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Abstract

This paper presents evidence on early skill formation and parental investment
using an experimentally designed, home visiting program targeting
disadvantaged Irish families. Program effects from pregnancy to 18 months are
estimated using measures of parenting and child cognitive, noncognitive and
physical development. Permutation testing, a stepdown procedure, and inverse
probability weighting are applied to account for small sample size, multiple
hypothesis testing, and attrition. The program’s impact is concentrated on
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be offset within a relatively short timeframe, yet continued investment may be
required to observe child effects.
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Highlights:

RCT examining the impact of an early childhood program up to 18 months of age
Skill formation measured by cognitive, noncognitive and physical development
Parental investment measured by the home environment, beliefs and attachment
Permutation tests, stepdown procedure, and inverse probability weighting applied
Some identified effects on parenting, but no impact on early skill formation
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Investment in early childhood is increasingly recognized as a key policy mechanism for
ameliorating social disadvantage. Evidence from the few experimentally designed programs,
implemented in childhood but with long term follow-up, suggests positive effects into
adulthood including fewer behavioral problems and criminal convictions, lower dependency
on welfare, increased employment, and improved health (Olds et al. 1998; Heckman et al.
2010; Campbell et al. 2014; Kautz et al. 2014; Elango et al. 2015). Cunha and Heckman
(2007) and Cunha et al. (2010) present a model of skill formation demonstrating that early
skills facilitate the accumulation of later age skills, and these higher level skills make further
investment throughout the lifecycle more productive through a process of dynamic
complementarity (see Heckman and Mosso 2014). Little is yet known about the mechanisms
involved in producing these long-term effects (see however, Heckman et al. 2013 and
Heckman and Mosso 2014).

This paper presents empirical evidence on the nature of skill formation and parental
investment in the early years based on Preparing for Life (PFL), an experimentally designed,
home visiting program in Ireland targeting disadvantaged families. The program begins in
utero and continues until age 5 and thus has the potential to influence skill formation during a
period in which brain development is thought to be at its most malleable (Nelson 2000;
Knudsen et al. 2006). Based on a rich and extensive data set including child cognitive,
noncognitive and physical developmental outcomes and various dimensions of parental
investment, we investigate the early impact of the program on participating families during
infancy and toddlerhood. This allows us to identify the specific areas where effects from
targeted intervention programs manifest early in the lifecycle, thus investigating the

mechanisms involved in the early investment process.

The importance of the period from in utero to age 3 for the development of skills has
been highlighted in recent literature. Studies from neuroscience and epigenetics demonstrate
that the brain has higher plasticity at earlier ages, and that a child’s abilities and behaviors
have both a genetic and environmental component, and in particular, the environment can
play a role in shaping the developing brain (see Halfon et al. 2001; Wydner 1998; Weaver et
al. 2004; Heckman 2007). For this reason, many interventions have been designed to target
the first 1,000 days of life. Such interventions have been shown to be successful at improving
early cognitive skills (Barham et al. 2013; Heckman 2000), although fade-out has been found

in some cases (Heckman 2000). Heckman and Kautz (2012) note that the Perry Preschool
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Program resulted in favorable adult outcomes despite fade-out of early improvements in 1Q
scores. The authors argue that the long-term effects are driven by improvements in
noncognitive or character skills. Recent research has expanded the discussion by examining
the impact of early intervention on physical health. Barham et al. (2013) find no impact of
early intervention on the physical health of 10 year-olds, while Campbell et al. (2014) find
significant improvements in adult health outcomes. Thus, there is evidence that cognitive and
noncognitive skills, as well as physical health, can be impacted by early intervention.
However, the timing and mechanisms which generate such effects are not yet fully

understood.

One potential mechanism which may generate these effects is through changes in
parenting behavior. Parental decisions about investment in their children are the primary
mechanisms through which the fetal and early childhood environment can be enriched.
Hertwig et al. (2002) suggest that parental investment can be divided into at least three
categories and propose that material resources, cognitive stimulation and parental
interpersonal skills (e.g., affection and encouragement) may each serve divergent roles in the
transmission process to the child. Heckman and Kautz (2013) highlight the importance of
parenting qualities such as stimulation, attachment, and encouragement. Cunha et al. (2013)
suggests that mothers may vary with respect to their understanding of child development and
find that disadvantaged mothers have lower expectations of the returns to early life
investment. They estimate that policies which increase maternal knowledge about the
technology of skill formation could potentially augment child development. Currie (2001)
also discusses information failures among parents and highlights the role for government
intervention in assisting parents to make decisions about early childhood education.
Collectively, this evidence motivates the focus on parents as the first mechanism of change in
many early childhood interventions (E.g., Olds et al. 1998 with the Nurse Family Partnership
program; Sandner 2013 with the ProKind program).

The primary contribution of this study relates to the multiplicity of skills and
behaviors analyzed, as well as the frequency of assessment in infancy and toddlerhood. In
particular, given that abilities are often parsed into distinct dimensions, we separate early
outcomes into three categories: cognitive development, noncognitive development, and
physical development. In addition, we examine the tractability of parenting skills by

examining six dimensions of parental investment: physical environment, appropriate care,
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interactions with infant, maternal attachment, maternal self-efficacy and beliefs about
parenting. Thus, we contribute to the early intervention literature by measuring the
malleability of distinct child and parent outcomes during one of the most important
developmental phases of life.

We estimate the impact of PFL on parental investment and child skill formation by
applying statistical methods specifically tailored for the analysis of multiple outcomes at
multiple waves when using small samples. We present results from both classic t tests and
nonparametric permutation tests. Permutation tests do not make any distributional
assumptions and therefore produce valid p-values when distributions are skewed (Heckman
et al. 2010). Using the methodology of Romano and Wolf (2005) and Romano et al. (2010),
we utilize a stepdown procedure to adjust for the increased likelihood of false discoveries
when examining multiple outcomes using fixed p values for each hypothesis. We also
attempt to address differential attrition and non-response by applying inverse probability
weights (IPW) and we assess the internal validity of the results by testing for the presence of
contamination.

Estimating each treatment effect separately, we find significant program effects (at
the 10 percent level) for 17 percent of outcomes (6/35) at six months, 4 percent of outcomes
(1/23) at 12 months, and 18 percent of outcomes (5/28) at 18 months. While this is suggestive
of a positive program effect at 6 and 18 months, when a more rigorous stepdown method is
applied and the p-values are adjusted to account for the increased likelihood of a Type I error,
we find significantly fewer treatment effects. The stepdown results indicate that the treatment
effects are concentrated on parental investment decisions relating to the quality of the home
environment and the level of care mothers provide for their children. The weighted analysis
produces fewer significant treatment effects, yet the overall pattern of results is similar to the
unweighted case. Finally, we find limited evidence that the results are biased due to

contamination.

The rest of the paper is structured as follows. Section | reviews findings from studies
of home visiting programs examining early child development and parental investment
outcomes. Section Il describes the PFL intervention, the recruitment and randomization
procedure and the estimation sample. The econometric framework and outcomes assessed are

described in Section I11. The results are presented in Section 1V, and Section V concludes.



I. Home Visiting Programs and Early Outcomes

Family-focused approaches to early intervention have become increasingly popular
due to the growing awareness of the importance of parental behaviors on child development
(Brooks-Gunn et al. 2000). Table A.1 in Web Appendix A summarizes evidence from a range
of home visiting programs which examine child development and parenting outcomes up to
18 months of age.® All of the programs focus on similar mechanisms that promote child
development such as educating parents about developmental milestones and health,
encouraging a healthy lifestyle, affirming maternal perceptions of self-efficacy in the
parenting role, and encouraging positive parenting practices. Overall, there is limited
evidence in the literature of treatment effects on child development up to 18 months. Two
previous studies examine child development outcomes at 6, 12 or 18 months and statistically
significant treatment effects are found in just one case (Landsverk et al. 2002). A greater
number of studies examine parenting outcomes, yet few identify significant treatment effects.
Of the seven studies measuring parental investment at 6, 12 and 18 months, only two identify
significant favorable effects (Minkovitz et al. 2001; LeCroy and Krysik 2011).

None of the studies reviewed use methods that address sample size limitations. While
some have the advantage of larger samples (e.g., Duggan et al. 1999; Minkovitz et al. 2001;
Landsverk et al. 2002; Duggan et al. 2004; Johnston et al. 2004; Drotar et al. 2009), others
acknowledge the issue of small samples yet do not adapt their statistical approach (e.g.,
Koniak-Griffen et al. 2000; LeCroy and Krysik 2011). The problems associated with
hypothesis testing of multiple outcomes are largely ignored in this literature, with the
exception of LeCroy and Krysik (2011) who reduce the number of outcome variables
examined. Avellar and Paulsell (2011) note that few of the studies examined as part of
HomVEE review make corrections for multiple hypothesis testing and advise caution when
interpreting the significance of the findings. Similarly, none of the studies reviewed address
the issue of differential attrition and the potential bias that may result. To ensure
comparability with the existing home visiting literature, we present unweighted estimates in

this paper, which do not account for differential attrition, as our main results in Section IV.

! The source for this review was the Home Visiting Evidence of Effectiveness website (HomVEE; U.S.
Department of Health and Human Services 2009). As described in Paulsell et al. (2010), this site was launched
by the U.S. Department of Health and Human Services. In this paper we only consider studies examining
outcomes before and up to 18 months of age. Furthermore, we focus only on studies that were rated ‘high’
quality according to the HomVEE criteria.
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As a robustness check, we also present weighted estimates which account for observed

attrition patterns.

1. Preparing for Life

A. Treatment

PFL is a five-year program developed to improve social mobility in a multi-generation,
suburban community classified by welfare authorities as disadvantaged and consisting mainly
of welfare (or social) housing in Dublin, Ireland. The program was initiated and developed by
community representatives and local health and education service providers to improve
children’s early skill formation.? The intervention begins during pregnancy and continues
until the child starts formal schooling at age 4/5. The program is evaluated using a
randomized control trial (RCT) design in which all families who consented to take part were

randomly assigned to either a high or a low level of treatment.

High Treatment - Home Visiting Program

Participants in the high treatment group avail of a home visiting mentoring program. The aim
of this program is to support and provide education to parents on key child rearing issues
through developing a strong parent-mentor relationship (Preparing for Life and The
Northside Partnership 2008). The home visits start in the prenatal period, as soon as the
participant joins the program (at ~21 weeks), and continues until school entry. Home visiting
is a widely used form of early intervention which provides parents with information,
emotional support, access to other community services, and direct instruction on parenting
practices (Howard and Brooks-Gunn 2009). The program shares some similarities with the
Nurse Family Partnership program (Olds et al. 1997), but it is longer in duration and the

visits are provided by mentors rather than nurses.

Mentors

2 Doyle and McNamara (2011) find that prior to the introduction of PFL, children from the catchment area were
rated by teachers to be below the norm at school entry across all five domains on the Short Early Development
Instrument (EDI) including children’s physical health and wellbeing, social competence, emotional maturity,
language and cognitive development, communication and general knowledge. Note that the S-EDI norm is
based on a representative sample of Canadian children (Janus and Duku 2005). There is no Irish norm for the
short-form of the EDI.

7



The professional qualifications of the mentors vary and include education, social care, youth
studies, psychology, and early childcare and education. Each mentor completed extensive
training prior to program implementation and weekly supervision thereafter. The role of the
mentor is to build a good relationship with parents, provide them with high quality
information and to be responsive to issues that arise. The mentors focus on five general areas
related to child development: 1) pre-birth, 2) nutrition, 3) rest and routine, 4) cognitive and
social development, and 5) mother and her supports. These areas were selected during the
development phase as they were highlighted as areas of need in this community. The same

mentor is assigned to each family over the course of the intervention when possible.

Content
The home visits are tailored based on the age of the child and the needs of the family and are
guided by a set of 178 Tip Sheets which present best-practice information on pregnancy,
parenting, and child health and development. The Tip Sheets are colorful representations of
information presented in a clear, concise manner and were developed by PFL staff based on
available information from local organizations such as the Health Service Executive, the
Department of Health and Children, and Barnardos Children’s Charity. The Tip Sheets are
designed at a reading level of a 12 year-old to make them as accessible as possible. The Tip
Sheets are given to the participant after discussion with the mentor and remain with the
participant to serve as an on-going parenting resource. It is intended that all participants must
have received the full set of Tip Sheets by the end of the program. While some of the Tip
Sheets promote multiple aspects of school readiness, the majority of the Tip Sheets focus on
physical health and well-being (n = 105), followed by social competence and emotional
maturity (n = 60), approaches to learning (n = 30), language (n = 25), and cognitive skills (n
=22).2

Participants in the high treatment group can also avail of baby massage through
individual or group sessions with one of the mentors until their baby is approximately 10
months old. There are three individual baby massage sessions and four group-based baby

massage sessions, followed by a refresher session.

Dosage

3 Note that these figures do not sum to 178 as some Tip Sheets are classified in more than one domain. An
example of a Tip Sheet can be found in Web Appendix A.
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The mentors visit the family home twice monthly for between 30 minutes and 2 hours.
Originally, it was anticipated that each family would receive a weekly home visit. However,
early on in the implementation process it became evident that weekly home visits were not
feasible for all families. Therefore the program changed this weekly requirement, such that
the frequency of the visits depends on the needs of the families, with the majority of families
receiving fortnightly visits, and some monthly. Participants were prescribed 49 home visits
between program entry during pregnancy and when the children were 18 months of age. On
average, participants received 29 home visits during this period which represents 60% of
prescribed visits and is consistent with other home visiting programs (Gomby et al. 1999).*
Table 1 documents prescribed and realized engagement in the program at six monthly
intervals. It shows that the number of home visits realized was largely consistent in each
period, yet less than prescribed. ® A previous study on fidelity within the PFL program using
qualitative data (Lovett et al. 2016) identified a number of challenges to early engagement in
the program generated by cultural and familial barriers to implementation and
misconceptions about program aims. Yet as the program progressed, there was a
strengthening of the parent-mentor relationship which was facilitated by building mutual

rapport and tailored program delivery.

4 To investigate the predictors of dosage, we examined the relationship between the number of home visits
received and 22 socio-demographic and maternal psychosocial characteristics collected at baseline using an
OLS regression. We found that 6 of the 22 characteristics had a significant impact on the number of visits.
Specifically, mothers who joined the program earlier in pregnancy, mothers with higher cognitive skills, and
mothers with greater knowledge of infant development had more home visits since joining the program.
Whereas mothers who were married, saved regularly, and smoked during their pregnancy had fewer home visits
by 18 months. Thus the results are mixed, in some cases better characteristics are predictive of more home
visits, but the converse is also true.

5 Note that 18 of the 115 participants randomized to the high treatment group did not receive any home visits at
all. None of these participants took part in the assessments at baseline, 6, 12 or 18 months. Despite this initial
dropout, the high and low treatment groups remained balanced as the baseline assessment (see Section I1.B).
Our analysis is an intention-to-treat analysis as the actual dosage received by each participant may be less than
prescribed. Despite this initial dropout, the high and low treatment groups remained balanced as the baseline
assessment (see Section 11.B).
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Table 1 — Prescribed and Realized Engagement in PFL Home Visits

Prenatal Birth 6 Months 12 Months Total
birth 6 months 12 Months 18 Months

Prescribed number of 10 13 13 13 49
home visits (bi-
monthly)
Prescribed frequency Bi-monthly Bi-monthly Bi-monthly Bi-monthly Bi-monthly
of home visits
(bi-monthly)
Prescribed length of 30mins-2hrs 30mins-2hrs 30mins-2hrs 30mins-2hrs 30mins-2 hrs
home visits (bi-
monthly)
Realized number of 6.6 (4.4) 8.2 (3.8) 7.6 (3.7) 7.13.7) 29.5(13.1)
home visits 0-32 0-19 0-17 0-21 4-66
% of prescribed 72.4 (46.6) 62.5 (29.4) 58.6 (28.7) 54.8 (28.1) 60.3 (25.4)
home visits realized 0-350 0-146 0-130 0-162 8-137
Realized length of 55.8 (18.7) 59.1 (13.4) 57.9 (13.4) 58.5 (15.6) 58.9 (8.9)
home visits (mins) 0-111 0-90 0-90 0-105 40.5-82.3
Realized duration of 6.3 (4.1) 8.3(4.2) 7.8 (3.9) 7.2 (3.8) 29.3 (13.5)
home visits (hours) 0-18 0-19 0-18 0-19 3-57

Note: The table presents the mean, standard deviation in parentheses, and the minimum and maximum values.
These statistics are calculated for high treatment participants included in the 18 month estimation sample

(n=80).

Common Intervention Components

Both the high and low treatment groups are offered the following supports:

Developmental Materials

Families in both groups receive developmental packs annually to the value of approximately
€100pa. By the time the study child had reached 18 months of age, participating families had
received the first and second development packs. The first developmental pack includes a
number of safety items, such as corner guards, angle latches, and heat sensitive spoons, plus a
baby gym/play mat. The second pack includes developmental appropriate toys such as

puzzles, activity toys, and bricks.

Public Health Workshops
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Both groups are encouraged to attend public health workshops which are already operating in
the community. The Stress Control Program, which is run by external facilitators, involves
six one-hour weekly sessions which focus on enabling individuals to identify how they
consciously and subconsciously feed their stress, as well as describing what stress is, and the
indicators of stress. The program also teaches techniques and strategies to manage stress.
Participants receive a set of booklets and a relaxation CD.

Both groups are also invited to participate in the Healthy Food Made Easy program,
which is facilitated by one of the PFL mentors and involves six two-hour sessions. The aim
of the program is to improve nutritional knowledge, attitudes and behavior by learning about
basic nutritional theories and participating in practical cookery sessions. It is a peer led
program which emphasises group learning through discussion, worksheets and hand-outs,
quizzes, problem solving games, food preparation and cookery.

Access to a Support Worker and Other Supports

All participants in the high and low treatment groups receive a directory of local services and
have access to a PFL support worker who can help them connect to additional community
“services as usual” if needed. The service provided to the low treatment group is operated
from the PFL centre by a support worker who is not trained to provide advice on child
development or parenting. For the high treatment group, the mentor’s role subsumes the
support worker’s responsibilities. Details about PFL coffee mornings and other community
events are sent via group text or Facebook messenger. Finally, both treatment groups receive
a framed professional photograph of their child, as well as program newsletters and special
occasion (e.g., birthday) cards.

By comparing the high and low treatment groups, it is possible to extract the
differential impact of the home visiting component, layered on top of the low treatment
supports. There could be an element of complementarity between the basic set of provisions
delivered to both groups and the additional supports delivered to the high treatment group
only. Therefore, we cannot infer that the estimated treatment effects would be replicated in
the absence of the common set of provisions. Figure B.1 in Web Appendix B summarizes the
components of the low and high treatments, and Doyle (2013) discusses the PFL program and

evaluation design in greater detail.
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B. Recruitment and Randomization

Recruitment took place between 2008 and 2010. The inclusion criteria included all
pregnant women living in the PFL catchment area, regardless of parity or family background.
There were no exclusion criteria. Participation was voluntary and eligible candidates were
identified using maternity hospital records and self-referral in the community. A total of 233
pregnant women consented to participate. ©® A computerized unconditional probability
randomization procedure assigned 115 participants to the high treatment group and 118 to the
low treatment group.” No stratification or block techniques were used.

To test the validity of the randomization procedure, a baseline survey was
administered to 205 (high =104; low = 101) participants post-randomization, yet before
treatment began.® Seventy-four baseline variables were analyzed using permutation testing
(the method is described in detail in Section 111.B) for the 3 estimation samples included in
the 6, 12, and 18 month analyses. No significant differences between the high and low
treatment groups were found on between 92-97% of measures (depending on the estimation
sample examined), using the 10% cut-off for significance. Furthermore, when we group the
baseline measures into 5 categories for joint hypothesis testing, we fail to reject the null

hypothesis of joint significance for any of these categories. This indicates that the

& This represents a recruitment rate of 52 percent based on public health records on the number of live births in
the community during the recruitment window. 22 percent of potential participants were not identified for
recruitment and 26 percent were identified but could not be contacted for a final acceptance, or were contacted
and refused to join the program. A socio-demographic profile survey was conducted with a sample of eligible
non-participants (n=102) when their children were 4 years old. The survey asked participants about their current
socio-demographics and also their socio-demographics when they were pregnant with the eligible study child
during the recruitment window. There is some evidence to suggest that the eligible non-participants are of a
higher socioeconomic status than the participants who joined the program. This suggests that the program was
effective in targeting the families most in need of the intervention.

" PFL participants were randomized after informed consent was obtained. To ensure randomization was not
compromised, a computerized randomization procedure was used whereby the participant pressed a key on a
computer which randomly allocated her treatment assignment. Once assignment was complete, an email was
generated which included the participant’s unique ID number and assignment condition. This email was
automatically sent to the PFL program manager and the evaluation manager. If there were any attempts to
reassign participants from one group to another, by either directly changing the database or repeating the
randomization procedure, a second email would automatically highlight this intentional subversion. This
preventative measure was important given the evidence of compromised randomization in some of the most
influential early childhood interventions such as the Perry Preschool Program (Heckman et al. 2010).

8 A total of 28 randomized participants (low = 17; high = 11) were not assessed at baseline. Of these, 19
participants (low=13; high=6) elected to withdraw from the program before the baseline interview, 2
participants (low= 1; high=1) miscarried before completing the baseline interview, 5 participants (low = 2; high
= 3) missed the baseline interview and did not participate in any subsequent assessments, and 2 participants
(low=1; high=1) missed the baseline interview but participated in later assessments. An analysis of a subset
(N=12) of these early program exits who agreed to provide limited data suggests they did not differ on age,
education, employment, financial status and support from family and friends, however the sample is too small to
make any formal inference on this group.
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randomization process was generally successful. Full descriptive tables, including all the

measures in the baseline analysis, are available in Web Appendix C.

In order to investigate the impact of the program during the early stages of infancy,
which has received limited attention in the economic literature, this paper uses data from the
baseline, six, 12, and 18 month assessments. Trained interviewers, who were blinded to the
treatment condition, collected data through face-to-face interviews conducted primarily in the
participant's home using computer-assisted personal interviewing. The structure and design
of the questionnaires were varied from wave to wave to assuage respondent fatigue, and,
where possible, the repetition of identical questions was avoided in two consecutive
interviews. For example, for the parenting measures, the same instruments were never used

consecutively.

C. Participant Profile

Table 2 provides baseline descriptive statistics for the estimation sample available at each
wave.® The participating mothers were 26 years old on average, and 21 weeks pregnant when
they joined the program. Approximately 40 percent were employed, over 80 percent had a
partner, and almost half were first time mothers. Over one-quarter indicated that they had a
mental health condition, and with respect to substance use during pregnancy, one half of
participants smoked and just over a quarter drank alcohol. The participants have a low level
of formal education compared to the national average.'® Using a more refined measure of
cognitive capacities, the average level of maternal 1Q was approximately 82 using the
Wechsler Abbreviated Scale of Intelligence (Wechsler 1999) which is below the lower bound
on the expected population average range of between 85 and 115. Table 2 also demonstrates
that the estimation samples are balanced at each time point.

To place the PFL sample in context, we compare our sample with the nationally

representative Growing up in Ireland (GUI) - Nine Month Cohort Study, which was

® Note that although the sample size for the high treatment group is 82 at both six and 12 months, the
composition of the samples are not identical as individuals who missed a survey at one data collection point
could reengage at later waves.

10 Approximately 30 percent indicate that their highest level of education was the Junior Certificate (an Irish
statewide examination which is completed at 15 to 16 years of age following approximately three years of high
school) or lower, which is effectively minimum compulsory schooling. This compares with an age-cohort
completion rate of high school of 74 percent. Thus, the dropout rates from high school are almost three times the
national average.
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administered to 11,134 households (or one third of all nine-month old infants living in
Ireland) during the period September 2008 to April 2009. The GUI parents were five years
older on average when pregnant with the study child than PFL parents, with education levels
in line with expected national averages. Approximately 11 percent of GUI parents report
either a physical or mental health condition, which is considerably lower than the PFL sample.
A much smaller proportion of the GUI sample indicated that they smoked during pregnancy
(18 percent versus 50 percent), yet the proportion of respondents who drank alcohol during
pregnancy was similar to PFL. A much higher proportion of the GUI sample were married
(68 percent versus 16 percent), while the percentage that indicated having either a partner or
spouse was similar to the PFL sample (88 percent versus 81 percent). Overall, this
comparison highlights that the PFL cohort reflects a relatively disadvantaged sample when
compared with national averages, with significant differences in self-reported and objective
health behaviors.!! A detailed comparison of the GUI and PFL samples is presented in Table
C.7 in Web Appendix C.

1 The GUI data are collected when children are aged 9/10 months and 36 months. We will conduct an outcome
comparison with GUI when the PFL 36 month surveys are completed.
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Table 2 — Baseline Comparison of High/Low Treatment Participants

6 Month Sample

12 Month Sample

18 Month Sample

High Low High Low High Low

Treatment Treatment 0 Treatment Treatment 0 Treatment Treatment o)
Mean Mean P Mean Mean P Mean Mean
(SD) (SD) (SD) (SD) (SD) (SD)

Weeks breanant &t broaram entr 21.78 21.18 0.594 21.84 21.17 0.566 21.93 21.32 0.608
preg prog y (7.83) (6.87) (7.88) (7.02) (7.93) (6.62)

Age 25.67 25.69 0.987 25.87 25.13 0.437 25.93 25.56 0.709
g (5.76) (6.04) (6.01) (6.02) (5.91) (6.10)

Married 0.16 0.17 0.861 0.16 0.16 1.000 0.16 0.15 0.842
(0.37) (0.38) (0.37) (0.37) (0.37) (0.36)

Has partner (including married) 0.80 0.83 0.654 0.82 0.83 0.839 0.79 0.82 0.595
P g (0.40) (0.38) (0.39) (0.38) (0.41) (0.39)

Living with parent() 0.55 0.45 0.197 0.54 0.48 0.438 0.54 0.47 0.379
gwith p (0.50) (0.50) (0.50) (0.50) (0.50) (0.50)

First time mother 0.52 0.46 0.408 0.51 0.49 0.757 0.53 0.47 0.467
(0.50) (0.50) (0.50) (0.50) (0.50) (0.50)

Low education 0.29 0.36 0.355 0.30 0.30 1.000 0.30 0.34 0.577
(0.46) (0.48) (0.46) (0.46) (0.46) (0.48)

Emoloved 0.43 0.40 0.769 0.43 0.43 1.000 0.43 0.41 0.862
ploy (0.50) (0.49) (0.50) (0.50) (0.50) (0.50)

Qe 82.52 80.60 0.335 83.11 81.54 0.429 83.32 82.04 0.521
(12.94) (13.14) (12.60) (12.75) (12.35) (12.16)

Saves reaularl 0.50 0.53 0.715 0.50 0.55 0.535 0.49 0.53 0.566
gufarly (0.50) (0.50) (0.50) (0.50) (0.50) (0.50)

Resides in bublic housin 0.54 0.56 0.742 0.54 0.55 0.876 0.55 0.53 0.846
P g (0.50 (0.50) (0.50) (0.50) (0.50) (0.50)

brior ohvsical health condition 0.76 0.64 0.102 0.76 0.65 0.126 0.75 0.63 0.110
Py (0.43) (0.48) (0.43) (0.48) (0.44) (0.49)
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. . 0.27 0.26 0.885 0.28 0.26 0.727 0.26 0.26 0.975
Prior mental health condition (0.45) (0.44) (0.45) (0.44) (0.44) (0.44)
Smoked during pregnancy before 0.51 0.49 0.817 0.51 0.46 0.535 0.51 0.47 0.566
enrolment (0.50) (0.50) (0.50) (0.50) (0.50) (0.50)
Alcohol during pregnancy before 0.27 0.25 0.754 0.29 0.26 0.602 0.29 0.27 0.854
enrolment (0.45) (043) (0.46) (0.44) (0.46) (0.45)
Drugs during pregnancy before 0.01 0.03 0.355 0.01 0.01 1.000 0.01 0.01 0.948
enrolment (0.11) (0.18) (0.12) (0.11) (0.11) (0.12)
N 82 89 82 82 80 73

Note: 2The Weschler Abbreviated Scale of Intelligence (WASI) was used to measure maternal 1Q at 3 months postpartum rather than baseline. @ two-tailed p-value
calculated from a t-test.
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D. Attrition and Non-response.

Figure 1 describes the progression of the PFL participants from program entry until
18 months. After the study began, there were non-negligible dropouts. The 18 month
assessment captured 70 percent of the originally randomized high treatment group (80/115)
and 63 percent of the originally randomized low treatment group (74/118).

On average, 30 percent of the high treatment group (35/115) and 37 percent of the
low treatment group (44/118) had either officially dropped out of the program or did not
participate in one of the follow-up assessments between baseline and 18 months. The
majority of dropout occurred before 6 months. In comparing the characteristics of individuals
who did and did not complete a follow up interview (described in detail in Web Appendix D)
some patterns did emerge. Specifically, in the high treatment group, mothers with missing
outcome data appear to be a relatively more disadvantaged group. For example, maternal
employment, the level of support that mothers receive from friends and family, and mothers’
consideration of future consequences were inverse predictors of missing data. The results for
the low treatment group were more mixed. For example, at six and 12 months, mothers who
had achieved more than minimum schooling were significantly less likely to have missing
data. However, mothers who had used child and family services in the community at baseline,
and mothers with more children were also less likely to have missing data at 6 months. While
at 12 months, teen mothers were also significantly less likely to have missing outcome data.
Therefore, the pattern of missingness at 6 and 12 month is mixed. At 18 months, however,
the participants in the low treatment group who were most likely to have missing data appear
to represent a more advantaged group. For example, mothers who indicated that they did not
have difficulty making ends meet, were employed, had taken folic acid supplements during
pregnancy and were satisfied with their neighborhood were more likely to have missing 18
month outcome data.

Despite these patterns of attrition and missingness, as shown in Table 2, the groups
remain balanced on baseline characteristics across each of the three waves. Specifically, no
statistically significant baseline differences emerge for the 6, 12 or 18 month estimation
samples. This analysis is further expanded in Tables C.1-C.6 in Web Appendix C. The
inverse probability weighting (IPW) technique was used in an attempt to address the potential
bias that this attrition or missing data may introduce and is described in detail in Web
Appendix D.
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Figure 1 Flowchart of Program Participation, Attrition, and Non-response

PFL
Randomized (n = 233)

A 4

\ 4

Low Treatment Group

High Treatment Group

118
) 4
Baseline
Interviews conducted (n = 101, 86%)
Dropouts (n= 10, 8%)
Missed Interviews (n= 7, 6%)

115
\ 4
Baseline
Interviews conducted (n = 104, 90%)
Dropouts (n= 7, 6%)
Missed Interviews (n= 4, 3%)

\ 4

\ 4

6 Months After Birth
Interviews conducted (n = 90, 76%)
Dropouts (n= 16, 14%)
Missed Interviews (n= 12, 10%)

6 Months After Birth
Interviews conducted (n = 83, 72%)
Dropouts (n= 22, 19%)
Missed Interviews (n=10, 9%)

4

\4

12 Months After Birth
Interviews conducted (n = 83, 70%)
Dropouts (n= 17, 14%)
Missed Interviews (n= 18, 15%)

12 Months After Birth
Interviews conducted (n = 82, 71%)
Dropouts (n= 23, 20%)
Missed Interviews  (n= 10, 9%)

\ 4

\ 4

18 Months After Birth
Interviews conducted (n = 74, 63%)
Dropouts (n= 19, 16%)
Missed Interviews (n= 25, 21%)

18 Months After Birth
Interviews conducted (n = 80, 70%)
Dropouts (n= 22, 19%)
Missed Interviews  (n= 13, 11%)
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I11. Econometric Framework

A. Estimation Model and Outcome Measures
This study adopts an intention-to-treat analysis and is evaluated using an RCT. The

standard model of program evaluation describes the observed outcome Y; of participant i € |
by
Q) Yi=DiYi(1) + (1 - Di)Yi(0)

where | = {/...N} denotes the sample space, D; denotes the treatment assignment for
participant i (Di= 1 for the intention-to-treat sample , Di= 0 otherwise) and (Yi(0), Yi(1)) are
potential outcomes for participant i. We test the null hypothesis of no treatment effect. H-1:
E[Y;|D =1] = E[Y;| D = 0].

Various standardized psychometric scales were administered at each data collection
wave. We examine 53 outcome measures related to child development (15 measures) and
parental investment (38 measures). In general, the same instruments were used to measure
child outcomes at each wave. However, the parenting instruments were varied from wave to
wave. Web Appendix E describes each of the standardized scales in detail. The following
child development instruments are used: the Ages and Stage Questionnaire (ASQ), the Ages
and Stages Questionnaire: Social-Emotional (ASQ:SE), an assessment of difficult
temperament based on the Infant Characteristics Questionnaire, the MacArthur-Bates
Communicative Development Inventories: Words and Gestures, Short Form (CDI-WG), the
Brief Infant-Toddler Social and Emotional Assessment (BITSEA), the Temperament and
Atypical Behavior Scale (TABS), and finally the Developmental Profile 3, Cognitive Section
(DP-3).

Parental investment is examined using the following standardized scales: the Parental
Cognition and Conduct Towards the Infant Scale (PACOTIS), the Adult Adolescent
Parenting Inventory 2 (AAPI-2), the Knowledge of Child Development — Short Form (KIDI-
SF), Parental Locus of Control (PLOC), the Parenting Daily Hassles Scale (PDH),
Parenting Stress Index (PSI), Condon Maternal Attachment Scale (CMAS), Maternal
Separation Anxiety Scale (MSAS), a measure of parental interactions based on the activities
scales used in the Early Head Start Research and Evaluation Project, the Framingham Safety
Survey (FSS), the Infant-Toddler version of the Home Observation for Measurement of the

Environment (HOME), the Supplement to the HOME Scale for Impoverished Families
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(SHIF), and two indicators of whether the mothers reads to her child and how often she reads
to her child. The reliability of these predominantly self-reported instruments is discussed in

the results section.

B. Permutation Testing
Although the RCT design in (1) is a simple specification, the use of traditional t tests for
hypothesis testing may not be viable given the small sample size and the likely non-normality
of the data. Permutation methods do not depend on distributional assumptions and thus
facilitate the estimation of treatment effects in small samples. While our analysis replicates a
few recent studies of an early childhood intervention using this approach (Heckman et al.

2010; Campbell et al. 2014), it is not yet extensively used in the policy evaluation literature.

A permutation test relies on the assumption of exchangeability under the null
hypothesis (see Good 2005). The observed t-statistic is recorded and compared to the
distribution of t-statistics that result from multiple, random permutations of the treatment
label.*? Upton (1992) reviews the literature which shows that the mid-p-value is more
suitable when dealing with discrete data; therefore we report the right-sided, mid-p-value,
which is calculated as:

2) MP(t) = P(¢t* > t) + 0.5P(t* = ©)

where P(.) is the probability distribution, t* is the randomly permuted t-statistic, and t is the
observed t-statistic. We use one sided (right tailed) p-values in order to test whether the high
level treatment is having a favorable effect on child and parenting outcomes compared to the
low level treatment. We use one-sided tests as we are testing the hypothesis that the program
has a positive impact on outcomes and the use of one-sided tests is consistent with other
studies which evaluate early childhood interventions and use permutation tests for hypothesis
testing (e.g., Conti et al. 2015; Campbell et al. 2014; Gertler et al. 2014; Heckman et al.
2010). Due to the small sample size, the accepted Type | error rate is set at the 10 percent

level.

12.100,000 replications are permuted using Monte Carlo resampling in our analyses.
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C. The Stepdown Procedure

Conducting permutation tests for each of the 53 outcomes increases the likelihood of a
Type | error (rejecting a null hypothesis when it is in fact true) and studies of RCTs have
been criticized for overstating treatment effects as a result of this ‘multiplicity’ effect (Pocock
et al. 1987). To address this problem, methods have been developed which control the
Family-Wise Error Rate (FWER), the probability of rejecting at least one true null hypothesis
at a pre-determined level, a (Romano et al. 2010). This procedure adjusts the p-values
associated with each individual test to account for the effect of testing multiple outcomes.

The stepdown procedure involves placing each measure in a family of related
outcomes and calculating a test statistic for each null hypothesis in the family of outcomes -
we use the t-statistic. The test statistics for each measure are then placed in descending order
within each family. Using the permutation testing method described above, the largest
observed t-statistic is compared with the distribution of the maximal permuted t-statistics. If
the probability of observing this statistic by chance is high (p > 0.1) we fail to reject the joint
null hypothesis that the high treatment has no impact on any outcome in the family of
hypotheses being tested. On the other hand, if the probability of observing this t-statistic is
low (p < 0.1), we reject the joint null hypothesis and proceed by excluding the most
significant hypothesis and testing the subset of hypotheses that remain for joint significance.
This process of dropping the most significant hypothesis continues until the resulting subset
of hypotheses fails to be rejected, or only one hypothesis remains. ‘Stepping down’ through
the hypotheses in this manner allow us to isolate the hypotheses that lead to rejection of the
null. This method is superior to the well-known Bonferroni adjustment method as it accounts
for interdependence across outcomes. The Romano and Wolf (2005) method uses a weaker
assumption than other established stepwise methods (Benjamini and Hochberg 1995;
Westfall and Wolfinger 1997) — monotonicity with respect to the critical values. This ensures
that the largest unadjusted p-value corresponds to the largest adjusted p-value (Heckman et al.
2010).

The 53 outcome measures are placed into a number of stepdown families for the
purposes of analysis. The outcomes included in each family should be correlated and
represent an underlying construct.*® Table F.1 in Web Appendix F shows the stepdown

families and the individual measures included in each, and Tables 3-6 in the following

13 Note that outcomes derived from the same measure should not be included in the same family (e.g., the total
score on a standardized instrument may not be included alongside the subdomains of that instrument).
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sections are organized accordingly. Note that the composition of the stepdown families vary

from wave to wave as, in some cases, different instruments were used at different waves.

Utilizing each of the subdomains of the child development instruments, we derive
three stepdown families representing the main skill sets of children at 6, 12, and 18 months —
cognitive development, noncognitive development, and physical development. The cognitive
development stepdown family captures the children’s communication and vocabulary skills,
as well as their problem-solving abilities, and general cognitive development. The
noncognitive development stepdown family captures the children’s socio-emotional skills,
temperament, and behavior. The physical development stepdown family captures the

children’s gross and fine motor skills.

Similarly, utilizing each of the subdomains of the parenting instruments, we derive six
stepdown families at 6 months, two at 12 months, and five at 18 months. The stepdown
families represent key areas of parental investment including the quality of the home
environment provided, appropriate caregiving, parental interactions, parental attachment,
parental self-efficacy, and parental beliefs. We selected these areas to best capture aspects of
parenting which have been highlighted in Cunha et al (2013), Currie (2001), Heckman and
Kautz (2013), and Hertwig et al. (2002) to be important for child development.

D. Inverse Probability Weighting
Due to attrition and non-response, the estimation sample sizes differ at each data
collection point. In an attempt to address any bias that attrition, wave non-response or item
non-response may introduce®*, we test the robustness of the main analysis using an inverse

probability weighting (IPW) technique. Adapting from the description in Campbell et al.

14 While the deg