4 (Core of posnatal evaluations), follow up assessments at child age 9 were completed by
91% of the mothers, school records were obtained for 88% of the children and achievement test
scores for 83% of the children.

D. Main Goal

To examine the impact of pregnancy and infancy home visits by nurses mothers’ fertility and
children development

E. Outcomes

Mothers: interval between births, number of children born per year, mothers’ stability of re-
lationships, use of welfare, FS and Medicaid, mother’s use of substances, mothers’ arrest and
incarcerations.
Child: academic achievement (GPAs, Tennessee Comprehensive Assessment Test), school conduct,
and mental disorders.
Secondary outcomes: women’s employment, experience of domestic violence and children’s mor-
tality

F. Methods

Differences in means (Adjusted for baseline characteristics, classification factors, covariates and
some interactions). For outcomes on which there are multiple assessments for each mother or
child, mixed models were used. This is the first time in this trial where they examined the full
longitudinal effects of some of the maternal outcomes. Quantitative dependent variables were
analyzed using OLS; and, dichotomous outcomes using logit model. Low-frequency outcomes
were analyzed in generalized linear models with negative binominal error and log link assumptions.
Factor analysis was used to summarize the information from children Social Competence Scale,
the Social Health Profile and the Teachers Observation of Child Adjustment revisited. 3 indices
were produced: antisocial behavior, academically focused behavior, and peer affiliation.

G. Main Results

Nurse-visited women had longer intervals between births, few cumulative subsequent births per
year, and longer relationships with current partners. From birth through child age 9, treated
mothers used AFDC and FS for fewer months. Nurse-visited children whose mothers have low
psychological resources, had better GPA and achievement test scores in math and reading in
grades 1 through 3. 79



Table K.13: Summary of Kitzman et al. (2010), Memphis Trial

A. Paper Title

Enduring Effects of Prenatal and Infancy Home Visiting by Nurses on Children: Follow-up of a
Randomized Trial Among children at Age 12

B. Period of Investigation

Data from assessments at time of registration in the program and 12 years of the child’s life

C. Sample Size

From the initially 743 primary black women randomized to comparison group 2 and treatment
group 4 (Core of posnatal evaluations), follow up assessments at child age 12 were abstracted for
613 children

D. Main Goal

To evaluate the impact of a nurse visiting program on 12-year-old first born children’s use of
substances, behavioral adjustment, and academic achievement

E. Outcomes

Use of cigarettes, alcohol, and marijuana;
Internalizing, externalizing and total behavior problems from parents’, teachers’ and children’s
reports.
Academic achievement.
Reading and math achievement using the Peabody Individual Achievement Tests (PIATS).
Reading and Math GPA from grade 1 to 6. Reading and Math from the Tennessee Comprehensive
Assessment Program (grade 1 to 6).
Arrests reported by mother and child

F. Methods

Differences in means (Adjusted for baseline characteristics, classification factors, covariates and
some interactions). For outcomes on which there are multiple assessments for each child (eg,
GPAs), mixed models were used. Quantitative dependent variables were analyzed using OLS; and,
dichotomous outcomes using logit model. Low-frequency outcomes were analyzed in generalized
linear models with negative binominal error

G. Main Results

Nurse-visited children reported fewer days of using cigarettes, alcohol, and marijuana and were less
likely to report the presence of internalizing disorders that met the borderline or clinical threshold
compared to the control group kids. Treated children born to mothers with low psychological
resources compared to the control group, had higher scores on PIATs, and on group-administered
standardized tests of math and reading. No statistically significant program effects were found on
children’s externalizing or total behavior problems
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Table K.14: Summary of Olds et al. (2002), Denver Trial

A. Paper Title

Home Visiting by Paraprofessionals and by Nurses: a randomized controlled trial

B. Period of Investigation

Time of registration in the program, and 36th week of pregnancy, and at 6, 12, 15, 21, 24 months
of the child’s life

C. Sample Size

1178 women invited, 735 enrolled and randomized. Control group (255), Paraprofessional group
(245), and Nurse group (235)

D. Main Goal

To evaluate the effectiveness of home visiting by paraprofessionals and by nurses as separate
means of improving maternal and child health when both types of visitors are trained with the
same program model

E. Outcomes

Mothers: Urine cotinine over the course of pregnancy; women’s use of auxiliary services during
pregnancy, subsequent pregnancies and births, educational achievement, labor market participa-
tion, and use of welfare.
Mother-infant reponsive interactions; family home environments.
Infants emotional vulnerability in response to a fear stimuli and low emotional vitality in response
to joy and anger stimuli; children’s language and mental development index (MDI), temperament
and behavioral problems

F. Methods

Differences in means (Adjusted for baseline characteristics, classification factors, covariates and
some interactions). Comparisons between nurse vs control and paraprofessional vs control. Quan-
titative dependent variables were analyzed using OLS; and, dichotomous outcomes using logit
model. For outcomes on which there are more than one observation in time (eg, maternal-child
interaction and home environment), repeated measures were used, adding a fixed factor for time
and random factor for individuals. The timing of subsequent pregnancy was analyzed with propor-
tional hazards analysis. Factor analysis of measures for maternal and infancy interaction identified
a single internally consisted factor: responsive interaction

G. Main Results

Mother-child pairs in the paraprofessional group in which the mother had low psychological re-
sources interacted with one another more responsively than the control group. There are no
statistically significant paraprofessional effects. Nurse-visited smokers, compared with the control
group women, had larger reductions in nicotine; by the index child second birthday, women visited
by nurses had fewer subsequent pregnancies; they delayed subsequent pregnancies for longer time,
and they worked more during the second year of index child life. Mother-child pairs in the nurse
group interacted with one another more responsively than the control group pairs. Nurse-visited
children exhibit less emotional vulnerability. Nurse-visited children born to women with low psy-
chological resources were less likely to exhibit low emotional vitality and language delays, and
had higher MDI scores. No statistically significant effects on mothers’ use of prenatal services,
educational achievement, use of welfare or their children behavior problems

81



Table K.15: Summary of Olds et al. (2004), Denver Trial

A. Paper Title

Effects of Home Visits by Paraprofessionals and by Nurses: Age 4 Follow-Up Results of a Ran-
domized Trial

B. Period of Investigation

Data from assessments at time of registration in the program and 48th months of the child’s life

C. Sample Size

From the initial 735 mothers randomized, 635 completed 4-y interviews, and 605 completed 4-y
child assessments

D. Main Goal

To evaluate the effects of prenatal and infancy home visiting by paraprofessionals and nurses from
child age 2 through age 4

E. Outcomes

Mothers: Subsequent pregnancies, participation in education and work, use of welfare, marriage,
cohabitation, domestic violence, mental health, substance abuse, and sense of mastery.
Mother-child interaction and home environment.
Children: tests of language and executive functioning, mother’s report of child externalizing be-
havior

F. Methods

Differences in means (Adjusted for baseline characteristics, classification factors, covariates and
some interactions). Comparisons between nurse vs control and paraprofessional vs control. Quan-
titative dependent variables were analyzed using OLS; and, dichotomous outcomes using logit
model. The timing of subsequent pregnancy was analyzed with proportional hazards analysis.
Principal component analysis was used to create factors from mothers and children externaliz-
ing behavior reports (one factor), cognitive tasks on children’s ability to sustain attention and
inhibitory control (single factor); examination of children’s ability to regulate their behavior and
emotion (two factors).

G. Main Results

In general, there are greater effects for paraprofessional-visited mothers than nurse-visited mothers,
while greater effects for children in nurse-visited families than in paraprofessional ones.
Paraprofessional: Women were less likely to be married (compared to control), work more and
reported better mental health and mastery, had fewer subsequent miscarriages and low birth
weight babies. Mother and Children in this group showed greater responsiveness and sensitivity;
and in cases of low levels of psychological resources they had home environments more supportive
of children learning.
Nurses: Women reported greater intervals between births, less domestic violence, and enrolled the
children less frequently in preschool. Children in this group and whose mothers had low levels of
psychological resources had home environments that were supportive for learning, more advance
language, superior executive functioning, and better behavioral adaptation.82



References

Anderson, M. J. and P. Legendre (1999). An empirical comparison of permutation meth-

ods for tests of partial regression coefficients in a linear model. Journal of Statistical

Computation and Simulation 62 (3), 271–303.

Bartlett, M. S. (1937, July). The statistical conception of mental factors. British Journal of

Psychology 28 (1), 97–104.

Beaton, A. E. (1978). Salvaging experiments: Interpreting least squares in non-random

samples. In D. Hogben and D. W. Fife (Eds.), Computer Science and Statistics: Tenth

Annual Symposium on the Interface, Washington, DC, pp. 137–145. U. S. Department of

Commerce, National Bureau of Standards.

Bolck, A., M. Croon, and J. Hagenaars (2008). Estimating latent structure models with

categorical variables: One-step versus three-step esimators. Political Analysis 12, 3–27.

Caldwell, B. M. and R. H. Bradley (1984). HOME observation for measurement of the

environment. Little Rock, AR: University of Arkansas at Little Rock.

Carneiro, P., K. Hansen, and J. J. Heckman (2003, May). Estimating distributions of treat-

ment effects with an application to the returns to schooling and measurement of the effects

of uncertainty on college choice. International Economic Review 44 (2), 361–422.

Croon, M. A. (2002). Using predicted latent scores in general latent structure models. In

G. A. Marcoulides and I. Moustaki (Eds.), Latent Variable and Latent Structure Models,

pp. 195–223. NJ: Lawrence Erlbaum Associates, Inc.

Cunha, F. and J. J. Heckman (2007, May). The technology of skill formation. American

Economic Review 97 (2), 31–47.

Cunha, F., J. J. Heckman, and S. M. Schennach (2010, May). Estimating the technology of

cognitive and noncognitive skill formation. Econometrica 78 (3), 883–931.

83



Eckenrode, J., M. Campa, D. Luckey, C. Henderson Jr., R. Cole, H. Kitzman, E. Anson,

K. Sidora-Arcoleo, J. Powers, and D. Olds. (2010). Long-term Effects of Prenatal and

Infancy Nurse Home Visitation on the Life Course of Youths 19-Year Follow-up of a

Randomized Trial. Arch Pediatr Adolesc Med. 1, 9–15.

Freedman, D. and D. Lane (1983, October). A nonstochastic interpretation of reported

significance levels. Journal of Business and Economic Statistics 1 (4), 292–298.

Frisch, R. (1938). Autonomy of economic relations: Statistical versus theoretical relations in

economic macrodynamics. Paper given at League of Nations. Reprinted in D.F. Hendry

and M.S. Morgan (1995), The Foundations of Econometric Analysis, Cambridge University

Press.

Haavelmo, T. (1944). The probability approach in econometrics. Economet-

rica 12 (Supplement), iii–vi and 1–115.

Heckman, J., R. Pinto, and P. Savelyev (2013). Understanding the mechanisms through

which an influential early childhood program boosted adult outcomes. American Economic

Review 103 (6), 768–806.

Kennedy, P. E. (1995, January). Randomization tests in econometrics. Journal of Business

and Economic Statistics 13 (1), 85–94.

Kitzman, H., D. Olds, R. Cole, C. Hanks, E. Anson, K. Arcoleo, D. Luckey, M. Knudtson,

C. Henderson Jr., and J. Holmberg (2010). Enduring Effects of Prenatal and Infancy

Home Visiting by Nurses on Children. Arch Pediatr Adolesc Med. 5, 412–418.

Kitzman, H., D. Olds, C. Henderson, C. Hanks, R. Cole, R. Tatelbaum, K. McConnochie,

K. Sidora, D. Luckey, D. Shaver, et al. (1997). Effect of prenatal and infancy home

visitation by nurses on pregnancy outcomes, childhood injuries, and repeated childbearing.

Jama 278 (8), 644–652.

84



Kitzman, H., D. Olds, K. Sidora, C. Henderson Jr., C. Hanks, R. Cole, D. Luckey, J. Bondy,

K. Cole, and J. Glazner (2000). Enduring Effects of Nurse Home Visitation on Maternal

Life Course: A Three-Year Follow-up of a Randomized Trial. Jama 283, 1983–1989.

Lehmann, E. L. and J. P. Romano (2005). Testing Statistical Hypotheses (3 ed.). New York:

Springer-Verlag.

Olds, D., C. J. Henderson, and T. R. (1994). Intellectual impairment in children of women

who smoke cigarettes during pregnancy. Pediatrics 93 (2), 221–227.

Olds, D., J. C. Henderson, R. Tatelbaum, and R. Chamberlin (1988). Improving the life-

course development of socially disadvantaged mothers: a randomized trial of nurse home

visitation. American Journal of Public Health 78, 1436–1445.

Olds, D., C. Henderson Jr, R. Chamberlin, and R. Tatelbaum (1986). Preventing Child

Abuse and Neglect: A Randomized Trial of Nurse Home Visitation. Pediatrics 78, 65–78.

Olds, D., C. Henderson Jr., R. Cole, J. Eckenrode, H. Kitzman, D. Luckey, L. Pettitt,

K. Sidora, P. Morris, and J. Powers (1998). Long-term Effects of Nurse Home Visitation

on Children’s Criminal and Antisocial Behavior: 15-Year Follow-up of a Randomized

Controlled Trial. JAMA, 1238–1244.

Olds, D., C. Henderson Jr, and H. Kitzman (1994). Does Prenatal and Infancy Nurse Home

Visitation Have Enduring Effects on Qualities of Parental Caregiving and Child Health at

25 to 50 Months of Life? Pediatrics , 93–89.

Olds, D., C. Henderson Jr, H. Kitzman, J. Powers, R. Cole, K. Sidora, P. Morris, L. Pettitt,

and D. Luckey (1997). Long-term Effects of Home Visitation on Maternal Life Course

and Child Abuse and Neglect: Fifteen-year Follow-up of a Randomized Trial. JAMA 8,

637–643.

85



Olds, D., C. Henderson Jr, R. Tatelbaum, and R. Chamberlin (1986). Improving the delivery

of prenatal care and outcomes of pregnancy: A randomized trial of nurse home visitation.

Pediatrics 77 (1), 16.

Olds, D., H. Kitzman, R. Cole, J. Robinson, K. Sidora, D. Luckey, C. Henderson Jr,

C. Hanks, J. Bondy, and J. Holmberg (2004). Effects of nurse home-visiting on ma-

ternal life course and child development: age 6 follow-up results of a randomized trial.

Pediatrics 114 (6), 1550.

Olds, D., H. Kitzman, C. Hanks, R. Cole, E. Anson, K. Sidora-Arcoleo, D. Luckey, J. C.

Henderson, J. Holmberg, a. Tutt, A. Stevenson, and J. Bondy (2007). Effects of Nurse

Home Visiting on Maternal and Child Functioning: Age Nine Follow-up of a Randomized

Trial. Pediatrics 120, 832–845.

Olds, D. and J. Korfmacher (1998). Maternal psychological characteristics as influences on

home visitation contact. Journal of Community Psychology 26 (1), 23–36.

Olds, D., J. Robinson, R. O’brien, D. Luckey, L. Pettitt, C. Henderson Jr, R. Ng, K. Sheff,

J. Korfmacher, S. Hiatt, et al. (2002). Home visiting by paraprofessionals and by nurses:

A randomized, controlled trial. Pediatrics 110 (3), 486.

Olds, D., J. Robinson, L. Pettitt, D. Luckey, J. Holmberg, R. Ng, K. Isacks, K. Sheff, and

C. Henderson Jr (2004). Effects of home visits by paraprofessionals and by nurses: age 4

follow-up results of a randomized trial. Pediatrics 114 (6), 1560.

Romano, J. P. and M. Wolf (2005, March). Exact and approximate stepdown methods for

multiple hypothesis testing. Journal of the American Statistical Association 100 (469),

94–108.

Soares, J. and C. Wu (1983). Some restricted randomization rules in sequential designs.

Communications in Statistics-Theory and Methods 12 (17), 2017–2034.

86



Thomson, G. H. (1934, May). Hotelling’s Method modified to give Spearman’s g. Journal

of Educational Psychology 25 (5), 366–374.

Westfall, P. H. and S. S. Young (1993). Resampling-Based Multiple Testing: Examples and

Methods for p-Value Adjustment. New York: John Wiley & Sons Inc.

87


	Appendices
	Memphis NFP Randomization Protocol
	Brief survey of the NFP Literature
	Summary of key Findings of the NFP Literature

	Assessment Instruments
	HOME
	KABC
	PPVT
	WISC-III
	CBCL
	MacArthur

	Permutation-based Inference and Multiple Hypothesis Testing
	Conditioning and Linearity

	Additional Baseline Tables
	Additional Inference Results: Unconditional Analysis and Addressing Attrition using Inverse Propensity Weights
	A Framework for Mediation Analysis 
	Mediation Methodology
	Three Step Procedure

	Mediation Specification Tests
	Skills and the Measurement System
	Additional Specification Tests for the Outcome Equations


	Oaxaca-Blinder Decomposition Results 
	Summary of Previous Analyses of NFP

