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Abstract

How do parental behaviors at different stages of childhood causally shape a child’s teenage
outcomes? This paper estimates the causal impacts of observed parental behaviors (mar-
riage/cohabitation, employment, welfare receipt, substance use, and criminal activity) on cog-
nitive ability and on teenage educational attainment, substance use, and criminal behavior
among fragile families. I jointly estimate a dynamic model of parental behaviors, child cog-
nitive skill production, and teenage outcome production using data from the Fragile Families
and Child Wellbeing Study. The model accounts for theoretically relevant and empirically
tested exclusion restrictions, and permanent and time-varying family unobserved heterogene-
ity. A key finding is that parental behaviors shape teenage outcomes primarily through direct
behavioral pathways rather than through cognitive skill formation, suggesting that policies
aimed solely at boosting cognitive test scores are unlikely to undo the long-run damage of
adverse parental trajectories: relative to more stable trajectories, sustained marital instability
and economic disadvantage each increase adverse outcomes (school suspension, police contact,
and early sexual initiation) by at least 8 percentage points. Three policy experiments, in-
volving a sin tax, father-marriage promotion, and peer-environment upgrades, illustrate that
sustained, multi-dimensional interventions in early childhood and adolescence offer the great-
est potential for improving long-run outcomes in fragile families. Consistent with Heckman’s
critical-window hypothesis, sustaining paternal co-residence through age five reduces grade
failure and school suspension by at least 3.4 percentage points, an effect that vanishes once
the same intervention begins only after this window has closed.
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1 Introduction

Family structure in the United States has transformed over the past four decades. A notable change
is the increase in the number of children born to unwed parents. This trend has resulted in many
children being born to disadvantaged women (i.e., women who are racial minorities, and/or poor,
and/or lower educated), thereby giving rise to the concept of ‘Fragile Families’. Children born into
such families often live with either a single mother or a mother who is living with a partner to whom
she is not married or is not the biological father of the child. In the 1980s fewer than 20 percent of
children born each year in the United States were born to unmarried women. However, since 2007,
this figure has more than doubled, with the trend remaining consistently above 40 percent (Craigie
et al., 2012). Fragile families are mostly characterized by family instability, parental incarceration,
substance use disorders, and fewer parental resources compared to married parents (Osborne and
Berger, 2009; Wildeman and Western, 2010; Waldfogel et al., 2010). Approximately 50 percent of
fathers in a fragile family have at least one of the following risk factors: physical abuse, substance
use disorder and incarceration (Waller and Swisher, 2006).

Parental involvement in a child’s life is foundational to healthy development (Cunha and Heck-
man, 2007). Family inputs have been proven to contribute significantly to improving educational
and cognitive outcomes and reducing incidence of criminality for minor offenses (Todd and Wolpin,
2003; Akee et al., 2010). Yet the effects of parental inputs are not uniform across childhood. Recent
evidence shows that the timing and sequencing of parental input matter as much as their magni-
tude or level, and the parental behavioral trajectories sustained across the developmental period is
what ultimately shapes children’s schooling, earnings, and wellbeing (Carneiro et al., 2021; Chang
et al., 2025). More broadly, differences in cognitive and behavioral outcomes among children are
largely shaped by the environments children are exposed to (Heckman and Mosso, 2014). Parental
behavior is among the most immediate of those environmental forces, but it does not operate in
isolation: peer influences and the policy and institutional landscape children grow up within also
leave lasting marks. These parental inputs represent optimal allocations made jointly with deci-
sions regarding marriage/cohabitation, employment, welfare receipt, substance use, and criminal
behavior over time. Yet these inputs are hard to find and measure in longitudinal data (Cunha
et al., 2010).

It is difficult to predict how a child will fare when a parent is marrying, divorcing, and remarrying;
in and out of a job; on and off welfare; in and out of rehabilitation; intermittently or continually
incarcerated throughout their childhood. Unbiased and non-spurious measurement of these impacts
on child outcomes is elusive. Most of the research has been correlational without establishing any
causal impact, and the few that attempt to do so neglect the dynamic and jointly determined nature
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the dynamic nature of parental behaviors have modeled the impact of employment and welfare
and/or substance use on child outcomes (mostly educational outcomes), or the impact of parental
incarceration on child outcomes. No work, to my knowledge, has studied jointly the causal impact
of important correlated parental behaviors (marriage/cohabitation, employment /welfare, substance
use, and criminal behavior) on children’s outcomes. Moreover, the previous research that controls
for child or family heterogeneity does not account for the joint nature of these parental behaviors,
and estimates the effects of such behaviors on child outcomes separately (ignoring both correlation
through family unobservables as well as across child outcomes).

The objective of this paper is to estimate the causal impacts of observed parental behaviors
(marriage/cohabitation, employment, social services assistance, substance use, and criminal behav-
ior) at different ages of child development on the child’s teenage outcomes, specifically, cognitive
ability, educational attainment, substance use, and criminal outcomes. Using data from the Fragile
Families and Child Wellbeing Study (FFCWS) (now known as Future of Families and Child Well-
being Study), T jointly estimate children’s teenage outcomes with parents’ age-specific behaviors,
accounting for both permanent and time-varying unobserved family heterogeneity, and allowing for
the effects of parental behavioral trajectories to operate through the child’s cognitive skill devel-
opment, providing an indirect channel of influence, as well as allowing a direct effect, which may
indicate alternative channels.

This paper makes several contributions to the existing literature. The first and most fundamen-
tal contribution is the joint estimation of multiple parental behaviors and child outcomes within a
single structural framework. Unlike previous studies that estimate the effects of individual parental
behaviors in isolation, I model marriage/cohabitation, employment, welfare receipt, substance use,
and criminal behavior as jointly determined choices that evolve dynamically over the child’s de-
velopmental lifecycle. Since parents do not make decisions independently of one another, studies
that ignore this joint nature risk introducing omitted variable and endogeneity biases. I address
these biases by estimating all parental behaviors jointly with child outcomes using Full Information
Maximum Likelihood (FIML), theoretically relevant instrumental variables for identification, and
Discrete Factor Random Effects (DFRE), which accounts for both permanent and time-varying
unobserved family heterogeneity.

A second contribution is the decomposition of the total causal effect of each parental behavior
on teenage outcomes into two distinct channels: (1) an indirect cognitive effect, which captures the
impact that operates through the parental behavior’s cumulative influence on the child’s cognitive
skill development over the pre-teenage years; and (2) a direct behavioral effect, which captures any
additional impact of parental behavior on teenage outcomes holding the child’s cognitive skill fixed.
This decomposition sheds new light on the mechanisms through which parental decisions shape

long-run child outcomes, distinguishing between behaviors that primarily affect teenagers through



channels outside cognitive development and those that operate primarily by shaping cognitive tra-
jectories during the critical early developmental window.

Third, this study is unique in its many-to-many design: multiple parental behaviors are esti-
mated jointly alongside multiple child outcomes spanning educational attainment, substance use,
and deviant behavior. Unlike Attanasio et al. (2020), who consider observed parental investment
as a single time-varying input, I model the much more commonly observed parental behaviors that
are made jointly with unobserved parental investments. Finally, the use of the FFCWS contributes
to our understanding of this process because most of the economics literature studying the dynamic
nature of the parent-child relationship has relied on the NLSY, PSID, Add Health, or SIPP. Since
the FFCWS was designed specifically to follow at-risk families, it is particularly well-suited for
studying parental behavior and child outcomes in fragile families.

The findings reveal that the timing, persistence, and joint nature of parental behaviors matter
for teenage outcomes. Stable family structure during childhood (i.e., the continuous presence of the
biological father) is among the strongest predictors of favorable outcomes: relative to an unstable
marital trajectory, sustained marriage to the biological father significantly improves college grad-
uation prospects, reduces school suspension, and reduces police contact by at least 8.0 percentage
points (p.p.). Conversely, persistent welfare dependence and maternal unemployment generate the
largest detrimental effects among the outcomes studied, significantly increasing class failure by 11.7
p.p., police contact by 26.1 p.p., and early sexual activity by 8.1 p.p.. Parental substance use
and criminal record, when varied jointly, show only one statistically significant effect: teenagers
under the most adverse conditions are 28.8 p.p. less likely to be stopped by police than under the
most favorable counterfactual conditions, a counterintuitive result consistent with a deterrence- or
incapacitation-type channel. The decomposition of total effects into direct behavioral and indirect
cognitive channels reveals that most of the impact of parental behavior on teenage outcomes oper-
ates through direct pathways rather than through cognitive skill formation. The indirect cognitive
channel, while consistently present, accounts for only a modest share of the total effect across all
behaviors and outcomes. This finding suggests that parental behaviors shape adolescent outcomes
through mechanisms beyond cognitive development alone, that includes non-cognitive development
and peer exposure, among others. Therefore, policies targeting cognitive skill formation alone are
unlikely to fully offset the downstream consequences of adverse parental behavioral trajectories.

Three policy experiments further illustrate these findings. A Sin-to-Skill policy that combines
excise taxes on beer and cigarettes with reinvestment into county-level education significantly re-
duces welfare receipt by up to 10.9 p.p. and curbs parental smoking and marijuana use and reduces
teenage drinking by up to 3.6 p.p.. A Father-to-Foundation policy that sustains biological-father
co-residence and non-incarceration operates as a dose-response: a one-year intervention generates no

statistically significant gains, but sustaining co-residence through age five significantly reduces class



failure by 3.9 p.p., school suspension by 3.4 p.p., and marijuana use by 2.1 p.p.. A direct placebo-
style test confirms this timing story: imposing the identical intervention exclusively after age five,
once Heckman’s critical window has closed, generates no significant improvements and, in several
cases, reverses in sign. A Peer-to-Promise policy that upgrades a teenager’s peer environment shows
a similar dose-response, with modest shifts significantly reducing teenage drinking alone, and larger
shifts additionally and significantly reducing marijuana use, police contact, sexual activity, school
suspension, and college graduation expectations by at least 3.1 p.p.. The policy results underscore
that improving child outcomes in fragile families requires sustained, multi-dimensional interventions

rather than isolated policy changes targeting a single behavior at a single point in time.

2 Related Literature

A large body of research has examined how parental behaviors affect children’s outcomes, but the
literature has largely studied these behaviors in isolation, that is one behavior at a time, and rarely in
a structural framework that accounts for their joint and dynamic nature.” This paper contributes
to four related strands of this literature: parental relationship dynamics, parental employment,
parental incarceration, and parental substance use.

The link between maternal employment and child cognitive outcomes was studied fairly exten-
sively. Bernal (2008), using NLSY data, developed and estimated a dynamic structural model of
single mother’s employment and childcare decisions to evaluate the effects on child cognitive abil-
ity. They concluded that children of mothers working full time and using formal childcare had
lower test score ability, and therefore advocated for longer parental leave policies. Liu et al. (2010)
similarly used the NLSY to estimate the effect of maternal employment and migration on child ed-
ucational outcomes. They found a significant negative relationship between maternal employment
and child outcomes after controlling for endogeneity, but a positive relationship when endogene-
ity was not addressed; highlighting why causal identification mattered in this literature. Schaller
and Zerpa (2019) studied the impact of parental job loss on children’s health using a child fixed
effects specification and found that involuntary job loss was detrimental to children’s physical and
mental health, with the effects being worse for lower socioeconomic status families. Agostinelli and
Sorrenti (2021) explored the EITC expansions to separately identify the income and substitution
effects of maternal labor supply on children’s cognitive and behavioral development. They found
that while higher family income improved cognitive scores, increased maternal working hours nega-
tively impacted noncognitive outcomes. The negative labor supply effect was concentrated among
disadvantaged mothers, precisely the population that faced the most constrained access to quality

alternative childcare. Also, Attanasio et al. (2020) endogenized parental inputs at different ages of
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the child’s development and concluded that the degree of persistence of parental inputs changed
over the child’s life, underscoring that the timing of parental behavior mattered and not just the
behavior level.

The effects of parental incarceration on children’s outcomes have been studied more in the
sociology and public policy literatures than in economics, and few studies address unobserved het-
erogeneity directly. Cho (2009b) examined maternal imprisonment effects on cognitive outcomes
among elementary school children in Chicago and, after accounting for unobserved child hetero-
geneity, found no significant association with reading or math test scores. Cho (2009a) extended
this work to grade retention using a difference-in-difference approach with propensity score matched
controls, and found that children of incarcerated mothers are actually less likely to experience grade
retention in the immediate years of the jail term. Wildeman (2010) used OLS and fixed effects mod-
els and found that paternal incarceration significantly increases physical aggression among boys but
not girls. More recently, a series of studies has used the random assignment of defendants to judges
with different incarceration tendencies as an instrument to establish causal effects. Norris et al.
(2021), using Ohio administrative data, found that parental and sibling incarceration substantially
reduces criminal activity before age 25 but has no meaningful effect on academic outcomes. Sim-
ilarly, Dobbie et al. (2018) used the same judge IV approach in Sweden and found that parental
incarceration increases teenage pregnancy and crime and reduces early employment, with the largest
effects among the most disadvantaged families. Arteaga (2023) applied the same IV in Colombia
and found that parental incarceration increases children’s educational attainment by approximately
one year. Kailaheimo-Lonnqvist et al. (2022) used a cousin fixed effects approach and found a neg-
ative association between parental criminality and children’s educational attainment at all stages,
with the magnitude varying by whether the crime was violent or non-violent.

The literature on parental substance use documents significant effects on children across a range
of outcomes. Bailey et al. (2018) used fixed effects estimation and found that having a substance-
using family member increases the probability of child substance use, both concurrently and one
year later. Schmidt and Tauchmann (2011) documented substantial heterogeneity in the intergen-
erational transmission of alcohol consumption, showing that estimated effects of parental drinking
at the 95th percentile of the distribution are more than three times larger than at the median.
Cunningham and Finlay (2013) used methamphetamine prices as an instrument and concluded
that children with meth-using parents have a higher probability of entering foster care and expe-
riencing child neglect and abuse. On long-run effects, Balsa (2008) found that having a problem-
drinking parent is associated with longer periods out of the labor force, higher unemployment, and
lower wages in adulthood, with worse outcomes for male children. Chatterji and Markowitz (2001)
used mother-child and family fixed effects and found that maternal cocaine and marijuana use

is positively associated with children’s behavioral problems, while the effect of alcohol use is less



consistent. Moreover, Ali and Dwyer (2009) found that parents and peers significantly influence
adolescent smoking, with peer effects generally larger than parental effects.

A smaller but directly relevant set of studies uses the FFCWS, the same data used in this
paper. Geller et al. (2009) found that paternal incarceration had no significant association with
age-3 cognitive test scores but was positively associated with externalizing behavior patterns like
temper tantrums. Osborne and Berger (2009) found that parental substance use is associated
with behavioral problems among 3-year-olds, with associations being larger when both parents use
substances and with father’s substance use having a larger association than mother’s. Craigie et al.
(2012) found that stable marriage is associated with the highest age-5 cognitive scores, lower obesity,
and fewer asthmatic episodes relative to step parent families. Geller (2013) found that paternal
incarceration at any child-age significantly decreases father-child contact during and after jail time.
Turney (2017) used propensity score matching to examine age-9 outcomes and found no significant
difference in cognitive skills between children with and without incarcerated parents, but found
persistent behavioral differences. Cummings and Gearhardt (2020) found that maternal illicit drug
use significantly predicted increased sugary food and beverage intake among teenagers at age 15.

The key gap in the literature is that parental behaviors are studied one at a time and at a single
point in time, even though parents make marital, employment, welfare, substance use, and criminal
decisions jointly and simultaneously. Studies that do not account for this joint nature risk omitted
variable and endogeneity biases. Additionally, treating parental behavior as a snapshot misses
the importance of behavioral timing, sequencing, and persistence across the child’s development.
Recent work has begun to formalize this intuition. Carneiro et al. (2021), using administrative
data from Norway, showed that the timing of parental income over childhood matters for children’s
schooling and earnings, with early and late childhood income both outperforming middle-childhood
income. Chang et al. (2025) extended this approach by modeling both parental income and family
structure as full developmental trajectories, finding that their effects on adult income are strongest
during middle childhood and adolescence. These studies make a compelling case that what happens
across the entire developmental period, not just at any single point, is what shapes long-run child
outcomes.

Carneiro et al. (2021) and Chang et al. (2025) focus on income and family structure in their
frameworks applied to general or high-income populations, and neither models the full range of be-
havioral choices that characterize fragile families. Using the FFCWS, Chan and Liu (2025) develop a
quasi-structural framework that jointly models relationship transitions, labor supply, welfare partic-
ipation, and time investment by both biological and social fathers, using a control function approach
to identify the causal impact of these inputs on children’s cognitive and noncognitive outcomes at
age five. Lessem and Sanders (2025) take a structural approach on the FFCWS but narrow their

scope to relationship and employment decisions, treating the father as a fixed latent type rather



than an active behavioral agent and holding substance use, welfare, and criminal behavior outside
the model. None of these papers accounts for the joint determination of multiple parental behaviors
across the full span of childhood, from birth through adolescence, which is central to the fragile
family experience where incarceration, substance use disorders, and family instability tend to rein-
force one another over time. This paper jointly models parental behaviors (marriage/cohabitation,
employment, welfare receipt, substance use, and criminal behavior) as endogenously determined dy-
namic choices, with child cognitive achievement and teenage outcomes; accounts for permanent and
time-varying unobserved heterogeneity; and allows for both direct effects of behavioral trajectories

and indirect effects operating through the cognitive development channel.

3 Data

3.1 Data Source

The data used in this study is from the Future of Families and Child Wellbeing Study (FFCWS)
formally known as the Fragile Families and Child Wellbeing Study (FFCWS, 2023). These data
are collected by the Office of Population Research at Princeton University. The FFCWS is a panel
study of a multistage sample: first, U.S. cities with population over 200,000 in the year 1998 were
sampled, then sampling of hospitals within cities, and finally sampling births within hospitals.
Figure 3 shows the cities and the proportion of sample allocated to each city.2 The resulting
sample was 4898 children born with an oversampling ratio of 3 to 1 of births to unmarried mothers,
resulting in a considerable number of Black, Hispanic and low-income families. Table 1 describes
the distribution of US data (from 1998) and baseline FFCWS data (1998-2000), showing the over
sample of disadvantaged families in the survey.

The first wave interviews were conducted between 1998-2000 in the hospitals where the mothers
delivered. The subsequent waves were conducted between 1999-2001, 2001-2003, 2003-2006, 2007-
2010, and 2014-2017 when the children were expected to be approximately age 1, 3, 5, 9 and 15,
respectively. Across the 6 waves, mother, father, primary care giver (PCG) if not parent, child and
teacher were interviewed, and in-home assessments were conducted as shown in Figure 4. Final
analysis sample for this study is 1615 families who were present in all the waves, with children of

the same age at the time of interview and non-missing child outcome variables.”

*The cities were shortlisted using intensity of three dimensions (welfare, child support, and labor market indicators)
and the final cities in each strata were selected randomly, with the selection probability for each city proportional to
its population Selection with probabilities proportional to size assures the representativeness of the sample.

3See Appendix Al.1 for full details on sample selection.



3.2 Variable Description
Endogenous Parental Behaviors and Teenage Outcome Variables

The time-varying endogenous variables in this study are marriage/cohabitation, employment, wel-
fare receipt, substance use, criminal behaviors and child cognitive achievement. Table 2 shows the
distribution of these endogenous variables across the different waves. Over 30 percent of mothers
were on welfare when the child was born, but this percentage falls as the child ages. The presence
of biological dads in the life of the child decreases as the child gets older, because of the changes in
the marital status of the mothers and the prevailing incarceration rate among the dads.

I also observe a measure of child’s cognitive ability, specifically performance on the Peabody
Picture Vocabulary Test (PPVT). The PPVT examines the children on verbal ability and assessed
receptive vocabulary knowledge and comprehension of spoken English. Dunn and Dunn (1965)
notes that the test also helps in establishing rapport, testing preschool children, and screening for
both giftedness and mental retardation. The PPV'T score is in the range of 41 — 185 with an average
112 and standard deviation 20.07. However, because different versions of the test are administered
at different ages, 1 standardize the scores across all ages to have a mean of 80 and a standard
deviation of 10.

Table 3 presents the summary statistics of the modeled teenage outcomes. The outcome variables
for this study are categorized in three different groups: educational, substance use and deviant
outcomes. The educational outcomes include ever failed a class, suspended from school and the
child’s subjective likelihood of graduating college. Close to 1 in 2 of these children have ever failed
a class and approximately 1 in 3 have faced some form of suspension from school. Thirteen percent
have drunk an alcoholic drink more than two or three times when they were not with their parents,
and 18 percent have used marijuana. Finally, 1 in 4 of these children have been stopped by the

police and 15 percent have ever had sex.

3.3 Descriptive Motivation from FFCWS

Table 4 presents unconditional differences in mean teenage outcomes by parental behaviors observed,
highlighting substantial disparities across educational, substance use, and deviant outcomes. Across
nearly all outcomes, children exposed to more stable and less risky parental behavior environments
exhibit markedly better outcomes during adolescence. Starting with mother’s marital status, chil-
dren whose mothers are always married to the biological dad consistently perform better across
all outcomes relative to any other family structure. Differences by mother’s employment status
are also pronounced, though somewhat smaller in magnitude. Children whose mothers are always
employed are significantly less likely to fail a class, be unlikely to graduate college, or be suspended

from school. In contrast, differences in alcohol and marijuana use are relatively small and statis-



tically insignificant, suggesting that employment stability primarily contributes to academic and
institutional outcomes rather than substance use.

The largest disparities in the table arise from mother’s welfare status. Children whose mothers
are always on welfare experience worse outcomes compared to children whose mothers are not always
on welfare. These large gaps suggest that persistent welfare receipt is a strong indicator for sustained
socioeconomic disadvantage. Turning to maternal substance use, drinking shows relatively modest
differences, with only a weakly significant effect on college graduation prospects. In contrast,
smoking and especially marijuana use are strongly associated with worse adolescent outcomes.
Maternal smoking is linked to significantly higher probabilities of class failure, suspension, marijuana
use, police contact, and early sexual activity. Maternal marijuana use is associated with some of the
largest differences in the table, including a 26.6 percentage point increase in school suspension and a
15.6 percentage point increase in teen marijuana use. Finally, parental criminal involvement, both
maternal convictions and paternal incarceration, are strongly correlated with adverse outcomes.
Children whose mothers have a criminal record or whose dads have been incarcerated are more
likely to fail classes, be suspended, engage in substance use, encounter police, and initiate sex early.

While these patterns in Table 4 are descriptive, they motivate the need for a dynamic structural
framework that jointly models parental behaviors and accounts for unobserved heterogeneity. The
consistency and magnitude of these differences suggest that parental behaviors co-evolve and jointly
shape the environments in which children develop, reinforcing the importance of modeling them

jointly rather than in isolation.

4 Empirical Framework

The empirical model is grounded in a structural framework where forward-looking parents optimally
select their behaviors (marital status, employment, welfare receipt, substance use and criminal
record) each period to maximize lifetime utility. Parents internalize not only the current cognitive
development of the child but also the child’s future teenage outcomes, which are realized at the end
of the final period. The jointly chosen parental behaviors influence the child’s pre-teenage cognitive
outcomes over time and, through that cognitive trajectory, shape the child’s teenage outcomes in

education, substance use and delinquency.

4.1 Model
4.1.1 Model Timing and Per-Period Behavioral Alternatives

A family enters each period ¢ with an observed information set, €2,, which consist of mother’s

histories of marriage/cohabitation, M;_;; employment, E; ;; welfare receipt, W;_;; substance use,
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S;_1 (which includes alcohol use, smoking, marijuana use); criminal record, R,_;; dad’s history
of imprisonment (jail time), J;_;; and the focal child’s cognitive achievement from the end of the
previous period, #,_;. This information set also includes exogenous characteristics of mother, dad
and child (that is X, = {X;", X/, X{}); and the state or county-level policies and supply side
conditions, Z;. This vector of information known at the beginning of period ¢ is denoted by €2, =
(My_y, By, W1, Se_1, Ric1, Ji—1, 0,21, X4, Z,). The state and local policy environment is denoted
by the vector Z, = (ZtM, Zf, ZtW, Zfl, ZtR, Zt‘], Zf, Z}). The superscripts indicate the variables in
Z, that relate to particular endogenous parental behaviors and child cognitive achievement; namely,
cost or supply-side variables that affect marital /cohabitation status, Zf\/[ ; employment, ZtE ; welfare
receipt, ZtW ; substance use, Zf 's criminal record, ZtR ; dad’s serving jail time, ZtJ; child cognitive
achievement, Zf . and peer characteristics affecting teenage outcomes, Z; .

In each period t a parent chooses among the alternatives associated with each behavior, m;, e;, wy,

{si}il , 7, and j;. Specifically:

e Marital/cohabitation, m, € {0, 1,2}: single (no dad present); married/cohabiting with bio-
logical father (biological dad present); married/cohabiting with another man (another dad

present)
e Employment, e, € {0,1}: not employment; employed
e Welfare receipt, w; € {0,1}: do not receive welfare; receive welfare

e Substance use, si € {0,1}: do not use the 1 substance; use the I"™ substance. Where

[ € {alcohol, cigarettes, marijuana}
e Conviction, 7, € {0,1}: no conviction; have conviction
e Dad’s incarceration, j, € {0,1}: not in-jail; in-jail

The model spans six periods corresponding to key developmental stages: ¢; (Birth, age 0), t,
(Age 1), t3 (Age 3), ty (Age b), t5 (Age 9), and tg (Age 15). Periods t; through t5 constitute the
pre-teenage developmental stage, during which parental behaviors jointly shape the child’s cognitive
skill. Period tg4 is the teenage period, in which parents continue to make behavioral choices and the
child’s teenage outcomes are observed at the close of the period. Prior to the onset of period ¢y,
each family draws a permanent type u, which captures time-invariant unobserved heterogeneity in
preferences, endowments, and circumstances that persist across the entire lifecycle. At the beginning
of each period ¢, the family additionally receives an idiosyncratic shock v;, capturing time-varying

unobserved heterogeneity that evolves over the developmental process. For each period ¢, the family
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enters with an observed information set €);. Conditioning on their permanent type p and the current
period shock v, parents observe the current state and make their behavioral choices, after which
the child’s cognitive skill is updated. Figure 1 illustrates the within-period timing of events during
the pre-teenage stage. In the terminal period tg (teenage period), the child’s teenage outcomes are
realized as a function of the full history of accumulated cognitive skill and parental behaviors over

the lifecycle. Figure 2 illustrates the terminal-period timing of events.”"

Figure 1: Pre-Teenage Period: Timing of Behavioral Choices

Beginning of ¢ Beginning of ¢ + 1
: : : : : —
Draw a type Information set: Shocks T I Updated information set:

enterin, 1Z

periodg Q= (Mi—1, Ey—1, Wi—1,S¢-1, (ve) Mother’s period ¢ Qi1 = (My, Ey, Wy, Se, Ry, Jg,

(1) Ry, Jio1,6i1, Xy, Zy) behaviors observed O, Xey1, Zegr)
\ My, €, W, {St,,l}le , Tt Child Cognitive \
achievement evolves
Father’s period ¢ 0,

behavior observed
Jt

Figure 2: Teenage (Terminal) Period: Timing of Behavioral Choices
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> : : : :
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v
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4.1.2 Parental Behavior Function

In this model, parents choose their behaviors (B;) in each period after observing their child’s cog-
nitive achievement (6;_;) from the end of the last period and aware of their own lagged behavior
(B;_y). Let X { denote a vector of parent/family characteristics and 5? denote unobserved deter-
minants of parental behavior. The parental behaviors may be correlated over time through both
observed and unobserved variables. Hence, the inclusion of the lagged behavior as determinant re-

quires dependence on exogenous supply side shifters (Z;) that vary over time across state or county

*A formal derivation of the parental utility function, budget constraint, value function, and the dynamic opti-
mization problem underlying these behavioral choices is provided in Appendix A2.
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level. The Zf contains exogenous variables that are theoretically justified as impacting mom’s or
dad’s behavior but do not affect the child’s cognitive production function conditional on her or his
behaviors. Disaggregating the parental behaviors into mother’s (B™ € {M,E,W, S, R}) and dad’s

(B € {J}) behaviors, the parental behavior (or demand) function at age ¢ is modeled as:

k

Eo. B, _k k B
P(Bt :j) = f (Bt—bet—l?X{aZtag ) (1)

where j = 0,1,..., Lb, with L being the total number of alternatives for behavior b. Also k €
{m,d} and B,_; is a vector of most recent lag of all the observed parental behaviors (i.e. B}, =
{My_1, B,y , Wiy, 841, Ry} and Bf—l = {Ji-1})-

4.1.3 Cognitive Achievement Production Function

End of period child cognitive achievement (or production) is a function of per-period parental
behaviors, family and child observed characteristics, and unobserved determinants of cognitive
achievement. Similarly, there is the need for an exogenous supply side shifter (Zf ) given the inclusion
of the lagged cognitive achievement as a determinant. Under the assumption of a value-added skill

production function, the evolution of child cognitive skills can be defined by:
0 c 0 6
0= f (et—lthXfaXt’Ztﬂgt) (2)

The value-added structure of equation (2) implies that only the contemporaneous parental behavior
B, enters each period’s cognitive production function. Past parental behaviors B,_;, B;_o, ... affect
0, only indirectly through the accumulated skill path 6,_; — 6,_, — ---. This structure plays a key

role in the decomposition of direct and indirect effects in Appendix section A3.

4.1.4 Teenage Outcome Production Function

In this section, I begin by asking the reader to consider a simple model of child’s teenage outcomes.
Let’s conceive of these outcomes as dynamic, meaning they depend on previous values of the outcome
and contemporaneous parental inputs (Todd and Wolpin, 2003). Let Y; denote the child’s outcome
when the child is age t, and F} represent the family input into the child outcome production function.
Unobserved determinants of the child’s outcome are denoted by e; and may include time varying
and /or non-time varying unobserved heterogeneity. The teenager outcome production function at
age t + 1 is defined by:

Y;f+1:h(Y27Ft79taX§75§+l) t:1,...,T (3)
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Assuming that the initial (¢ = 1) child outcome is given by Y; = ¢(Fp), I substitute out Y; in

equation (3) with its determinants such that:

}/t+1 = h(Y;taFtaet7Xtcv€§+l)
= h(Yt—17 Ft7 Ft—17 gtv 015—17 Xtc7 Xtc—lﬂ E:+1’ E?)

c c c c
=h FtaFt—la"'7FO7 etaet—la-"7917 :)(t7"'7X117 ‘Et+17"'7€1’

v
(& c
X €tv1

= h(FtaFt—la"'7F07 etaet—la"'aeb X;:a €§+1) (4)

Family input (F}) represents an optimal allocation of parental resources and time. Those allocations
depend on jointly chosen parental behaviors such as marriage/cohabitation, employment and welfare
receipt, parental consumption including substance use, or criminal behavior, among other things.
Parents choose behaviors (e.g., employment, substance use, etc.), while making money and/or
time allocation to child inputs. The key assumption here is that between choosing behaviors and
allocating family inputs, parents receive additional information (5{ ) about their circumstance. For
example, when parents choose to work, they do so based on a wage offer, but the realized wage or job
amenities may differ. However, after choosing their behavior, new information (gf ) is revealed that
may affect how they allocate resources to their child. Similarly, a parent might anticipate receiving
a particular level of public assistance (TANF, cash transfers, etc.), but the realized benefit may be
different, hence impacting the family input allocation. Therefore, family inputs can be expressed
as a function of parental observed behavior, family characteristics and unobserved determinants of
family inputs, such that:

Fo= [(By X[ <) (5)

Now substituting for F} in equation (4):

f f f f
Yt+1 =g BtaBt—l)"'7B07 etaet—lu"wela Xta"')le X;: Ety--s€1, €§+1
_Y—/ _Y—l
x] e!
f c f c
Yt+1 =g BtaBt—17"'7BO7 etaet—la"'aela Xt7 Xta €ty €41
| — ("
0 EZtJ+1
f
}/t+1 =g(BtJBt—l7"'7B07 0t7 Xta X;:? 5ty+1) (6)
f
Yt+1 =g(BtaBt—17"'7BO7 etu Xt7 X;:? €i/+1) (7)
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In moving from equation (6) to equation (7), I adopt a Markovian assumption in which the
child’s current cognitive achievement 6, captures all past skills and serves as a sufficient measure
for the history of past skill levels {6,_1,6,_5,...,6,}. This assumption is standard in dynamic
models of child development and human capital formation literature (e.g., Agostinelli and Wiswall,
2025; Cunha and Heckman, 2007; Todd and Wolpin, 2003), where skill evolves recursively and
accumulates the effects of past investments and shocks. Under this framework, 6, summarizes all
relevant cognitive achievement needed to predict child teenage outcomes, rendering the inclusion of
lagged cognitive achievement variables redundant conditional on Gt.5

The unobserved family inputs are correlated over time, that is corr(e{ , 5{_1) # 0, implying that
the entire history of family shocks does matter in the child’s outcome production function. To isolate
exogenous variation in behavioral pathways, I introduce a vector of supply-side shifters (Zf . ZY)
that operates as an instrumental variable, shifting parental decisions while remaining orthogonal to

£},1, hence:
}/;5+1 =g(BtaBt—17"'7BO7 Hta X{u X; Zfa Zf7€ty+1) (8)

Note that the specification in equation (8) assumes that the whole history of parental behavior
affects the teenage outcomes. Inclusion of variables representing these period-specific behaviors
introduces potential multicollinearity. Alternatively, I can model the sequence of period-specific
parental behaviors {B;, B;_1, B;_s, . .., By} with a behavioral string or trajectory variable l—ét (e.g.,
employment — “always employed”, “never employed”, “intermittent employed”; for marital status —
“always single”, “always married”, “unstable” etc.). One could argue that the individual separate
B, terms are “redundant” because their direct, time-specific effects are already captured in the
construction of the child’s cognitive skill path ,. In particular, the cognitive achievement produc-
tion function, estimated dynamically across the preteenage period, explicitly captures how each
parental behavior at time ¢ influences the formation of cognitive skill 9t+1.6 However, these parental
behaviors could affect non-cognitive development, which is omitted in this specification. Hence, the
past behaviors may still matter. To avoid multicollinearity concerns, the alternative specification
assumes that any residual effect of parental behavior on the teenage outcome (i.e., not through cog-
nitive development) operates through broader patterns or long-run trajectories, such as persistent
disadvantage or consistent positive investment, which is better captured by behavioral strings than

by isolated indicators. Hence, the alternative (to equation 8) child’s teenage production function

"P(Yi1 | 0;,0) = P(Yie1 | 04,04-1,0i_o...,0,,0). Additionally, this Markov property is also invoked in the
decomposition of direct and indirect effects in Section A3, where it justifies expressing the full indirect cognitive
channel solely through the terminal-period skill 6.

%As a result, the lagged effects of isolated behaviors are absorbed into the child’s cumulative cognitive measure.
In estimating the teenage outcome function, 8; acts as a sufficient statistic summarizing the quality and timing of
preteenage parental investment, as well as exposure to risky or protective behaviors.
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is:
= c 0
Y;+1 = g(Bta eta Xf? Xtv Zt7 Z?? 6ty+1) (9)

The use of the behavioral string or trajectory specification enhances econometric tractability,
dimensionality reduction, and mitigates rnulticollinearity.7 The approach is consistent with human
capital and developmental psychology theories of sustained exposure and risk accumulation (Chang
et al., 2025; Cunha and Heckman, 2007; Sampson and Laub, 1995). Additionally, the behavioral
strings are more interpretable and policy-relevant, for instance, categories like “always employed”,
“never on welfare” etc. Table 5 defines the behavioral string categories used in estimation for
each parental behavior. For each behavior, strings are constructed from the sequence of binary (or

multinomial) period-specific choices across the six developmental periods ¢; through t.

4.2 The Set of Structural Equations

Parents choose their behaviors conditional on the child’s observed cognitive achievement at the be-
ginning of the period (among other variables). The child’s cognitive achievement is then updated at
the end of the period (and is carried over into the next period), and this cycle continues dynamically
over time.

Pre-teenage Period:

Parental Behavior: P(B, =j) = fb(Bt_l,Gt_l,X,{, Zt,sf) t=1,...,6
Child Cognitive Achievement: 6, = f'(6,_,, B,, X!, X¢, 7)) t=1,...,5

Teenage Period:
Child Teenage Outcome: Y, = g(f?t, 0,, X{, X, Zf, VAN t=6

The joint system of estimated equations is specified below, where some of these explanatory
variables act as exclusion restrictions that aid in identifying the system of equations to be estimated.
The probability of being married or cohabiting to the father of the focal child (m = 1) or another

man (m = 2) in period ¢ relative to being single (no father present, m = 0) in log odds is given by:

1 [P(Mt = m)

m M
P(Mt — O) i| = f (Mt—la Et—lth—lastl—la St2—1a Sf—la Rt—bet—bX{a Ztagmt)

m=1,2.

"I also estimate two other alternative models: (1) Summation of parental behavior model; and (2) Contempora-
neous parental behavior model. See section 8 for details.
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The probability of mother being employed (FE; = 1) in period t relative to being unemployed (E; = 0)
in log odds is given by:

P(E, =1 e

hl|: ( : _ )i| = f (Mt—laEt—hWt—l?Stl—1755—1753—17Rt—179t—17X1{7Zt7€tE) (10)
P(E, =0)

The probability of mother being on welfare (W, = 1) in period ¢ relative to not being on welfare

(W, = 0) in log odds is given by:

| [p(wt 1)

! P(Wt - 0)} - fw(Mt_l7Et_1’Wt_l’33_1’53_17Sf—l7Rt—179t—1;X{7Zt7€1‘f/V) <1].)

In estimating the substance use of the mother, I consider three main substances (i.e., alcohol,
cigarettes, and marijuana). More formally [ € {alcohol, cigarettes, marijuana}, and each substance
has its own equation with its own coefficient vector. The probability of mother using substance [

(Stl = 1) in period t relative to not using (Stl = 0) in log odds is given by:

o P(St =1)
P(S=0)

i| (Mt 17Et 17Wt laSt 17‘S’t 178t 17Rt laet laXt7Zt’€t ) (12)
[ € {1,2,3}, estimated for each substance.

The probability of mother being convicted of crime (R; = 1) in period ¢ relative to not (R; = 0) in
log odds is given by:

ln[P(Rt =1)

P(Rt — 0):| = fT(Mt—hEt—let—laStl—laSt2—17St3—17Rt—179t—17X{7Zt7‘€f) (13>

The probability of dad being in jail or convicted (J; = 1) in period t relative to not (J; = 0) in log
odds is given by:

P(J, = 1)
hl[P(Jt =)

i| =fj(Jt—170t—17X{7Zt75;‘,]) (14)
Child’s cognitive achievement is given by:

Qt = fe(Mta Et7 Wt7 Stla St27 Sfa Rtv Jt7 0t—17 Xta Zt€7 8?) (15)

The child’s teenage outcome variables to be estimated are such that Y € { Ever Failed a Class,
Ever Suspended/Fxpelled from School, Likely to Graduate College, FEver Drunk Alcohol, Ever Used
Marijuana, Ever Stopped by Police, Ever had Sex}. The probability of Y for a child expressed in
log odds is given by:
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P(Y7, =1 = 2 = 1323 S
IH[M} ; 2, 5?7 Rt7 Jt>9t7Xt7ZthZf7€f) (16)

=q¢°(M,, E,,W,, S;,S
P(ng_ﬂ :0) g( ts 13) ts to t

4.2.1 FError Structure

In addition to the observed permanent and time-varying characteristics of the mother, biological
father, and child, unobserved heterogeneity undoubtedly influences the parental behaviors and child
outcomes modeled in this paper. To account for the unobservables, I consider an unobserved family
effect that contains both a permanent component and a time-varying component, each of which
may influence every observed behavior and outcome in the system. Importantly, the estimated
impact of this unobserved heterogeneity is modeled as non-linear, allowing its effect on each unit
(i.e. mother, father, or child) to differ across behaviors and outcomes.

Formally, the error term in each equation ¢, £}, is decomposed into three components: a perma-
nent component u?, a time-varying component v, and an equation-specific idiosyncratic component

uyf; that is, ‘ . . ‘
g = + U+ uy (17)

The permanent component p? captures time-invariant unobserved family heterogeneity that induces
correlation across all equations and over time. For instance, some parents may have inherent
tendencies towards a specific parenting style, like authoritarian, authoritative or permissive, which
affects how they set boundaries, discipline and respond to their child’s needs regardless of their
chosen behaviors. Also, parents vary in terms of how forward-looking they are (i.e., a long term
planner or someone more oriented to immediate gratification). These intrinsic characteristics may
affect child’s cognitive skill development regardless of behaviors like employment and welfare receipt.
The time-varying component v allows for an additional source of correlation across equations within
a given period, capturing time-varying unobserved family characteristics over the developmental
lifecycle such as a health shock to the child that simultaneously affects cognitive development and
multiple parental behavioral decisions. The idiosyncratic component u; is assumed to be i.i.d. across

individuals and over time.

4.2.2 Initial Conditions

Since the initially-observed behaviors and cognitive achievement are endogenous, they must be
modeled (rather than treated as exogenous) and correlated with unobserved determinants that may
affect subsequent behaviors. Conditioning on predetermined outcomes would otherwise generate an
initial conditions bias, such as, families entering the sample with different pre-sample histories would

appear identical, conflating state dependence with unobserved heterogeneity. I address this issue by
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modeling each initial condition as a function of exogenous family characteristics, X}, appropriate
exclusion restrictions, Z;, and the permanent family unobserved heterogeneity, u. All of the initial
condition equations are jointly-estimated with the set of structural dynamic parental behavior and
child cognitive equations, and teenage outcome equations.

For each initially-observed behaviors B; € {Ml,El,Wl,Sll ,512 ,J1}, the probability of a parent
choosing the behavior (B; = 1) in period 1 relative to not (B; = 0) in log odds is given by:

| [P(Bl =1)

. T
P(BI:O)i|_f (Xt,Z1,1) (18)

The initially-observed cognitive achievement is given by:

91 = fel(MtaEhWtaStlaStQaRtaJt7X1]€caZt€7€?) (19)

Table 6 presents the full system of 23 jointly estimated equations (8 parental behaviors, 1 cogni-
tive outcome, 7 teenage outcomes, and 7 initial conditions) alongside their respective determinants.
The dependent variable for each equation appears in the first column, while columns 2—4 detail the
corresponding regressors, comprising pre-determined endogenous variables, exogenous variables,
and unobserved heterogeneity terms. The resulting probabilities from each equation enter directly

into the likelihood function specified below.

5 Estimation Method

[ jointly estimate the system of equations using the discrete factor random effects (DFRE) method.
The DFRE method approximates two components of the decomposed error terms (g;) as discrete
distributions: the permanent family heterogeneity (p) and the time-varying family heterogeneity
(v;), together with an independently and identically distributed idiosyncratic term (u;). The per-
manent heterogeneity, p, is correlated across equations and over time and captures information on
the family that is not observed by the econometrician. The time-varying unobserved heterogeneity,
v,, is correlated across equations within a time period and captures family unobservables that vary
over time. The equation-specific idiosyncratic error terms follow a Type-I Extreme Value distri-
bution for discrete parental behaviors (u,ﬁB where B € {M,E,W,S",S% S R, J}; and ufl where
B, € {M,,E,,W,, 5,57, J;}) and teenage outcomes (u where o = 1,2,...,7), yielding logit and
multinomial logit probabilities that contribute to the likelihood function. For the continuous vari-
able, child cognitive score, the idiosyncratic term u? is assumed to be an i.i.d. normal distribution.
The DFRE method assumes that the distributions of the heterogeneity terms can be approximated
by a discrete step function, estimated with the number of support points determined by the model’s
best fit of the data (Mroz, 1999). I estimate the discrete distribution for p, with each mass point
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1y, assigned an estimated probability 73; a family draws its permanent type once, and that draw is
held fixed across all periods. I estimate a single discrete distribution for v, with each mass point
v, assigned an estimated probability m,; unlike ;, a new draw from this same distribution is made

independently in each period t.

5.1 Likelihood Function

The unconditional likelihood function for family (parent with focal child) i is given by:

N K 1 )
cie(©) =] | T’f{ [ [P =m] )t e [[PEL=e] ) P
1

i=1 k= m=0 e=0

1 2 1

1[ Wi =w ! ! 1[S} =5
'l_[P(W¢1=w|Mk)[ ' ]'HHP(Sz‘1=5|Mk)[1 :
0 I=1 sl=0
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(R =7 | )" o [P = | ) 7 0 6™ (031 | )
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o=11] g=1 y=0

where family ¢ faces type k£ permanent heterogeneity, pu;, with probability 7, throughout all periods,
and also experiences each of the type g time-varying types, v4,, each period ¢ with probability .
P(x) is the probability of a behavior or outcome if x is discrete and ¢(x) represents the density of a
behavior or outcome when x is continuous. The parameters of the likelihood function are estimated

with full information maximum likelihood (FIML).

5.2 Identification

Credibly identifying the causal effects of parental behavior on child cognitive achievement demands
exogenous variables that predict the joint behaviors yet exert no direct influence on child achieve-

ment beyond their role as determinants of those behavioral inputs. The exclusion restriction (Z;)
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is a vector of instrumental variables that: (1) affect the mother’s or father’s behaviors but do not
affect the child’s achievement; (2) are independent of all the independently and identically dis-
tributed error terms (u;). These exclusion restrictions enter the parent behavioral equations but
do not enter the child’s cognitive achievement equation and serve as shifters in the estimation of
endogenous variables to identify the system of equations.

Another source of identification comes from the dynamic structure of the model itself. Each
parental behavior and cognitive achievement equation at period ¢ includes the lagged value of the
relevant outcome at period ¢ —1 as a predetermined regressor (i.e., B;_; or #;_; entering the period-¢
equation). Similar to Arellano and Bond (1991), these lagged endogenous variables serve as inter-
nal instruments: since each B;_; or 6,_; has itself been instrumented by the supply-side exclusion
restrictions Z,_; or Zf_l in the previous period, and its variation at ¢—1 is orthogonal to the idiosyn-
cratic error uf at period t. The inclusion of these lags serve as a sequence of exclusion restrictions
that contribute to identification across all pre-teenage periods, supplementing the external supply-
side instruments. In effect, the lagged instrumented behaviors act as predetermined instruments for
current behaviors in each period, exploiting the panel structure of the data to identify the dynamic
path of parental decisions and cognitive skill formation.

Identification of the teenage outcome equations requires a separate argument, as both the be-
havioral strings Et and the terminal cognitive score 6, are endogenous regressors in that equation.
Identification is achieved through three channels. First, the same supply-side instruments Z, that
shift parental behaviors in the pre-teenage periods propagate forward into the behavioral string
classification; by construction, instruments that shift behavior in any single period can shift the
string category, creating variation in Et that is orthogonal to the teenage outcome idiosyncratic
shock u;,;. Second, the county-level income-adjusted test score Zf shifts #, without independently
affecting teenage outcomes conditional on the behavioral strings and other exogenous controls.
Third, peer characteristics Z} (including peer drinking alcohol, smoking cigarettes, marijuana use,
study habits, and college ambitions) serve as additional instruments that enter the teenage outcome
equation directly. This approach follows Fruehwirth et al. (2019), who similarly use peer charac-
teristics as an instrument to identify the causal effect of adolescent religiosity on depression. These
peer variables affect the child’s adolescent outcomes through social influence and peer norms, but
are excludable from the parental behavior and cognitive achievement equations, where peer effects
do not operate as direct determinants. The permanent and time-varying unobserved heterogeneity
terms p and 14 are also shared across the behavior, cognitive, and outcome equations, providing
within-family covariance restrictions that jointly help identify the full system.

Identifying variables associated with marital behavior are county level fraction of people 15
or older who are married and not separated. This measure is from the Fragile Families’ county

intergenerational mobility data appendage from Chetty and Hendren (2018) opportunity insights
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index computed based on de-identified tax records on more than five million people in US counties.
The variable associated with employment behavior is unemployment rate in the mother’s city of
residence in year of interview. This measures the ease and likelihood of the mother getting a
job but does not affect any of the child’s outcome variables. With regards to welfare, there have
been a few instruments used in previous studies like state policies and distance from the survey
respondent’s residence to the nearest TANF program office (Ratcliffe et al., 2011; Yen et al., 2012;
McKernan et al., 2021). Given that I do not have the GPS location of respondent in my data, I
do not use distance as an instrument, but rather county-level percentage of households on public
assistance. Associated with substance abuse, are state level alcohol excise tax on beer and state
level tax per pack of cigarettes in the year of interview. Williams et al. (2011) investigated why
people want cannabis to be legalized and what contributes to cannabis usage. Cannabis prices and
decriminalization were found to be strong instruments in influencing non-medical usage. Therefore,
I use the variation in the timing of marijuana legalization across states. The county violent crime
rate (per 100,000 people) in the year of interview for mom and dad identifies mom’s conviction and
dad’s jail-time equations.

At the child’s level, the county-level income-adjusted test score serves as the instrument for the
child’s cognitive equation. This variable shifts county-level average cognitive performance through
variation in local school quality and resources, while remaining excludable from the teenage outcome
equation conditional on parental behaviors and household characteristics. Finally, peer character-
istics Z} (i.e. peers’ drinking, smoking, marijuana use, study habits, and likelihood of graduating
college) identify the teenage outcome equations. These variables capture the social environment the
child is embedded in during adolescence and directly shape adolescent risk behaviors and educa-
tional ambitions, but are excludable from the parental behavior and cognitive production equations,
where peer influences do not operate as direct determinants of parental choices or pre-teenage cog-
nition. To assess instrument relevance, Appendix Table A.24 reports Wald F-tests for the joint
significance of excluded instruments across all equations; the instruments are jointly significant pro-
viding empirical support for the relevance condition. Table 7 provides a summary of all the supply

side variables categorized by their related behavior.

6 Results

6.1 Model Fit

I use the dynamic multiple equation model and the estimated coefficients to simulate behaviors and
outcomes overtime in order to assess how well the model reproduces the patterns present in the

actual data. Using initial period data, I generate parental behaviors and child cognitive achieve-
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ment, at age 1. The simulated endogenous variables are carried forward to determine behaviors and
cognitive scores in each subsequent period. In the terminal period, teenage outcomes are then gener-
ated as a function of the full history of simulated behaviors and cognitive achievement accumulated
over the lifecycle. Each family, N from the sample size, is simulated R times (i.e., replications).
For each replication, a permanent family type is assigned once at the outset by drawing from the
estimated unobserved heterogeneity distribution, while a time-varying family type is drawn every
period. Table 8 reports a comparison of summary statistics across observed and model-generated
behaviors, cognitive scores, and teenage outcomes. The average deviation between simulated and
observed means is only 0.005, indicating the model matches behaviors and outcomes to within less
than one percentage point on average. Additionally, the dynamic behavior probabilities and average
cognitive score are depicted in Figure 5 and suggests that the estimated model fits the data well.

Prior to estimating my main model, I also estimated a naive model, that is, estimating the
structural equations separately (not jointly) without accounting for unobserved heterogeneity. This
model treats the endogenous behaviors and cognitive achievement as exogenous in the equations
they enter. A likelihood ratio test was conducted to evaluate whether incorporating permanent
and time-varying unobserved heterogeneity yields a statistically meaningful improvement in model
fit, as gauged by the log-likelihood value. The technical details of this test are provided in Ap-
pendix A4.1.1. The test conclusively favors the specification that accommodates unobserved het-
erogeneity over the restricted version that omits it, reinforcing the necessity of jointly accounting for
endogeneity and simultaneity in recovering the parameters of interest. The results provide strong
statistical evidence in favor of the richer specification with unobserved heterogeneity, justifying its
use in the analysis and in the computation of marginal effects and counterfactuals.

Among the specifications considered, the one achieving the best statistical fit supports four
mass points for the permanent heterogeneity distribution and four mass points for the time-varying
heterogeneity distribution. Table 9 presents the associated probability weights and mass points,
with columns 2 and 3 reporting estimates of the probabilities and mass points for the permanent
heterogeneity distribution and columns 4 and 5 reporting the corresponding quantities for the time-

varying distribution. Standard errors are shown in brackets throughout.

6.2 Results from the Dynamic Multiple-equation Model

Estimation results for the parental behavior equations are reported in Online Appendix Tables
OA.3-OA.10, where endogenous regressors appear first, followed by exogenous variables. Across
the parental behaviors, the results consistently show that lagged parental behaviors (i.e., dynamic
behavioral persistence), and also child cognitive performance, and policy relevant county or state

characteristics exert meaningful and statistically significant effects on parental behaviors. The
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comparison between models estimated without unobserved heterogeneity (no-UH) and those that
incorporate unobserved heterogeneity (UH) is particularly revealing. The inclusion of UH plays a
critical role in refining estimates, often attenuating inflated coefficients and in several cases reveal
relationships that were obscured in the no-UH specifications. This finding highlights the presence
of persistent and time-varying family-specific unobserved heterogeneity and characteristics that
confound estimates unless explicitly modeled.

All lagged behaviors exhibit statistically significant and substantively large effects across all esti-
mation of the dynamic behaviors. These lagged effects remain robust even under UH, although they
typically decrease in magnitude, confirming that part of the persistence observed in naive model
(no-UH model) arises from unobserved traits such as risk tolerance, parenting style, child’s intrinsic
nature, dealing with trauma or stress, intergenerational behavioral patterns, among others. Addi-
tionally, some lagged cross-behaviors are significant predictors of the dynamic parental behaviors.
For example, being married /cohabiting with biological dad decreases, and using marijuana increases,
the probability of receiving welfare. With regard to criminal behavior: marriage/cohabitation de-
creases, and being on welfare increases, the probability of being convicted. The cross-behavior effects
show how the behaviors are intertwined, reinforcing the jointly estimated model specification.

The state-, county- and city-level variables function as critical supply-side shifters, and retain
significance even after UH is included implying that their effects are not absorbed by unobserved
family traits. The persistence of their effects in UH specifications strengthens the argument that
they serve as valid sources of exogenous variation in the dynamic parental behavior environment and
child achievement. Other demographic and household characteristics mostly show expected signs,
although their magnitudes typically decrease in the UH models. Age and age-squared capture life-
cycle dynamics, and higher education improves employment and marital stability while reducing
welfare dependence and smoking. The coefficients on the race aligns with well known racial and
ethnic disparities. Also poor health increase the probability of welfare receipt and risky behavior
like drinking, smoking and marijuana use, implying that although the mother’s health stock may be
depleting, the utility she gains from using these substances enforces this cycle to continue leading
addiction.

The estimation of children’s cognitive achievement in Online Appendix Table OA.11 reveals
a strong degree of persistence over time, with the lagged cognitive score emerging as the most
powerful predictor of current performance, which is consistent with the value added literature.
Parental behaviors also play an important role in child cognitive development. Presence of a father
figure increases child cognitive scores, while welfare receipt and criminal conviction decline cognitive

score, each of which becomes more pronounced under UH model.
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7 Counterfactuals and Total Effects Decomposition

Before turning to the results, I first describe how the total effect of a counterfactual change in
parental behavior is decomposed into a direct and an indirect component. For each counterfactual
comparison, I simulate the model forward under Counterfactual (1) and separately under Counter-
factual (2), and take the difference in the resulting predicted teenage outcome; this difference is
the total effect of the counterfactual. To isolate the direct effect, that is, the portion of the total
effect that does not operate through the child’s cognitive development, I re-run both simulations
a second time, but in each case I replace the child’s cognitive score, which would otherwise evolve
endogenously along the counterfactual behavioral path, with the child’s cognitive score as actually
observed in the data. Because cognitive achievement is now held fixed at the same observed value
under both counterfactuals, any remaining difference between the two simulated outcomes cannot
be attributed to the cognitive channel, isolating the direct effect. The indirect cognitive effect is
then recovered as a residual, the total effect less the direct effect. I apply this procedure to every
counterfactual comparison below; the formal derivation is provided in Appendix A3.

Tables 10 to 12 present these counterfactual decompositions across a range of teenage outcomes,
with positive values indicating worse outcomes under the more disadvantaged or high-risk scenario.
In all the results presented, the total effect is driven almost entirely by the direct effect, with indirect
effects through child cognitive achievement being small in magnitude and mostly negative, since we

expect a higher cognitive score to reduce the likelihood of these teenage outcomes.

Marital, employment and welfare behaviors

Table 10 evaluates the role of parental marital stability by contrasting an unstable marital trajec-
tory, that is, cycling between single status, cohabitation with the biological father, and cohabitation
with another man (Counterfactual 1), against a benchmark of continuous marriage to the biolog-
ical father (Counterfactual 2). Marital instability significantly worsens two educational outcomes:
the probability of being unlikely to graduate college rises by 8.7 percentage points (p.p.), and the
probability of ever being suspended from school rises by 8.0 p.p., under the unstable marital coun-
terfactual. Marital instability also significantly raises the probability of being stopped by police,
by 8.1 p.p.. Table 11 turns to maternal economic behavior, contrasting a counterfactual in which
the mother is unemployed and persistently on welfare (Counterfactual 1) with one in which she is
employed and never receives welfare (Counterfactual 2). Disadvantaged economic conditions signif-
icantly raise the probability of ever failing a class by 11.7 p.p. and the probability of having had
sex by 8.1 p.p.. The most striking result in Table 11 is that the probability of ever being stopped
by police rises by 26.1 p.p.. Across both tables, these significant effects are overwhelmingly driven

by the direct behavioral component, with indirect cognitive effects close to zero.
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Substance use and criminal behaviors

Table 12 presents a joint counterfactual in which maternal substance use and parental criminal
involvement are varied simultaneously: Counterfactual (1) is the most adverse profile, in which the
mother drinks alcohol, smokes cigarettes, and uses marijuana in every period, is convicted in every
period, and the father is incarcerated in every period; Counterfactual (2) is the most favorable
profile, in which the mother abstains from all substances and is never convicted, and the father is
never incarcerated. The only statistically significant result is on police contact: the probability of
ever being stopped by police is 28.8 p.p. lower under the adverse profile than under the favorable one,
an effect driven almost entirely by the direct behavioral component. This counterintuitive direction
is consistent with a deterrence-type channel; for instance, a father’s continuous incarceration may
reduce the teenager’s exposure to the situations, peers, or environments that would otherwise result
in police contact.

Finally, the marginal effects in Appendix Table A.26 do not equal the sum of effects from
Tables 10 — 12. This non-additivity is central to the interpretation of the model. When behaviors
are altered jointly, their effects interact in nonlinear ways that amplify overall disadvantage. For
instance, unstable marital status, unemployment, welfare dependence, and substance use jointly
shape parent’s daily routines, time allocations, supervision quality, and stress levels in ways that
cannot be captured by summing isolated marginal effects. The presence of criminal involvement
and paternal incarceration further reinforces these mechanisms by disrupting household stability.
This finding provides strong empirical support for jointly modeling parental behaviors, rather than
treating them as independent inputs into child development. Family structure emerges endogenously
from a bundle of interrelated parental behaviors, and teenage outcomes respond to the nexus of

behaviors rather than to any single dimension in isolation.

8 Model Comparison: Alternative Behavioral Transmis-

sion Mechanisms

8.1 Summation of Parental Behavior Model

Following Chan and Liu (2025), I assume that parental behaviors enter the child’s teenage outcome
production function not as isolated period-specific shocks, nor as categorical strings, but rather
as cumulative behavioral exposure over the child’s development window. Formally, consider the

teenage outcome equation:

c 0
}/;f+1 = g(Bt7Bt—luBt—27 e '7BO70t7XZ7Xt7Zt ) Z‘?nuy7yty7u7?j+l)
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To capture the cumulative structure implied by behavioral persistence, I rewrite the model such

that the direct behavioral entry is summarized through the cumulative behavioral score:
v f 0
Yo = 9(B0. 0, X3, X3, 20 Z3 1" v/ i) (21)

where B, denotes the total number of periods in which the parent engaged in behavior B * The key
difference between the baseline (string-based) model and the behavioral summation model is that,
the baseline model emphasizes pattern recognition, but the summation model emphasizes exposure
volume allowing the outcome equation to respond proportionally rather than categorically. Table 13
presents the estimated marginal effects of summed parental behavioral histories and child cognitive
achievement on teenage outcomes.” Unlike the pattern-based specification, in which behavioral
timing and sequencing matter, this specification treats each parental behavior as a continuous
measure and interprets as an accumulated exposure. Hence, a coefficient represents the change in
the probability of a teenage outcome given one additional period of parental involvement in that
specific behavior.

One additional period spent living with the biological father significantly reduces the likelihood
that the child will ever fail a class by 1.6 percentage points (p.p.) and the probability of being
unlikely to graduate college by 1.9 p.p.. These magnitudes demonstrate meaningful long-run sig-
nificant effects of stable paternal presence on academic readiness and schooling attainment. For
welfare receipt, cumulative exposure significantly increases school suspension risk by 2.2 p.p., police
stops by 2.6 p.p., and early sexual initiation by 1.8 p.p.. The magnitude of the police stop effect
is particularly notable because it exceeds all other effects of mother’s behavior. Also, cumulative
exposure to mother’s smoking increases the probability of teenage marijuana use by 2.4 p.p.. Simi-
larly, paternal criminal history demonstrates some of the largest effects in the Table. An additional
period of father’s jail time increases teenage drinking by 1.4, marijuana use by 2.1 and police stops
by 2.2 p.p., but surprisingly decreases the probability of not having college ambitions by 2.5 p.p..
The presence of repeated paternal incarceration appears to normalize contact with formal sanc-
tions, possibly lowering perceived stigma or increasing adolescent interaction with law enforcement
systems. Finally, a 10-point increase in the cognitive score reduces the likelihood of class failure by
4.0 p.p., respectively.

In summary, the summed parental behavior specification provides a complementary interpretive
layer to the pattern-based findings. Here, parental behaviors translate not through timing effects

but through linear accumulation.

$More precisely, Bt = By + By + -+ - + B;. For example, if a mother is Employed at ¢t = 2 and t = 5, with periods
defined as ages 0, 1, 3, 5, 9, 15, then: {EageOa Eagela Eage3> Eage5a Eager EagelS} = {Oa 1,0,0, 170} = k=2

Full model-fit diagnostics for this specification are reported in Online Appendix Tables OA.19-OA.20 and Figure
OA.1.
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8.2 Contemporaneous Parental Behavior Model

Additionally, as a robustness check, this section evaluates an alternative behavioral transmission
mechanism in which teenage outcomes depend only on the most recent parental behavior, rather

than on the full history of behaviors. Again, consider the teenage outcome equation:
f 0
}/;f+1 = g(Bt7 Bt—17 Bt—27 ER) BO7 0t7 Xt ) X?v Zt ) Z?? :uy7 Vl?? u?tJ+1)

Now, instead of allowing all past parental behaviors to enter the teenage outcome production func-
tion through a pattern or cumulatively, I impose a value-added structure similar to the assumption

used for child cognitive development. Under this assumption, the teenage outcome is:
f c 6
)/t+1 :.g(BtathtaXt)Zt7Zf7l’['y7yi/au?+l) (22)

where only contemporaneous parental behavior at time ¢ directly affects adolescent outcomes, while
earlier behaviors matter only insofar as they have shaped current cognition.10 This specification
contrasts with the baseline model in which the entire behavioral history {By, B,_1, ..., By} enters
directly into the teenage outcome equation.

Table 14 reports marginal effects under the contemporaneous parental behavior Speciﬁca‘cion.11
Mother’s marital status continues to play a significant role even under this restrictive assumption.
Living with another man, as opposed to the biological father, significantly increases the probability
of teenage school suspension and marijuana use by 5.3 and 3.8 percentage points (p.p.), respectively.
In contrast, children of mothers married with the biological father reduces the likelihood of failing
a class and unlikely to graduate college by 9.3 and 7.8 p.p. compared to single mothers. Also,
maternal employment remains the only behavior which is negative across all outcomes. Employed
mother’s significantly reduces the probability of marijuana use by 5.4 p.p. and being stopped by
police by 7.4 p.p.. These effects suggest that contemporaneous mother’s labor-force participation
may improve household economic structure or serve as role modeling in ways that immediately
translate into lower adolescent risk exposure.

Welfare participation increases the likelihood of failing a class by over 13.2 p.p., this is a large
effect even by the standards of the baseline model. This magnitude remains sizable even when past
welfare exposure is excluded, highlighting the immediacy of economic conditions in shaping schooling
outcomes. Current smoking is associated with significant increases in marijuana use by 6.2 p.p., and
early sexual activity by 7.2 p.p.. A contemporaneous maternal conviction increases the probability

of failing a class by 18.6 p.p.. This magnitude underscores how active criminal involvement can

10
P(Yi41| By, @) = P(Yi41| By, Bio1, Bi—a - .., By, @)
"'Full model-fit diagnostics for this specification are reported in Online Appendix Tables OA.21-OA.22 and Figure
OA.2.
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expose children to instability in ways that have immediate educational consequences. Finally,
child cognitive achievement remains a powerful predictive factor even under the contemporaneous
parental behavior framework. A ten-point increase in cognitive score significantly reduces the
likelihood of failing a class and of early sexual activity.

The results suggest that modeling parental behavior as a dynamic pattern over the pre-teenage
period is empirically and conceptually superior to a contemporaneous parental behavior specifi-
cation that conditions only on the most recent behavior. While the contemporaneous parental
behavior model captures short-run impacts, it understates the effects that arise from persistent
exposure to parental behaviors. The baseline model (pattern-based approach) more accurately
reflects how children experience parental behaviors, not as an isolated one-period shocks, but as
sustained regimes of stability or instability that shape teenage outcomes. Empirically, the pattern
specification generates more consistent effects on teenage educational attainment, substance use,

. 12
and deviant outcomes.

9 Policy Experiments

Having established the dynamic impacts of parental behaviors on teenage outcomes, I use the model
to assess the extent to which policy interventions aimed at shifting parental behaviors along differ-
ent dimensions can generate meaningful improvements in teenage outcomes. Specifically, the first
experiment imposes an excise tax to improve parental behavior and teenage outcomes, the second
promotes sustained co-residence with the biological father, and the third upgrades a teenager’s peer

environment.

9.1 Experiment 1: From Sin-to-Skill Policy

In the Sin-to-Skill policy, I consider a counterfactual policy that imposes an excise tax on beer
and cigarettes (sin tax), with all revenues invested in child education that generate a 0.1 standard
deviation (SD) increase in test score, hence the name Sin-to-Skill policy. Specifically, the policy
considers three increments in tax levels (i.e., $0.5, $1, and $1.5 per gallon of beer and pack of
cigarette). I assume that the associated revenues are reinvested through child development pro-
grams that collectively raise county-level public school test scores by 0.1 standard deviation (SD),
which is an increment consistent with the teacher quality /value-added literature and Project STAR

(Krueger, 1999; Chetty et al., 2011). These investments may include programs like early education

" This ranking is confirmed formally by a Likelihood Ratio test comparing the behavior pattern (baseline) model
against both the behavior summation model and the contemporaneous behavior model. (see Appendix A4.1.2 for
details).
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and parental support programs, and direct family-oriented educational spending targeting needy
families.

I simulate this policy experiment by imposing an increase in beer and cigarette tax by $0.5
all periods. The tax increase and resulting test-score gain are imposed as exogenous shifts to the
relevant behavioral and production equations, rather than as a policy that parents or children
anticipate and re-optimize against in a forward-looking manner. To account for administrative lag
in public spending and the time required for investment in education to affect children’s cognitive
achievement, I model the associated increase in county-level test score as occurring only after the
first two periods. Also, rather than imposing a uniform increase in test score, I allow the policy
effect to vary across counties by drawing the test score increment from a normal distribution,
N (0.1 % SD, 1), reflecting differences in school quality and program implementation. I repeat this
experiment for the case when the tax is increased by $1 and $1.5. Table 15 reports the effects
of the sin tax policy on parental behaviors and teenage outcomes. The table presents predicted
outcomes under each tax level, a no-intervention baseline, and the difference between intervention
and baseline outcomes.

Among parental behaviors, only welfare receipt responds significantly to the policy, and it does
so at every tax level: it falls by 6.0 percentage points (p.p.) under the $0.5 tax, 9.4 p.p. under
the $1 tax, and 10.9 p.p. under the $1.5 tax. Parental smoking declines significantly only at the
lowest tax level, by 4.5 p.p., and parental marijuana use declines significantly at the $0.5 and $1
tax levels, by 1.3 and 1.9 p.p. respectively. These results suggest that the sin taxes, combined with
educational investment, shift families away from public assistance toward labor market attachment,
and is effective in curbing substance use. Among teenage outcomes, only alcohol use responds
significantly to the policy: the probability of ever having drunk alcohol falls by 2.9, 3.3, and 3.6
p.p. at the $0.5, $1, and $1.5 tax levels, respectively.

A key insight from Table 15 emerges when comparing marginal changes as the tax increases
from $0.5 to $1 and from $1 to $1.5. For parental behaviors, each additional $0.5 increase in the
tax generates sizable improvements, particularly for employment, welfare receipt and smoking. In
contrast, for teenage outcomes, the marginal gains from increasing the tax diminish as the tax
rises. This distinction has important policy implications. If the government’s primary objective is
to curb harmful parental behaviors, such as substance use or over-reliance on welfare, then higher
and progressively increasing sin taxes appear highly effective. However, if the policy goal extends to
improving downstream teenage outcomes, then most of the gains appear to be realized at relatively

modest tax levels, with diminishing returns to larger tax increases.
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9.2 Experiment 2: Father-to-Foundation Policy

In 2025 the Office of Family Assistance (OFA) launched the FORGE Fatherhood program, which
supports responsible fatherhood by promoting and sustaining marriage, responsible parenting, and
economic stability. This section evaluates a related counterfactual policy experiment that in-
centivizes biological fathers to cohabit with or marry the mother and remain present and non-
incarcerated during the child’s early years. Conceptually, the policy can be interpreted as a tax
credit, cash transfer, or economic training program conditioned on biological parents residing to-
gether during targeted developmental periods in fragile families.

To assess whether the duration of co-residence matters for downstream teenage outcomes, I
simulate the experiment across three incremental intervention windows: from birth through Age
1, from birth through Age 3, and from birth through Age 5. In each window, I impose that all
mothers are married to or cohabiting with the biological father, and that the biological father
is simultaneously present and non-incarcerated, for the duration of the intervention. Following
each window, parents resume their endogenously determined lifecycle behaviors. Table 16 reports
predicted teenage outcomes under each intervention duration alongside the no-intervention baseline.

The results reveal a clear dose-response pattern: no effect reaches statistical significance under
the shortest, one-year intervention window, but effects strengthen and become statistically sig-
nificant as the window extends toward Age 5. Extending co-residence through Age 3 makes the
reduction in marijuana use significant, falling by 2.2 p.p.. Sustaining co-residence through Age 5
yields the largest estimated effects: the probability of ever failing a class falls by 3.9 p.p., school
suspension falls by 3.4 p.p., and marijuana use falls by 2.1 p.p.. These findings are consistent with
Heckman'’s technology of skill formation (Heckman, 2006; Cunha and Heckman, 2007), which em-
phasizes that the period from birth through age five is the most critical window for early childhood
investment, since cognitive and non-cognitive skills are most malleable and early inputs are most
productive. The model results suggest that paternal co-residence generates statistically detectable
returns only when sustained through this full early-childhood window; interventions confined to the
first year of life are too short to produce measurable improvements in teenage outcomes.

Consistent with this interpretation, the effects that do emerge likely operate through improved
household resources and reduced maternal stress feeding into the cognitive production function
during the period when it is most responsive, with these early cognitive gains propagating into the
observed improvements in educational and behavioral outcomes at age 15. For the full-lifecycle
comparison, in which the mother is always married to or cohabiting with the biological father
throughout childhood, the reader is referred to Table 10, where effects are larger, underscoring that

it is the sustained behavioral trajectory that drives the strongest outcomes.
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9.2.1 The Heckman Critical Window Test

To directly test the critical window hypothesis, I conduct an additional experiment that imposes the
same co-residence requirement (biological father married to or cohabiting with the mother, present
and non-incarcerated) exclusively to the period after Age 5, when Heckman’s critical window has
closed. Table 17 presents the results side by side: the Birth—Age 5 intervention in the left column
and the Above Age 5 intervention in the right column. Within the critical window (Birth—Age 5),
co-residence reduces grade failure by 3.9 p.p., school suspension by 3.4 p.p., and marijuana use
by 2.1 p.p.. Beyond the critical window (Above Age 5), the effects shrink and are insignificant,
and in several cases reverse in sign: the probability of ever drinking alcohol, marijuana use, and
having sex all rise. This within-versus-beyond comparison constitutes a direct empirical validation of
Heckman'’s technology of skill formation within a dynamic model. Figure 6 traces this same pattern
directly through the child’s cognitive score: the simulated gain rises monotonically from 0.044 of a
baseline SD under the Birth—Age 1 window, through to 0.072 under the full Birth-Age 5 window,
compared to 0.017 SD gain under the Above Age 5 placebo. The same policy intervention (Father-
to-Foundation) generates significant improvements in teenage outcomes when applied during the
0-5 critical period, and essentially no to less improvement when applied after it. The result is driven
by when the parental behavior change occurs in the developmental lifecycle. This finding reinforces
the message: for children in fragile families, the timing of paternal investment matters as much as
its presence, and policies that fail to reach families during the early childhood critical window are

unlikely to generate lasting improvements in teenage outcomes.

9.3 Experiment 3: Peer-to-Promise Policy

Adolescent peer networks are a well-documented channel through which risk behaviors and educa-
tional aspirations spread among teenagers (Ali and Dwyer, 2009). Policies that reshape a child’s
social environment, such as school choice and magnet-school access, or neighborhood mobility
programs that relocate families to higher-opportunity areas (Chetty and Hendren, 2018), oper-
ate through exactly this channel by changing who a teenager’s peers are, rather than by changing
the teenager’s own household directly. This section evaluates a counterfactual Peer-to-Promise pol-
icy that upgrades a teenager’s peer environment: shifting peers away from substance use (drinking,
smoking, and marijuana use) and toward positive peer behaviors (studying and college aspirations),
without altering any of the parental behaviors modeled elsewhere in the paper.

I implement this experiment by reassigning teenagers’ peer characteristics at three incremental
magnitudes, A = 0.1, 0.2, and 0.3 standard deviations (SD). For the substance-use peer variables
(peer drinking, peer smoking, peer marijuana use), a fraction of peers is randomly reassigned from

users to non-users such that the peer group mean falls by AX SD; for the positive peer variables
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(peer study habits, peer likelihood of graduating college), a fraction of peers is randomly reassigned
upward such that the peer group mean rises by AX SD. All peer variables remain binary throughout
the simulation. This policy can be interpreted as a stylized school reassignment, magnet school
access, or neighborhood mobility program that shifts the social environment a teenager is embedded
in, holding the family environment fixed. Table 18 reports the resulting teenage outcomes under
each magnitude of intervention relative to a no-intervention baseline reflecting the observed peer
environment in the FFCWS sample.

The policy exhibits a clear dose-response pattern: as the peer-environment shift grows from
A =0.1to A = 0.3 SD, both the magnitude and the number of statistically significant effects
increase. At the smallest shift (A = 0.1), only teenage drinking responds significantly, falling by
2.2 p.p.. At the intermediate shift (A = 0.2), the reduction in drinking grows to 3.9 p.p., and three
additional outcomes become significant: marijuana use falls by 3.6 p.p., police contact falls by 2.8
p.p., and having had sex falls by 2.6 p.p.. At the largest shift (A = 0.3), all four of these effects
strengthen further (drinking falls by 5.3 p.p., marijuana use by 5.7 p.p., police contact by 4.3 p.p.,
and having had sex by 3.8 p.p.), and two educational outcomes become statistical significance: the
probability of being unlikely to graduate college falls by 3.3 p.p., and the probability of ever being
suspended from school falls by 3.1 p.p.. The probability of ever failing a class declines modestly at
every magnitude but is not statistically significant at any level.

These results reveal that the peer channel operates with a threshold-like structure: modest
peer-environment improvements meaningfully curb substance use, but noticeably larger shifts are
needed before the policy registers detectable gains in school suspension and college aspirations,
and failing a class never responds significantly within the range of magnitudes considered. This
pattern suggests that peer-based interventions, such as school assignment or neighborhood mobility
programs, may need to induce fairly substantial changes in a teenager’s social environment before
generating measurable academic benefits, even though more modest shifts are sufficient to reduce
substance use and risk-taking behavior. Relative to the Sin-to-Skill policy, which achieves its most
robust effects on parental welfare receipt and a narrow set of downstream teenage outcomes, the
Peer-to-Promise policy reaches a broader set of statistically significant teenage outcomes at its
largest magnitude, underscoring that adolescent peer environments are a potent lever for shaping

teenage outcomes.

10 Conclusion

The paper estimates the causal impacts of observed parental behaviors (marriage/cohabitation, em-
ployment, social services assistance, substance use, and criminal behavior) at different ages of child

development on the child’s teenage outcomes, specifically, cognitive ability, educational attainment,
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substance use, and criminal outcomes. Using data from the Fragile Families and Child Wellbeing
Study (FFCWS), I jointly estimate children’s teenage outcomes with parents’ age-specific behav-
iors, accounting for both permanent and time-varying unobserved family heterogeneity, and allowing
for the effects of parental behavioral trajectories to operate through both direct pathways and an
indirect channel running through the child’s cognitive skill development. Beyond accounting for un-
observed heterogeneity, the model jointly estimates five parental behaviors, marriage/cohabitation,
employment, welfare receipt, substance use, and criminal behavior, as dynamically and jointly deter-
mined choices rather than as isolated, single-period decisions, and maps their evolving trajectories
onto multiple teenage outcomes spanning education, substance use, and delinquency within one in-
ternally consistent framework. Endogeneity is addressed throughout using theoretically motivated
instruments and the dynamic panel structure of the data, rather than relying on the single-behavior,
single-period reduced-form approaches common in the existing literature.

I find that the timing, persistence, and joint nature of parental behaviors matter for teenage
outcomes. Sustained marital stability and consistent employment generate the largest gains in
educational attainment, while criminal record and substance use effects are more heterogeneous
across outcomes. The joint modeling of these behaviors proves essential: the combined effect of
adverse behavioral patterns exceeds the sum of their isolated marginal contributions, reflecting the
nonlinear and mutually reinforcing nature of disadvantage in fragile families. The decomposition
of behavioral effects into direct behavioral and indirect cognitive channels reveals that parental
behaviors shape adolescent outcomes through mechanisms beyond cognitive development alone,
that includes non-cognitive development, and role modeling.

Three policy experiments illustrate what the model’s estimates imply for intervention design.
A Sin-to-Skill policy combining excise taxes on beer and cigarettes with reinvestment into county-
level education significantly reduces welfare dependence and, to a lesser degree, parental smoking,
marijuana use, and teenage drinking. A Father-to-Foundation policy that sustains biological-father
co-residence generates statistically detectable gains in educational and substance-use outcomes only
when maintained through age five, underscoring that the benefits of early family stability accumulate
over developmental time rather than materializing from short-run interventions. A Peer-to-Promise
policy that upgrades a teenager’s peer environment shows a similar dose-response, with larger
shifts in peer composition generating significant improvements across a broad set of educational,
substance-use, and deviant-behavior outcomes. The policy results underscore that improving child
outcomes in fragile families requires sustained, multi-dimensional interventions rather than isolated

policy changes targeting a single behavior at a single point in time.
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Tables

Table 1: FFCWS Sample Compared to the 1998 US Population

FFCWS data 1998 US Population
Women in Single women All women
baseline sample giving birth
Race White non-Hispanic 21% 40% 60%
Black non-Hispanic 48% 32% 15%
Hispanic 27% 24% 19%
Other 4% 4% 6%
Unmarried 76% 100% 44%
US-Born 83% 83% 88%
Education  Less than High School 35% 22%
High School 30% 33%
Some College 24% 22%
College or Graduate 11% 23%

Notes: This table compares the demographic characteristics of mothers in the Fragile Families and Child
Wellbeing Study (FFCWS) baseline sample to two reference groups drawn from the 1998 US population:
single women who recently gave birth, and all women of childbearing age. The FFCWS is a birth cohort
study that surveyed families at the time of a child’s birth in large US cities (population over 200,000)
between 1998 and 2000, with a deliberate oversample of unmarried parents. As a result, the FFCWS
baseline sample is disproportionately composed of unmarried, minority, and less-educated mothers relative
to the general US population, but is broadly comparable to the national population of single women giving
birth. Education statistics for single women giving birth are not available for the 1998 US population
comparison and are therefore left blank. Percentages may not sum to 100 due to rounding.
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Table 2: Summary Statistics of Endogenous Variables across Waves (N = 1,615)

Wave: 1 2 3 4 5 6

Period t Behaviors Child’s age: Birth Year 1 Year 3 Year 5 Year 9 Year 15
Married/Cohabitation (Dad Present)

Single (No Dad) 39% 411% 45% 49% 54% 42%

With biological father 61% 58% 54% 47% 38% 32%

With another man 1% 1% 4% 8% 26%
Mom Employed 81% 7% 81% 80% 79% 73%
Mom on Welfare 34% 24% 20% 17% 17% 9%
Mom Substance Use

Alcohol 10% 35% 55% 58% 65% 64%

Smoking 18% 26% 21% 30% 28% 24%

Marijuana 1% 3% 2% 4% 5%
Mom Convicted 1% 1% 1% 3% 2% 3%
Dad in Jail 4% 5% ™% ™% ™% 16%
Cognitive Score (average) 80.000  80.017  80.039  80.003

Notes: The table reports the distribution of endogenous parental behaviors and child cognitive achievement across
the six waves of the Fragile Families and Child Wellbeing Study (FFCWS), corresponding to the child’s birth,
age 1, age 3, age 5, age 9, and age 15. The sample comprises 1,615 families who are observed across all six waves.
All behavioral variables are binary indicators reported as proportions, with the exception of marital/cohabitation
status, which is a three-category variable distinguishing between single (no father present), cohabiting or married
with the biological father, and cohabiting or married with another man. Alcohol use at Wave 1 (Birth) reflects
drinking reported during pregnancy and is therefore substantially lower than subsequent waves. Marijuana use
and conviction rates are blank at Birth as these variables are not observed at that wave. The cognitive score is
a standardized measure of the child’s cognitive achievement normalized to a mean of 80 within each wave. The
sharp increase in father’s incarceration at Age 15 and the rise in cohabitation with another man over time are
consistent with the broader literature on relationship instability in fragile families.

Table 3: Summary Statistics of Teenage Outcome Variables (N = 1,615)

Wave 6
Child’s age Year 15
Education Ever Failed a Class 46.2%
Likely Not to Graduate College 32.5%
Ever Suspended/Expelled from School 27.6%
Substance Use Ever Drunk Alcohol 13.0%
Ever Used Marijuana 17.8%
Deviant Outcomes Ever Stopped by Police 25.7%
Ever Had Sex 15.0%

Notes: The table reports the seven teenage outcome variables measured at
Wave 6 of the Fragile Families and Child Wellbeing Study (FFCWS), when
the focal child is 15 years of age. All outcomes are binary indicators reported
as proportions. Fducation outcomes capture academic performance and school
behavior, including whether the child has ever failed a class, likely not of grad-
uating college, and whether the child has ever been suspended or expelled from
school. Substance use outcomes capture whether the child has ever consumed
alcohol or used marijuana by age 15. Deviant outcomes capture early engage-
ment in risky behaviors, including whether the child has ever been stopped by
the police and whether the child has ever had sex.
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Table 4: Difference in Means of Teenage Outcomes by Parental Behaviors

Mom’s Marital Status
Always Married to Dad
Not Always Married to Dad
Difference

Mom’s Employment Status
Always Employed

Not Always Employed
Difference

Mom’s Welfare Status
Not Always on Welfare
Always on Welfare
Difference

Mom’s Drinking Behavior
Never Drinks Alcohol

Drinks Alcohol

Difference

Mom’s Smoking Behavior
Never Smokes Cigarettes
Smokes Cigarettes

Difference

Mom’s Marijuana Use
Never Uses Marijuana
Uses Marijuana
Difference

Mom’s Criminal Behavior
No Criminal Record

Criminal Record

Difference

Dad’s Criminal Behavior
Never In Jail

Been In Jail

Difference

Teenage Outcomes

Ever Unlikely to  Ever Ever Ever Ever Ever
Failed Graduate Suspended  Drunk Used Stopped Had
Class College from Sch Alcohol Marijuana by Police  Sex
0.239 0.209 0.086 0.108 0.056 0.157 0.026
0.506 0.348 0.313 0.134 0.202 0.277 0.175
—0.268%**  —0.139%**  —0.227%**  —0.026 —0.146%**  —0.120%**  —0.149***
0.412 0.273 0.249 0.133 0.171 0.231 0.140
0.502 0.366 0.296 0.128 0.183 0.277 0.159
—0.090***  —0.093***  —0.047** 0.005 -0.012 —0.046**  -0.019
0.459 0.324 0.271 0.129 0.176 0.251 0.147
0.700 0.450 0.650 0.200 0.300 0.700 0.450
—0.241**  -0.126 —0.379***  —0.071 -0.124 —0.449%FF  —(0.303***
0.467 0.275 0.263 0.100 0.146 0.233 0.138
0.461 0.334 0.278 0.135 0.183 0.261 0.153
0.006 —0.059* —-0.015 —-0.035 -0.037 —-0.028 —-0.015
0.412 0.303 0.231 0.121 0.140 0.232 0.124
0.542 0.359 0.347 0.144 0.238 0.297 0.192
—0.130***  —0.056** -0.116%**  —0.022 —0.098***  —0.066*** —0.067***
0.444 0.314 0.251 0.125 0.163 0.247 0.138
0.639 0.435 0.517 0.177 0.320 0.354 0.272
—0.195%**  —0.121***  —0.266*** —0.052* —0.156***  —0.106***  —0.134***
0.441 0.310 0.256 0.124 0.163 0.246 0.142
0.630 0.448 0.431 0.177 0.293 0.343 0.221
—0.189***  —(.138***  —(0.175%%*  —0.053**  —0.130%** —0.096*** —0.079***
0.377 0.272 0.171 0.105 0.111 0.201 0.094
0.543 0.376 0.376 0.154 0.241 0.310 0.205
—0.166***  —0.104***  —0.205%%*  —0.049***  —0.130%** —0.109*** —(Q.111%**

Notes: The table reports mean teenage outcomes at age 15 separately by parental behavior group, along with the difference
in means between groups, for each of the eight parental behaviors modeled in this paper. All teenage outcomes and parental
behavior indicators are binary variables; values represent proportions. For each parental behavior, families are classified
based on whether the mother (or father) ever exhibited that behavior across the five pre-teenage developmental periods
(Birth, Age 1, Age 3, Age 5, and Age 9). Marital status is classified based on whether the mother was always married to
or cohabiting with the biological father across all periods. Sample size is N = 1,615 families. *** p < 0.01, ** p < 0.05, *

p < 0.1.
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Table 5: Parental Behavior Patterns

Mom Marital Status (M) Mom Employment (E;) Mom Welfare Receipt (W)
always single always unemployed never on welfare

with biodad always always employed always on welfare

single early ever emp. early & always unemp. late ever on wel. early & never on wel. late
with biodad early always unemp. early & ever emp. late never on wel. early & ever on wel. late
unstable relationship intermittent employment intermittent welfare

other marital patterns

Mom Drinking (gi) Mom Smoking (Ef} Mom Marijuana Use (gf)
never drinks never smokes never use marijuana

always drink always smoke ever use marijuana

start drinking early & quit late start smoking early & quit late

never drunk early & start drinking late never smoked early & start smoking late

intermittent drinking intermittent smoking

Mom Conviction (R;) Dad in Jail (J,)

never convicted never in jail

first-ever conviction was early first-ever jail was early

first-ever conviction was late first-ever jail was late

Notes: The table summarizes the parental behavior trajectory patterns. Rather than using single-period behavioral snap-
shots, each pattern captures the full lifecycle history of a parental behavior, denoted by the arrow notation =, accumulated
across the six developmental periods: Birth, Age 1, Age 3, Age 5, Age 9, and Age 15. “Early” refers to behaviors occurring
during the first three periods (Birth, Age 1, and Age 3), while “Late” corresponds to behaviors observed during the latter
three periods (Age 5, Age 9, and Age 15). Marital status patterns distinguish between stability with the biological father,
instability, and transitions involving other partners. Employment and welfare patterns capture persistence, entry, exit, and
intermittency over the lifecycle. Substance use patterns for drinking and smoking additionally distinguish between early
initiation with later cessation, late initiation, and intermittent use. Due to its lower prevalence in the sample, marijuana use
is captured by a binary indicator of whether the mother ever used marijuana over the lifecycle. Similarly, conviction and
incarceration patterns distinguish between never occurring, first occurring early, and first occurring late in childhood. All
patterns are constructed from the FFCWS data and reflect the observed behavioral heterogeneity among fragile families.
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Table 6: Specification Summary: Jointly Estimated Behaviors and Outcomes

Dependent Explanatory Variables Unobservables Likelihood
Variables Endogenous Exogenous €t Contribution
Parental Behaviors
. c m M M M
Marital Status M} M1, Ei-1,Wi-1,S¢-1, Re-1,0i-1 X, Xt , 2 [T 2 T P(M; =m), m=0,1,2
Employment Et Mt—17Et—lzwt—lyst—lvRt—179t—l XE,X;TL,Z,: Hos Ve, U IP(Et =6)7 e=0,1
Welfare Wy My_1,E1,Wi_1,81-1,Ri-1,001 X{, X", 2 1wV uy P(W; =w), w=0,1
1 1 1
Drinking S M1, B, W1, Sic1, Recr, 01 X5, XV 2 pSv ul P(S{ =s'), s' =01
. 2 ¢ m s? g 2 2 _ 2y 2_
Smoking S} M1, B4-1,Wio1,8¢-1, Re-1,0i-1 X4, Xy, Zy B Ve, ug P(S; =s57), s°=0,1
3 3 3
Marijuana use Sy My, By, Wiy, 81, Reo1, 001 X5, X1 2, Wl P(S; =5°), s°=0,1
Conviction Rt Mt—17Et—17Wt—175t—17Rt—176t—1 X:,X?,Zt Ho Ve Uy ]P(Rt =T)7 T=D71
. c d J J . .
Jail Jy Ji-1, 01 X, Xy, Zyt B, Ve, U P(Jy =j), j=0,1
Child
COgnitive score gt Mtv Et’ Wt7 St: Rtv Jta ot—l vaX'trn7Xtd7Zt9 H’gz Vt67 uf ¢0t+1(')

Teenage outcome Y7

Initial Conditions

Initial marital status My
Initial employment E;

Initial welfare Wy
Initial drinking Si
Initial smoking Sf
Initial jail Jy

Initial cognitive score 64

Mtv Eta Wy, S, T%tv 7t7 0y

Mt) Et: Wt: St7 Rt

Xi, X7 x{, 27,27

X7z,
Xi", Z,
Xi", Z,
Xi", Z,
X7, 2z,
X!, z,

X7, x¢ 7]

o o o
s Vi Uiyl

M ufh
p gt
IETHE
H‘S% » U i
Msi ulsf
MJI ; ull
pt,

P(Y7. =), y=0,1
o=1,2,...,7

P(M; =m), m=0,1
P(E; =€), e=0,1
P(W; =w), w=0,1
P(Si=s'), st =0,1
P(S? =s%), s>=0,1
P(J1=j), 7=0,1

")

Notes: The table summarizes the full system of 23 jointly estimated equations comprising 8 parental behavior equations, 1 child cog-
nitive score equation, 7 teenage outcome equations, and 7 initial conditions equations. Xy, X;', and X f denote vectors of time-
varying exogenous characteristics of the child, mother, and father, respectively. The mother’s policy and supply-side environment is
Z; = (ZtM, ZtE, Z,YV, Ztsl R Z,SR)7 comprising supply-side variables related to marital status, employment, welfare receipt, substance use, and
criminal conviction, respectively. For the father’s jail equation, Z; = {ZtJ} denotes the supply-side environment governing incarceration.
Zf denotes county-level variables affecting child cognitive achievement, and Zf denotes peer characteristics that enter the teenage outcome
equations. p and v; denote permanent and time-varying unobserved family heterogeneity, respectively, while u; is an equation-specific
idiosyncratic error term. I estimate the joint distribution of the u’s and v;’s. The arrow notation = denotes the full history of a variable
accumulated over the developmental lifecycle. Discrete equations contribute logit or multinomial logit probabilities to the likelihood, while

continuous equations contribute normal densities ¢(-).
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Table 7: Supply-Side Variables Categorized by Related Behavior (Z,)

Related Behavior Instrumental Variable
Marital Status (M) County-level fraction of people aged 15 or older who are married and not separated
Employment (FE) City-level unemployment rate
Welfare (W) County-level percentage of households on public assistance
Substance Use (5)
Alcohol (S 1) State-level alcohol tax per gallon of beer
Smoking (5’2) State tax per pack of cigarettes
Marijuana (5’3) State marijuana decriminalization laws
Crime (R and J) County-level violent crime rate
Cognitive Score (6) County-level income-adjusted test score

Teenage Outcomes (Y°) Peer drinking, peer smoking, peer marijuana use, peer study habits,
peer likelihood of graduating college

Notes: All supply-side instruments are measured in the calendar year corresponding to the observed outcome B,
or 0; in which they serve as exclusion restrictions. In addition to these external instruments, lagged endogenous
behaviors B;_1 and lagged cognitive score 8;_ serve as internal instruments in the dynamic equations, exploiting
the sequential structure of the model. Marital status, employment, welfare, crime and cognitive instruments are
drawn from county- and city-level administrative data from the Bureau of Labor Statistics and Opportunity
Insight. Alcohol and smoking instruments are drawn from Tax Policy Center and CDC (Orzechowski and
Walker) respective. Marijuana instrument data are from Marijuana Policy Project and MJBizDaily. Peer
characteristics are drawn from the FFCWS and capture the local peer environment faced by the focal child at
age 15.
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Table 8: Summary Statistics for Model Fit

Observed Simulated
Mean Std. Dev. Mean Std. Dev.

Parental Behaviors
Marriage/cohabitation status

single 0.450 0.498 0.453 0.498

with biodad 0.484 0.500 0.480 0.500

with another man 0.066 0.249 0.068 0.251
Employed 0.782 0.413 0.782 0.413
Welfare Receipt 0.203 0.402 0.198 0.398
Substance Use

Drinking 0.476 0.499 0.476 0.499

Smoking 0.243 0.429 0.232 0.422

Marijuana use 0.025 0.157 0.024 0.154
Conviction 0.016 0.125 0.015 0.121
Jail 0.076 0.266 0.073 0.261

Child
Cognitive score 80.012 11.189 79.991 11.082
Teenage Outcomes

Ever failed class 0.462 0.499 0.473 0.499
Unlikely to graduate college 0.325 0.468 0.331 0.471
Ever suspended from school 0.276 0.447 0.287 0.452
Ever drunk alcohol 0.130 0.336 0.133 0.340
Ever used marijuana 0.178 0.382 0.178 0.383
Ever stopped by police 0.257 0.437 0.260 0.439
Ever had sex 0.150 0.358 0.157 0.364

Notes: The table assesses the in-sample fit of the jointly estimated model by comparing
observed and simulated means and standard deviations for all endogenous variables in the
system. Observed values are computed directly from the FFCWS sample of N = 1,615
families. Simulated values are generated by drawing 1000 replications from the estimated
model, assigning each family a permanent type p and a time-varying shock v; each period
from the estimated discrete factor random effects distributions, and simulating the full
lifecycle of parental behaviors, child cognitive skill, and teenage outcomes forward from the
initial period. All parental behavior and teenage outcome variables are binary indicators;
reported means therefore represent proportions. Overall model fit is summarized by the
Mean Absolute Deviation (MAD) between simulated and observed means, defined as MAD =
% Zf:l |Simulated;, —Observed,| = 0.005, indicating that the model reproduces the observed
data moments with a high degree of accuracy.
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Table 9: Estimation Results: Correlated Unobserved Heterogeneity — Baseline Model

Married to / Cohabiting with Prob.
Biodad Another Man Employment Welfare Weight
Mass Point Coeff Std Err Coeff Std Err Coeff Std Err Coeff Std Err
Permanent
2 —0.900 0.544 —0.030 0.222 0.770***  0.260 —0.169 0.300 0.341
3 0.310 0.559 0.017 0.256 —0.488**  0.195 0.539*%**  (0.195 0.191
4 -1.035 0.923 0.287 0.390 0.694***  0.266 —0.029 0.294 0.133
Time-varying
2 —50.654***  (0.395 —0.855 1.193 —0.599*%**  0.196 0.624***  0.192 0.538
3 —51.931%**  0.513 -1.034 1.289 1.053 0.700 —15.494***  0.000 0.136
4 —75.975%**  0.656 —-1.222 1.227 -0.021 0.223 1.375%** 0.213 0.174
Prob.
Drinking Smoking Marijuana Use Conviction Weight
Mass Point Coeff Std Err Coeff Std Err Coeff Std Err Coeff Std Err
Permanent
2 2.251%**  (.189 2.678%**  (.738 2.745%**  0.696 —0.245 0.542 0.341
3 1.207*%%%  0.316 5.705%**  (0.646 2.238%**  (.642 0.297 0.459 0.191
4 3.165%**  (0.398 6.246***  0.723 3.873***  (0.638 0.800 0.520 0.133
Time-varying
2 —-0.167 0.180 -0.417 0.271 —-0.199 0.446 —0.387 0.754 0.538
3 —0.846** 0.330 —1.354***  (.482 -0.919 0.665 —56.060***  0.000 0.136
4 —0.164 0.183 0.406 0.285 0.647 0.406 1.162%* 0.530 0.174
Ever Failed Unlikely to Ever Suspended Prob.
Jail Class Graduate College from School Weight
Mass Point Coeff Std Err Coeff Std Err Coeff Std Err Coeff Std Err
Permanent
2 0.664***  0.236 0.302 0.501 —0.252 0.400 0.243 0.543 0.341
3 0.469* 0.254 —0.553 0.750 —0.937 0.787 0.241 0.848 0.191
4 0.436 0.402 0.289 1.011 —0.442 0.994 1.671 1.096 0.133
Time-varying
2 2.557F** (0.478 —1.146***  0.397 —0.869**  0.442 -0.733 0.495 0.538
3 2.555%**  0.707 1.076 0.898 0.732 0.772 1.693%* 0.796 0.136
4 4.311%*%*%  0.517 —0.450 0.439 —0.423 0.534 0.631 0.527 0.174
Ever Drunk Ever Used Ever Stopped Ever Had Prob.
Alcohol Marijuana by Police Sex Weight
Mass Point Coeff Std Err Coeff Std Err Coeff Std Err Coeff Std Err
Permanent
2 0.658 0.693 1.552%* 0.914 0.740 0.521 1.568%* 0.763 0.341
3 0.043 1.072 2.082%* 1.232 1.181 0.909 1.111 1.112 0.191
4 —0.149 1.315 3.054* 1.654 2.237* 1.280 1.326 1.295 0.133
Time-varying
2 —2.385%**  0.707 —2.173***  0.695 —1.308**  0.520 —1.536** 0.678 0.538
3 0.523 0.925 2.164%* 1.260 —0.351 0.767 1.244 0.881 0.136
4 0.794 0.632 3.782*%**  (0.967 0.118 0.518 2.273%** (0.789 0.174

Notes: Permanent and time-varying UH mass points are relative to type 1, which is normalized to zero with probability
weights of 0.335 and 0.152, respectively. Coefficients for the marital status equation are log odds relative to the reference
category Single (No Dad Present). All other behavioral and outcome equations report log odds coefficients. All types

are estimated jointly via FIML.

* %k %k

p < 0.01; **p < 0.05; *p < 0.10.
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Table 10: Marital Status: Counterfactual and Total Effects Decomposition

Counterfactual Total Direct Indirect
(1) (2) Effect Behavioral Cognitive

Effect Effect

Ever failed class 0.473 0.412 0.060 0.055 0.005
(0.048)

Unlikely to graduate college 0.374  0.286 0.087"* 0.090 -0.003
(0.043)

Ever suspended from school 0.327  0.246 0.080™" 0.079 0.001
(0.040)

Ever drunk alcohol 0.145 0.164 —-0.018 -0.020 0.001
(0.034)

Ever used marijuana 0.181 0.177 0.004 0.002 0.002
(0.035)

Ever stopped by police 0.316  0.236 0.081" 0.082 -0.001
(0.043)

Ever had sex 0.150 0.143 0.006 0.005 0.001
(0.030)

Notes: The table reports counterfactual predicted teenage outcomes and a decomposition of the total effect of maternal marital
status trajectories on teenage outcomes, simulated using the estimated dynamic model. Two counterfactual marital status trajec-
tories are compared: Counterfactual (1) reflects an unstable marital history in which the mother transitions through the sequence
single — with biological father — single — with another man — single. Counterfactual (2) reflects a stable marital history in which
the mother is always married to or cohabiting with the biological father. Total Effect = Counterfactual (1) — Counterfactual (2).
Total Effect is decomposed into a Direct Behavioral Effect, and an Indirect Cognitive Effect. Simulated outcomes are averaged over
1,000 parametric bootstrap replications; standard errors are reported in parentheses. *p < 0.10; **p < 0.05; ***p < 0.01.
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Table 11: Employment and Welfare: Counterfactual and Total Effects Decomposition

Counterfactual Total Direct Indirect
(D) (2) Effect Behavioral = Cognitive

Effect Effect

Ever failed class 0.546  0.429 0.117" 0.102 0.015
(0.070)

Unlikely to graduate college 0.345 0.296 0.049 0.051 —0.002
(0.065)

Ever suspended from school 0.365 0.258 0.107 0.100 0.007
(0.066)

Ever drunk alcohol 0.092 0.128 —0.036 —-0.036 0.000
(0.037)

Ever used marijuana 0.155 0.165 —0.009 -0.013 0.004
(0.044)

Ever stopped by police 0.479  0.218 0.261"*" 0.258 0.003
(0.072)

Ever had sex 0.220  0.139 0.081" 0.072 0.009
(0.048)

Notes: The table reports counterfactual predicted teenage outcomes and a decomposition of the total effect of maternal employment
and welfare receipt trajectories on teenage outcomes, simulated using the estimated dynamic model. Two counterfactual scenarios
are compared jointly along both the employment and welfare dimensions: Counterfactual (1) reflects the most disadvantaged
economic trajectory, in which the mother is persistently unemployed and continuously receives welfare across all developmental
periods. Counterfactual (2) reflects the most advantaged economic trajectory, in which the mother is consistently employed and
never recetves welfare across all developmental periods. Total Effect = Counterfactual (1) — Counterfactual (2). Total Effect
is decomposed into a Direct Behavioral Effect, and an Indirect Cognitive Effect. Simulated outcomes are averaged over 1,000
parametric bootstrap replications; standard errors are reported in parentheses. *p < 0.10; **p < 0.05; ***p < 0.01.
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Table 12: Substance Use and Criminal Record: Counterfactual and Total Effects De-
composition

Counterfactual Total Direct Indirect
(1) (2) Effect Behavioral Cognitive

Effect Effect

Ever failed class 0.598 0.452 0.147 0.126 0.020
(0.214)

Unlikely to graduate college 0.385 0.234 0.151 0.155 —0.004
(0.195)

Ever suspended from school 0.195 0.293 —0.099 -0.107 0.008
(0.186)

Ever drunk alcohol 0.188 0.105 0.083 0.082 0.002
(0.153)

Ever used marijuana 0.312 0.212 0.099 0.094 0.006
(0.165)

Ever stopped by police 0.062  0.351 -0.288™" -0.291 0.003
(0.135)

Ever had sex 0.267 0.216 0.052 0.044 0.008
(0.165)

Notes: The table reports counterfactual predicted teenage outcomes and a decomposition of the
total effect of maternal substance use and parental criminal involvement on teenage outcomes,
simulated using the estimated dynamic model. Both dimensions are varied simultaneously across
counterfactuals: Counterfactual (1) reflects the most adverse profile, in which the mother drinks
alcohol, smokes cigarettes, and uses marijuana in every developmental period while also being con-
victed in every period, and the father is incarcerated in every period. Counterfactual (2) reflects
the most favorable profile, in which the mother abstains from all substances and is never convicted,
and the father is never incarcerated, across all developmental periods. Total Effect = Counterfac-
tual (1) — Counterfactual (2). Total Effect is decomposed into a Direct Behavioral Effect, and
an Indirect Cognitive Effect. Simulated outcomes are averaged over 1,000 parametric bootstrap
replications; standard errors are reported in parentheses. *p < 0.10; **p < 0.05; ***p < 0.01.
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Table 13: Marginal Effects of Summed Parental Behavior and Cognitive Achievement
on Teenage Outcomes

Summed Ever Unlikely to Ever Ever Ever Ever Ever
Behavior Failed Graduate Suspended Drank Use Stopped had
Class College from Sch Alcohol Marijuana by Police Sex
Biodad —0.016**  —0.019%** 0.006 —0.001 —0.005 0.005 0.001
(0.007) (0.006) (0.006) (0.005) (0.005) (0.006) (0.004)
Another Man —0.014 —0.007 0.015 0.014 0.013 0.005 0.014
(0.018) (0.017) (0.015) (0.013) (0.014) (0.015) (0.012)
Employment —0.008 —0.008 0.012 0.016 0.017 -0.012 0.010
(0.013)  (0.014) (0.012) (0.014)  (0.017) (0.012) (0.012)
Welfare 0.015 0.007 0.022** 0.007 0.010 0.026*** 0.018***
(0.011) (0.010) (0.009) (0.006) (0.006) (0.009) (0.006)
Drink 0.000 0.006 —0.018 0.021 0.026 0.009 0.006
(0.028) (0.032) (0.029) (0.025) (0.036) (0.024) (0.026)
Smoke 0.007 —0.004 —0.010 0.010 0.024** —0.003 0.008
(0.016) (0.017) (0.013) (0.009) (0.010) (0.019) (0.013)
Marijuana —0.007 0.027 0.012 0.029 0.035 -0.015 0.008
(0.029) (0.033) (0.022) (0.031) (0.032) (0.022) (0.018)
Conviction 0.044 —0.008 0.004 -0.021 —0.002 —0.025 —0.033
(0.037) (0.032) (0.032) (0.019) (0.022) (0.028) (0.022)
Jail 0.002 —0.025** 0.016 0.014* 0.021** 0.022** 0.009
(0.014) (0.012) (0.011) (0.008) (0.009) (0.010) (0.009)
Cognitive (10-point scale) —0.040**  0.010 -0.018 —-0.004 —-0.010 -0.006 -0.017
(0.017) (0.016) (0.014) (0.012) (0.012) (0.014) (0.011)

Notes: The table reports marginal effects from the behavioral summation alternative specification of the teenage out-
come equation, estimated as part of the alternative specifications analysis. This specification replaces the pattern-based
behavioral history used in the baseline model with a cumulative behavioral exposure measure, ét =By+ By +---+ By,
which counts the total number of developmental periods in which the parent engaged in each behavior. Under this
specification, each reported coefficient represents the change in the predicted probability of a teenage outcome associated
with one additional period of parental exposure to that behavior, holding all other behaviors and child characteristics at
their observed values. This contrasts with the baseline model, in which the timing and sequencing of parental behaviors
matter, and with the contemporaneous specification reported in Table 14, in which only the most recent period’s behavior
enters the teenage outcome equation directly. The summation specification treats behavioral exposure as continuous and
proportional, emphasizing cumulative volume of exposure rather than the pattern or recency of behaviors. Marital status
is decomposed into two separate cumulative exposure measures: the number of periods cohabiting with the biological
father (Biodad) and the number of periods cohabiting with another man (Another Man), both relative to periods spent as
a single mother. The cognitive score is entered on a 10-point scale, so that the reported coefficient represents the change
in the probability of a teenage outcome associated with a 10-point increase in the child’s accumulated cognitive score.
The model is estimated by Full Information Maximum Likelihood (FIML) with Discrete Factor Random Effects (DFRE)
on the FFCWS sample of N = 1,615 families. Standard errors are reported in parentheses. *** p < 0.01, ** p < 0.05, *
p <0.1.
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Table 14: Marginal Effects of Contemporaneous Parental Behavior and Cognitive
Achievement on Teenage Outcomes

Ever Unlikely to Ever Ever Ever Ever Ever

Failed Graduate Suspended Drank Use Stopped had

Class College from Sch Alcohol Marijuana by Police Sex

Biodad —0.093** —0.078** 0.022 0.010 0.005 0.003 0.005
(0.047) (0.036) (0.035) (0.035) (0.036) (0.035) (0.036)

Another Man 0.014 0.043 0.053** 0.024 0.038* 0.037 0.034
(0.033) (0.031) (0.025) (0.021) (0.022) (0.026) (0.021)

Employment —0.046 -0.037 —0.052 -0.027 —0.054** —0.074***  —0.020
(0.044) (0.036) (0.034) (0.026) (0.025) (0.029) (0.026)

Welfare 0.132%%* 0.052 0.054 0.070 0.039 0.050 0.028
(0.048) (0.041) (0.033) (0.052) (0.047) (0.039) (0.044)

Drink 0.005 0.033 0.019 0.008 0.008 0.035 0.011
(0.043) (0.037) (0.040) (0.040) (0.042) (0.043) (0.039)
Smoke 0.029 —0.036 —0.038 0.013 0.062* 0.077* 0.072*
(0.052) (0.046) (0.037) (0.033) (0.038) (0.046) (0.039)

Marijuana 0.017 0.039 0.062 0.007 0.032 —0.042 0.040
(0.060) (0.056) (0.051) (0.052) (0.048) (0.056) (0.043)

Conviction 0.186** 0.069 0.080 -0.037 —0.010 —0.019 -0.011
(0.081) (0.066) (0.055) (0.090) (0.083) (0.079) (0.080)

Jail 0.017 —0.030 0.014 0.001 0.018 —0.005 —0.030
(0.052) (0.040) (0.041) (0.035) (0.035) (0.034) (0.037)
Cognitive (10-point scale) —0.042** 0.010 —-0.020 —-0.003 —-0.011 —-0.010 —-0.021*
(0.017) (0.016) (0.014) (0.011) (0.011) (0.015) (0.012)

Notes: The table reports marginal effects from the contemporaneous parental behavior alternative specification of
the teenage outcome equation, estimated as part of the alternative specifications analysis. Under this specifica-
tion, teenage outcomes depend only on parental behaviors in the most recent developmental period ¢, rather than
on the full history of behaviors as in the baseline model. Formally, the teenage outcome equation is specified as
Y1 = 9(By, 0, X { X5 Zy, 1 uf , u‘fﬂ), where only contemporaneous parental behavior B; enters directly, while earlier
behaviors matter only insofar as they have shaped the child’s accumulated cognitive skill §; over the developmental life-
cycle. This specification imposes a value-added structure on the teenage outcome equation, analogous to the assumption
used for the child cognitive skill production function, and contrasts with both the baseline pattern-based model — in
which the entire behavioral history enters directly through categorical trajectory indicators — and the summation model
reported in Table 13, in which cumulative behavioral exposure enters as a continuous count variable. Each reported
coeflicient represents the change in the predicted probability of a teenage outcome associated with the presence of a
given parental behavior in the terminal developmental period, holding all other contemporaneous behaviors and child
characteristics at their observed values. Marital status is decomposed into two binary indicators: cohabiting with the
biological father (Biodad) and cohabiting with another man (Another Man), both relative to being single. The cognitive
score is entered on a 10-point scale, so that the reported coefficient represents the change in the probability of a teenage
outcome associated with a 10-point increase in the child’s cognitive score at the terminal period. The model is estimated
by Full Information Maximum Likelihood (FIML) with Discrete Factor Random Effects (DFRE) on the FFCWS sample
of N = 1,615 families. Standard errors are reported in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1.
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Table 15: Policy Experiment 1: Effects of Sin Tax on Parental Behaviors and Teenage
Outcomes

Intervention No Intervention Difference
Tar =%0.5 Taxr=%$1 Tax=9%$15 Taz = $0.5 Tax = $1 Tazx = $1.5
Parental Behaviors
Married/cohabit status
single 0.435 0.420 0.409 0.453 —-0.017 —-0.032 —-0.043
(0.048) (0.064) (0.081)
with biodad 0.489 0.494 0.493 0.480 0.010 0.015 0.013
(0.052) (0.071) (0.092)
with another man 0.076 0.085 0.098 0.068 0.008 0.018 0.030
(0.011) (0.021) (0.035)
Employed 0.793 0.802 0.810 0.782 0.011 0.020 0.028
(0.036) (0.059) (0.082)
Welfare receipt 0.138 0.104 0.089 0.198 -0.060"* -0.094** -0.109™**
(0.029) (0.037) (0.042)
Substance use
Drinking 0.465 0.458 0.452 0.476 —-0.011 -0.019 -0.024
(0.045) (0.065) (0.087)
Smoking 0.187 0.167 0.153 0.232 -0.045" —-0.064 —-0.079
(0.024) (0.039) (0.056)
Marijuana use 0.011 0.006 0.003 0.024 -0.013"* -0.019* -0.021
(0.007) (0.011) (0.014)
Conviction 0.013 0.011 0.009 0.015 —-0.002 —-0.004 —-0.005
(0.005) (0.010) (0.018)
Jail 0.072 0.072 0.072 0.073 —-0.001 —-0.001 —-0.002
(0.010) (0.010) (0.011)
Teenage Outcomes
Ever failed class 0.465 0.458 0.453 0.473 —-0.007 -0.014 -0.019
(0.025) (0.031) (0.037)
Unlikely to grad. college 0.334 0.325 0.321 0.331 0.002 —-0.006 —-0.010
(0.023) (0.027) (0.031)
Ever suspended from sch. 0.261 0.259 0.258 0.287 —-0.026 —-0.028 —-0.029
(0.021) (0.023) (0.027)
Ever drunk alcohol 0.104 0.100 0.097 0.133 -0.029"* -0.033** -0.036**
(0.014) (0.015) (0.017)
Ever used marijuana 0.163 0.159 0.156 0.178 —-0.015 —-0.019 —-0.022
(0.017) (0.019) (0.021)
Ever stopped by police 0.245 0.248 0.252 0.260 -0.015 -0.012 —-0.008
(0.021) (0.026) (0.031)
Ever had sex 0.149 0.146 0.143 0.157 -0.008 —-0.012 -0.014
(0.017) (0.019) (0.021)

Notes: The table reports the results of a Sin-to-Skill policy experiment simulated using the estimated dynamic model. The policy
combines an excise tax on beer and cigarettes at three incremental levels ($0.5, $1.00, and $1.50 per unit) with reinvestment
of the associated tax revenues into county-level education programs. To account for administrative lags in public spending, the
associated improvement in county-level test scores (modeled as a 0.1 standard deviation increase, consistent with estimates from
the teacher quality and Project STAR literatures) is assumed to take effect only after the first two developmental periods. The
test score increment is drawn from a normal distribution A/(0.1 X s.d., 1) across counties to reflect heterogeneity in school quality
and program implementation. The Intervention columns report predicted parental behaviors and teenage outcomes under each
tax level. The No Intervention column reports predicted outcomes under the baseline environment reflecting observed parental
behaviors in the FFCWS sample. Difference = With Intervention — No Intervention; so that a negative difference indicates an
improvement in the outcome, with the exception of employment and marriage with the biological father where a positive difference
indicates improvement. Parental behavior outcomes are reported as proportions across all pre-teenage developmental periods, while
teenage outcomes are binary indicators reported as proportions at age 15. Simulated outcomes are averaged over 1,000 parametric
bootstrap replications; standard errors are reported in parentheses. *p < 0.10; **p < 0.05; ***p < 0.01.
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Table 16: Policy Experiment 2:
Teenage Outcomes

Effects of Co-residence with Biological Father on

Intervention No Intervention Difference
Birth-Age 1  Birth-Age 3 Birth-Age 5 Birth-Age 1  Birth-Age 3  Birth-Age 5
Ever failed class 0.448 0.441 0.434 0.473 -0.025 -0.032 -0.039"
(0.021) (0.024) (0.023)
Unlikely to grad. college 0.311 0.306 0.304 0.331 -0.020 -0.025 -0.027
(0.018) (0.021) (0.019)
Ever suspended from sch. 0.267 0.257 0.253 0.287 -0.020 -0.030 -0.034"
(0.017) (0.021) (0.020)
Ever drunk alcohol 0.123 0.118 0.121 0.133 -0.010 -0.015 -0.012
(0.012) (0.014) (0.013)
Ever used marijuana 0.162 0.156 0.157 0.178 -0.016 -0.022" -0.021"
(0.012) (0.013) (0.012)
Ever stopped by police 0.266 0.265 0.259 0.260 0.006 0.005 -0.001
(0.017) (0.020) (0.019)
Ever had sex 0.150 0.145 0.145 0.157 -0.007 -0.012 -0.012
(0.015) (0.017) (0.016)

Notes: The table reports the results of a co-residence promotion policy experiment simulated using the estimated dynamic model. The
intervention requires all mothers to be married to or cohabiting with the biological father, and simultaneously requires the biological father
to be present and not incarcerated, across three incremental durations: from birth through Age 1, from birth through Age 3, and from birth
through Age 5. Following each intervention window, parents resume their endogenously determined lifecycle behaviors. The Intervention
columns report predicted teenage outcomes under each policy duration. The No Intervention column reports predicted outcomes under the
baseline environment reflecting observed parental behaviors in the FFCWS sample. Difference = With Intervention — No Intervention;
a negative difference indicates an improvement in the outcome. All outcomes are binary indicators reported as proportions. Simulated
outcomes are averaged over 1,000 parametric bootstrap replications; standard errors are reported in parentheses. *p < 0.10; **p < 0.05;

*% ok

p<0.01.

Table 17: Co-residence with Biological Father: Within vs. Beyond the Critical Window

Intervention No Intervention Difference
Birth-Age 5  Above Age 5 Birth—-Age 5 Above Age 5
Ever failed class 0.434 0.463 0.473 -0.039" -0.010
(0.023) (0.021)
Unlikely to grad. college 0.304 0.330 0.331 -0.027 -0.001
(0.019) (0.020)
Ever suspended from sch. 0.253 0.284 0.287 -0.034" —-0.003
(0.020) (0.019)
Ever drunk alcohol 0.121 0.152 0.133 -0.012 0.019
(0.013) (0.015)
Ever used marijuana 0.157 0.188 0.178 -0.021" 0.010
(0.012) (0.014)
Ever stopped by police 0.259 0.245 0.260 -0.001 -0.015
(0.019) (0.017)
Ever had sex 0.145 0.173 0.157 -0.012 0.016
(0.016) (0.016)

Notes: The table compares two co-residence promotion policy experiments to assess the role of Heckman’s (2006)
early childhood critical window. Birth—Age 5 requires all mothers to be married to or cohabiting with the biological
father, with the father present and non-incarcerated, from birth through Age 5, spanning the full early childhood
critical period. Above Age 5 imposes the same co-residence requirement only after Age 5, when the critical window
has closed. In both cases, parents resume their endogenously determined lifecycle behaviors following the intervention
window. The No Intervention column reports predicted outcomes under the baseline environment reflecting observed
parental behaviors in the FFCWS sample. Difference = With Intervention — No Intervention; a negative difference
indicates an improvement in the outcome. All outcomes are binary indicators reported as proportions. Simulated
outcomes are averaged over 1,000 parametric bootstrap replications; standard errors are reported in parentheses.

*p < 0.10; **p < 0.05;

3 % %k

p <0.01.
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Table 18: Policy Experiment 3: Effects of Peer Environment Upgrade on Teenage Out-
comes

Intervention No Intervention Difference
A=01SD A=02SD A=0.3SD A=0.1SD A=0.2SD A=0.3SD
Ever failed class 0.465 0.458 0.450 0.473 —-0.008 -0.015 -0.023
(0.019) (0.019) (0.020)
Unlikely to grad. college 0.322 0.309 0.298 0.331 —0.009 —-0.022 -0.033"
(0.016) (0.017) (0.017)
Ever suspended from sch. 0.277 0.266 0.256 0.287 -0.010 -0.021 -0.031**
(0.015) (0.015) (0.016)
Ever drunk alcohol 0.111 0.094 0.081 0.133 -0.022* -0.039"** -0.053"**
(0.011) (0.011) (0.011)
Ever used marijuana 0.160 0.142 0.122 0.178 —-0.018 -0.036™** -0.057***
(0.013) (0.013) (0.013)
Ever stopped by police 0.248 0.232 0.218 0.260 -0.012 -0.028" -0.043™**
(0.015) (0.015) (0.015)
Ever had sex 0.144 0.131 0.119 0.157 —-0.013 -0.026"* —-0.038™**
(0.013) (0.013) (0.013)

Notes: The table reports the results of a peer environment upgrade policy experiment simulated using the estimated dynamic model. The
intervention improves the adolescent peer environment across three incremental magnitudes (A = 0.1, 0.2, and 0.3 standard deviations). For
substance-use peer variables (drinking alcohol, smoking cigarette, marijuana use), the intervention randomly reassigns a fraction of peers
from substance users to non-users such that the mean falls by Ax SD. For positive peer variables (peer study habits, and likely to graduate
college), the intervention randomly reassigns a fraction of peers upward such that the mean rises by Ax SD. All peer variables remain binary
throughout. The policy can be interpreted as a school reassignment, magnet school access, or neighborhood mobility program that shifts the
social environment the child is embedded in during adolescence. The Intervention columns report predicted teenage outcomes under each
policy magnitude. The No Intervention column reports predicted outcomes under the baseline environment reflecting observed parental
behaviors in the FFCWS sample. Difference = With Intervention — No Intervention; a negative difference indicates an improvement in the
outcome. All outcomes are binary indicators reported as proportions. Simulated outcomes are averaged over 1,000 parametric bootstrap
replications; standard errors are reported in parentheses. *p < 0.10; **p < 0.05; ***p < 0.01.
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Figures

Figure 3: US cities included in the survey (N = 4898 births)
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Figure 4: FFCWS timeline and agents of survey
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Figure 5: Model Fit for Dynamic Behaviors and Cognitive Achievement
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Fieure 5: Model Fit for Dvnamic Behaviors and Coenitive Achievement (continued)
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Figure 6: Cognitive Score Gain Under the Father-to-Foundation Policy
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Gains are measured as the increase in the child’s simulated cognitive score at the end of the pre-teenage period, expressed as

a percentage of its baseline standard deviation, relative to the no-intervention baseline; simulated outcomes are averaged over 1,000
parametric bootstrap replications. The Birth to Age X windows impose co-residence with the biological father from birth through the
indicated age. The Above Age 5 bar is a placebo: it imposes the same co-residence requirement only after Age 5, once Heckman’s (2006)
early-childhood critical window has closed. Corresponding significance levels are reported in Table 17.
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Appendix

A1l Appendix on Section 3: Data

A1l.1 Sample Selection

The estimation sample for this study was selected based on three criteria and Table A.19 summarizes
the resulting sample sizes. The first sample (labeled N1) criterion is that the mother must have
been present in all the waves (waves 1 to 6). Here, attrition 1 is defined as absence of a mother
from at least one of the waves. As of wave 6 (when the child is 15 years) there were 2530 mothers
who were present in all the waves.

Figure A.7: Timeline of survey for each wave
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~
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The second sample (labeled N2) criterion was that included children should be the same age at
the interview. Given the survey period for each wave was across multiple years and some waves
also were overlapping as shown in Figure A.7, the children were of different ages at the time of
interview. For instance, the raw data indicates the age of the children in waves 4 and 5 to be 57
— 72 months and 104 — 132 months. Therefore, at wave 4 where children were supposed to be 5
years, some children were already 6 years due to delay in administering the interview. I desire to
streamline disparities across the child’s age so we can have consistent results. Therefore, I indicate
whether a child’s age is between 3 months of the expected age of the wave and a month away from
his/her next age in years. For example, for wave 2 (expected child’s age is 1 year/12 months), a
child is considered to have the correct age if their age is in the range 9 months — 23 months; for
wave 3 (expected child’s age is 3 years/36 months) the observed age is 33 months — 47 months; for
wave 4 (expected child’s age is 5 years/60 months) the observed age is 57 months — 71 months,
etc. Attrition 2 is defined as mothers whose children were not the focal age when interviewed,
conditional on mother being present in the all the waves (criterion 1).

The final criterion used in the sample selection was that the estimation sample (labeled N3)
include children with no missing child outcomes among those to be studied, conditional on satisfying
criteria 1 and 2. The attrition rate for the mothers is indicated in Table A.19. The sample size
that satisfied all three criteria was 1618. However, there were 3 mothers with missing race, which
I drop from the sample. Therefore, the final analysis sample was 1615 mothers who were present
in all the waves, with children of the same age at the time of interview and non-missing child
outcome variables. The larger attrition rates across wave 5 and wave 6 is likely attributed to the
long span of time between survey waves. We can see from the descriptive statistics in Table A.20
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Table A.19: Progression of number of mothers in the sample

Wave 1 2 3 4 5 6
Child’s age Birth Year 1 Year 3 Year 5 Year 9 Year 15
N1 (mum in wave) 4897 4364 4009 3675 2986 2530
Attrition 1 533 355 334 689 456
Attrition Rate 1 (%) 10.9 8.1 8.3 18.7 15.3
N2 (focal age child) 4897 4249 3868 3541 2679 1809
Attrition 648 381 327 862 870
Attrition Rate 2 (%) 13.2 8.9 8.5 24.3 32.5
N3 (non-missing outcome) 2822 2601 2466 2358 2152 1615
Attrition 221 135 108 206 537
Attrition Rate 3 (%) 7.8 5.2 4.4 8.7 25

that the distribution of the core demographics across the waves have been preserved conditional on
the sample that satisfies all the sample selection criteria (N3) despite the attrition, hence implying
that the attrition is random.

Table A.20: Demographics distribution over the waves

Wave 1 2 3 4 5 6
Child’s age Birth Year 1 Year 3 Year 5 Year 9 Year 15
N3 2822 2601 2466 2358 2152 1615
Mom Race
White 20% 21% 22% 22% 22% 23%
Black 52% 51% 51% 51% 51% 51%
Hispanic 25% 25% 24% 24% 24% 23%
Other 3% 3% 3% 3% 3% 3%
Child’s Sex
Male 51% 51% 51% 51% 52% 51%
Female 49% 49% 49% 49% 48% 49%

A1.2 Endogenous variables

Furthermore, I depict the persistence in parental behaviors in Figure A.8, which shows the dynamic
evolution of parental behaviors across the child’s life. Panels (a) to (d) highlight substantial hetero-
geneity in early childhood years, pronounced behavioral persistence over time, and clear evidence
that parental behaviors tend to consolidate into more stable patterns as children age. Panel (a)
shows trajectories of mothers’ marital status from birth through age 15. At birth and age 1, there is
considerable dispersion across marital states, with a large share of mothers single, alongside signifi-
cant proportions cohabiting with the biological dad or married. The figure shows a gradual decline
in transitions and a growing concentration in stable states, either remaining single or remaining
married to the biological dad. Panel (b) presents the evolution of mom’s employment and welfare
participation. Early in the child’s life, employment and welfare combinations are highly fluid. Over
time, however, employment patterns become increasingly stable. From age 5 onward, the share of
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mothers consistently employed rises, while persistent unemployment, particularly without welfare,
also becomes more common for a subset of families.

Panel (c) illustrates trajectories of maternal substance use, distinguishing between no use, low
intensity (use of one substance), moderate intensity (use of two substances), and high intensity (use
of all three: alcohol, cigarettes, and marijuana). Substance use exhibits strong state dependence.
Mothers who report no use early in the child’s life are highly likely to remain non-users over time.
In contrast, mothers who engage in substance use, particularly moderate or high intensity, tend
to persist in these behaviors, with relatively few transitions back to non-use. Panel (d) focuses
on parental criminal behavior, distinguishing between no crime, dad ever in jail only, mother ever
convicted only, and joint parental criminal involvement. At birth and age 1, the majority of families
have no criminal involvement, but a sizable fraction already experiences paternal incarceration.

Importantly, these behaviors do not evolve in isolation. Marital instability often coincides with
employment and welfare transitions, and also substance use and criminal involvement show strong
persistence and likely interact with economic and relational dynamics. Together, the panels em-
phasize the need for a joint dynamic modeling framework that captures both the timing and accu-
mulation of parental behaviors, rather than relying on static or single-period indicators.

To capture the variation in states of behaviors across time within a family, I denote the vari-
ous combinations across time in Online Appendix Table OA.1. For example, 44.2 percent of the
mothers were employed throughout all the waves (111111). Approximately 3 percent of mothers
were unemployed across all waves. Regarding alcohol, most mothers were not drinking when they
were pregnant (in wave 1), but drank in the subsequent waves (011111). Smoking was similarly
characterized by the two extremes of those who do not smoke and those who smoke throughout all
waves. The main result in relation to dads is that, over 24 percent of biological dads had not been
present in the life of the child throughout the entire 15 years of the child’s life. However, given that
others can step in as a father figure, as we see that only 13 percent of children did not have a father
figure in their lives from birth to age 15.

A1.3 Exogenous variables

Summary statistics of the exogenous explanatory variables are provided in Online Appendix Table
OA.2. The mother’s educational level over the 15-year period shows a gradual increase in the
distribution towards high levels of education. Educational attainment improves over time; that is,
the share of mothers with less than a high school education declines from 28 percent at birth to 15
percent by age 15, while the fraction with some college or a college/graduate degree rises steadily.
Given that these mothers were likely to be single, it is normal for them to work full-time rather
than to enroll in school resulting in limited variation in the education variable. Living in public
housing declines sharply after birth, suggesting improving housing conditions, while the presence
of a grandparent in the household decreases through early childhood before rising substantially by
age 15, potentially reflecting care-giving responsibility of grandparents in the sample. I define the
mother’s non-wage income as all income received from all other sources apart from wages while
working as an employee. More formally I define it as Y, —w;h,, where Y;"" is mom’s income and w,h,
is earned wages. I calculated the mother’s non-wage income by accounting for all forms of income
the mother received from entrepreneurial income (income from running own business) (K;), income
from returns on investment (I;), illicit income (income from selling, drugs/prostitution, etc.) (Q;)

and income from benefits (b}); where j = Food stamps/EBT and other benefits. Mathematically as:
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Figure A.8: Parental Behavior Trajectories (continued)

(¢) Mother’s Substance Use (Drinking, Smoking, and Marijuana Use)
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Y™ —wihy = 1{selfemp,} - K, + I, + Q; + Z}]:l bl. Average non-wage income, reported in inflation-
adjusted year-2000 dollars, fluctuates across waves but increases by ages 9 and 15, indicating greater
access to transfers or non-labor income later in the child’s life.

Child characteristics measured later in the panel indicate substantial heterogeneity in skills
and behaviors. Average Woodcock—Johnson (WJ) scores in English and Math suggest moderate
academic performance at age 9. Time use patterns show that most children engage infrequently in
structured school or religious activities, with a majority reporting “never” or “once per month”,
though a nontrivial share participates weekly. Behavioral indicators reveal meaningful exposure to
risk (i.e., 24 percent are reported as disobedient at school, 28 percent admit cheating, and 17 percent
bully peers). Health indicators show that 11 percent are diagnosed with ADHD, and average BMI
at age 15 is 23.8. Nearly half of peers are perceived as likely to graduate from college, and most
peers study “most times”. However, substantial proportions of peers smoke (17 percent), drink
alcohol (26 percent), or use marijuana (32 percent), underscoring the importance of peer effects as
a contextual influence during adolescence.

A2 Appendix for Section 4: Theoretical Motivation

A2.1 Parental Preferences, Value Function and Dynamic Problem

At the beginning of each period ¢, the family enters with an observed information set €2,. Condition-
ing on their permanent type p and the current period shock v;, parents observe the current state and
make their behavioral choices, after which the child’s cognitive skill is updated. Figure 1 illustrates
the within-period timing of events during the pre-teenage stage. In the terminal period t4 (teenage
period), the child’s teenage outcomes are realized as a function of the full history of accumulated
cognitive skill and parental behaviors over the lifecycle. Figure 2 illustrates the terminal-period
timing of events.

Household Budget Constraint

The household’s consumption at time ¢, denoted c¢;, is determined by income from labor sup-
ply, welfare transfers, spousal earnings, child support and illicit income (i.e., income from selling
drugs/prostitution etc.) minus the costs associated with risky behaviors:

3
s cs 1 .
=6 rwtw b+ Lmy #0] -y, +1[my #1] -y, +q — Zptst — KTy = KiJe = firier (23)
=1

Here, on the income side, w, is the realized wage, J, is the welfare benefit level, y; is spousal income
for mothers with a married/cohabiting spouse, ;" is child support received by mothers who are
not married/cohabiting with the child’s biological dad, and ¢; is illicit income. Illicit income ¢, is
treated as an exogenous endowment in a given period; it is not a separate choice variable. Finally,
pi is the price of the i substance, the x terms capture monetary penalties associated with criminal
behavior, and f;, captures any fines paid for being convicted in the previous period.
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Parental Preferences

The parental behavior vector in period t is defined as B, = (my, e;, wy, si, s?, s?, T, j;). The parent’s
per-period utility over consumption, behaviors, and child cognitive achievement is:

3
! .
u(cy, By, Oy, 1, 1) = u(ey) + Ypbioy + Yy + Yoy + Yy + Z’stt e+t pty
=1

where u(c¢;) is consumption utility and ~,0,_; is utility the parent derives from the child’s cognitive
achievement, with -, being the weight parents place on the child’s cognitive achievement in their
own utility. The remaining v coefficients reflect behavioral utilities, disutility, stigma, or social value
from choices. The term p is a time-invariant, family-specific unobserved heterogeneity parameter
capturing permanent differences in preferences, and v, is a family-level time-varying idiosyncratic
shock. The utility function is additively separable across consumption, child cognition, and behav-
ioral choices. This is a standard simplifying assumption in dynamic discrete choice models (see,
e.g., Keane and Wolpin, 1997; Bernal, 2008), which facilitates identification and estimation while
keeping the state space tractable. It implies that the marginal utility of each behavioral choice is
independent of the levels of other choices. While interactions between behaviors are plausible, the
joint dynamics of behaviors are captured through the shared unobserved heterogeneity terms p and
v, as well as through the lagged behavioral state variables in €2,.

Laws of Motion

Child Cognitive Skill: The child’s cognitive skill #,,; evolves according to the value-added production
function such that: 6,,; = f(6,, B;, X;, &), where f(+) captures the role of current cognitive
skill, parental behaviors, household characteristics, and idiosyncratic shocks €, on next-period skill
development.

Teenage Outcomes: At the close of the terminal period tg, the child’s teenage outcomes are real-
ized as a vector: Y = (Yl, Y2, cee YO), capturing outcomes in education, substance use, and
delinquency. Each outcome Y is determined by the full history of accumulated cognitive skill and
parental behaviors: Y’ = g(0,,,...,07; By,,...,Br; X, er)

Dynamic Optimization Problem

The parent’s problem is to choose a sequence of behaviors { B,} to maximize expected lifetime util-
ity, anticipating the effects of current choices on their child’s future cognitive skill and, ultimately,
the teenage outcomes realized in the terminal period.

Pre-Teenage Periods (t; through ts): In each pre-teenage period, the value function satisfies the
Bellman equation:

W(Qt) = gl:CEDB({ U(Cta By, 0,1, 1, Vt) + 8- E[W+1(Qt+1) | Qy, Bt] }» t=1t,...,15 (24)

subject to the budget constraint (equation 23) and the law of motion 0,1 = f(6,, B;, Xy, &;).
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Terminal Period (tg = Age 15): In the terminal period tg, the parent still makes behavioral choices
Br. At the close of this period, the teenage outcome vector Y is observed. The terminal value
function is:

VT(QT) = énax{ U(CT>BT,9T—1,M, VT) + ‘I’(Y> Qp, BT) } (25)
T€B

where W(-) is the terminal payoff capturing the parent’s valuation of the child’s teenage outcomes.

The full dynamic problem can thus be written recursively. Parents at birth (¢;) solve:

T-1
‘/;51(Qt1) = I{nBaii E|: Z Bt_tl u(ctaBtvet—17M7 Vt) + BT_tl \II(Y7 QT7 BT) :| (26)

t=t,

where 5 € (0,1) is the discount factor. Equation 26 ensures that teenage outcomes Y enter the
parent’s objective from the very first period, through the terminal payoff ¥(-). Since the model
has a finite horizon with no period beyond tg, W(-) plays the role of a bequest value, capturing the
parent’s long-run concern for the child’s wellbeing beyond the final period of data observation. The
specification of W(-) is such that parents derive direct utility from each component of the child’s
teenage outcome vector: ¥(Y) =) A, Y’ where ), is the parent’s marginal utility weight on the
o-th teenage outcome.

Fully solving the model requires specifying the evolution of parental beliefs in order to recover the
functional forms of the utility and production functions, the demand functions, and the continuation
value function. This would require computing the value function period-by-period across a vast
number of state space combinations. The state space in this setting poses particular challenges for
two reasons. First, it combines a continuously evolving variable, the child’s cognitive skill 6,, with a
high-dimensional set of discrete parental behavioral choices, By = (my, e;, wy, s,} , sf , sf, e, i), which
together govern the child’s developmental path.

Second, the sheer dimensionality of the joint behavioral choice set makes exact evaluation of
the value function across all feasible state variable combinations computationally tasking. Approx-
imating the decision rules offers a tractable path forward without sacrificing the model’s essential
structure. Working with flexible approximations to the parental behavioral demand functions al-
lows me to preserve the dynamic nature of parental decision-making and its cumulative influence
on child cognitive skill and teenage outcomes, without requiring the full solution of the model. A
full solution would impose potentially strong restrictions on the utility function’s functional form,
on what parents are assumed to know about the cognitive skill production process, and on the
specification of the terminal payoff W(-).

To implement this approach, I represent each parental behavioral choice as a flexible function of
the state space and whatever information is available to the parent prior to making that decision.
Because all choices contained in B, are made at the same point in time under a common information
set ), every decision depends on the same set of variables. Specifically, I adopt a linear approxima-
tion for these decision rules, parameterizing each as a function of the state space €2;, the prevailing
state and county-level policy and supply-side conditions Z;, permanent unobserved heterogeneity
11, time-varying unobserved heterogeneity v,, and a behavior-specific idiosyncratic error term wu,.
The permanent and time-varying heterogeneity components are handled through the discrete factor
random effects approach (Mroz, 1999), under which families are drawn from a finite mixture of
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k permanent types, one of which is assigned prior to period ¢;, and g time-varying shock types,
one of which is realized each period. The mass points p;, and v, and their associated probability
weights are recovered jointly with all remaining structural parameters via full information maximum
likelihood.

A3 Decomposition of Parental Behavioral Effect: Direct vs
Indirect

In this section I outline the decomposition of the effect of parental behavior on teenage outcomes
into direct and indirect effects. I present the decomposition under two cases to illustrate how the
transmission channels differ across model specifications. The empirical model adopted in this paper
is Case 2 (behavioral pattern), consistent with equation (9), however, Case 1 is presented as a
theoretical baseline to clarify the role of the cognitive channel. Presenting Case 1 first allows a
simpler specification in which behaviors enter the teenage outcome equation individually, the two-
channel decomposition into direct and indirect cognitive effects can be introduced in its most basic
form, and then extending the same logic to the baseline model which pattern-based specification in
Case 2. Consider the full dynamic system of parental behavior, child cognitive achievement, and
teenage outcomes:

. b b b b
P(B,=j)=f (Bt—laet—bX{aZtnu Vs Uy )
0 foxe 0 6 0 0
et = f (et—laBbXtaXtaZth thaut)
f c
YT+1 =g(°a QTa Xt7 Xta Ztv :uya Vty’ ui/+1)
I decompose the effect of a behavioral choice B;, on the teenage outcome into direct and indirect

components under two cases. Here k£ denotes the period in which the behavioral decision occurs, and
the effect propagates forward through subsequent periods via the cognitive production technology.

A3.1 Case 1: Behaviors enter Teen Outcome Production Function In-
dividually (No Pattern/String)

Assume that teenage outcomes depend on the full history of behaviors:
f c
YT+1 = g(BT7BT—1) R Bk7 s 7B07 0T7 Xt7 Xt7 Zt7 :uyv Vtyv ui/+1)

Under the Markov assumption established in Section 4.1.4 (equation 7), 67 is a sufficient statistic for
the full history of past cognitive achievement. Moreover, since the value-added production function
implies that 6, depends on B, only contemporaneously (i.e. past behavior B, affects 67 only through
the accumulated skill chain 6, — 0, — +++ = 07, and not directly on 07,07_y,...,0,,1), the total
derivative of Y., with respect to Bj, takes a two-channel form.
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The total discrete difference of the teenage outcome with respect to behavior at period k is:

Yra _ 0 oy dby
iB, _ 9B, = 90; 4B, (27)
— —_—

Direct effect  Indirect cognitive effect
The cognitive transmission channel expands forward through the recursive learning technology:

dor 0p 07—y Obps1 06y

dB, ~ 007, 00, 00, 0B, (28)
Therefore the total effect becomes:
dYri _ dg " Jg 00p 00p_,  00).1 00, (29)
dB, 0B, 007 | 00p_1 001_o 00, 0B,
—— < .

J

Direct effect Indirect cognitive effect

When behaviors enter the teenage outcome production function directly as individual period-specific
inputs, the teenage outcome responds to a behavioral shock through two channels. The indirect
cognitive channel implies parental behavior in the past affects the child’s cognitive development, and
since teenage outcomes depend on cognition, the dynamic accumulation of cognitive development
over time generates an indirect transmission channel. A direct impact of lagged behaviors suggests
that parental behavior affects teenage outcomes directly or possibly through omitted channels (such
as non-cognitive development).

A3.2 Case 2: Behaviors enter Teen Outcome Production Function as
a String/Pattern

Now assume the teenage outcome depends on the behavioral pattern (or string) rather than each

period’s behavior separately. Let B = H(By, By, ..., Br) denote the full behavioral history mapped
into a finite set of categories such as “always employed,” “never employed,” “early employment,”
etc. Then the teenage outcome satisfies:

Yra :9(B> Or, Xga X§> Zy, My> ’/37 Ui/ﬂ)
Consider a unit change in behavior at some period k& € {1,2,...,T}. The total effect of B on

the teenage outcome can be decomposed into a direct pattern channel and an indirect cognitive
channel:

dYr,, 09 AB dg  dby

iB, = = AB., T 99, 4B, (30)
OB
%—J

Direct pattern effect Indirect cognitive effect

M Since By, is a discrete choice variable, the “derivative” dY; ., /dBj, should be understood as a discrete difference
operator — the change in the expected outcome from a unit change in By, holding all other period behaviors fixed.
The chain-rule notation is used for expositional clarity and corresponds to the marginal effect of the latent continuous
index underlying the discrete choice.
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where AB/AB,, denotes a discrete difference operator capturing whether a change in Bj, causes
a shift in the behavioral string category.15 The cognitive component follows the same forward
recursive learning technology as in Case 1;

dfr 0y 00r_1 00441 00,

dB, ~ 00r_, 007, 00, 0B,

Therefore, the total effect can be written compactly as:

dYT+1 _ ag AB 8g |: 39T 3«9T_1. 89k+1 39k:| (31)

B, -~ L5 AB; +\aeT 907, 00—, 6, OB

\*J
Direct pattern effect Indirect cognitive effect

J

When the teenage outcome depends on the pattern of parental behavior rather than specific
period values, the direct channel reflects the child’s exposure to long-run behavioral patterns. A
change in behavior at time k affects the teenager if it causes the family to move to a different
behavioral category (e.g., “always employed” vs. “intermittent employment”). The indirect channel
through cognitive development remains fully dynamic, preserving the cumulative developmental
consequences of parental behavior over the child’s life.

A4 Appendix for Section 6: Results

A4.1 Likelihood Ratio Test
A4.1.1 Heterogeneity vs. No Heterogeneity

The Likelihood Ratio (LR) test assesses the relative goodness of fit of two nested models. In
this context, the unrestricted specification, which incorporates unobserved heterogeneity is pitted
against the restricted specification, which omits it, to determine whether the added flexibility of the
former translates into a statistically meaningful gain in the log-likelihood value. The test statistic
is constructed as:

LR=2(6,-6) 5 X (32)

where £, denotes the maximized log-likelihood of the unrestricted model and ¢, denotes the corre-
sponding value for the restricted model. Under the null hypothesis that the restrictions are valid,
this statistic follows a chi-squared asymptotic distribution, with degrees of freedom (df) given by the
difference in the parameter count across the two specifications. Statistical significance is assessed by
comparing the computed test statistic against the appropriate critical value from this distribution.
The inputs used to construct the test statistic are summarized in Table A.21:

Y The key assumption in this case is that the direct effect operates only through whether period-%k behavior changes
the pattern classification. Since By, is discrete, the direct pattern effect is characterized via a discrete difference rather
than a smooth partial derivative:

AB;

AB |1 if a unit change in By changes the pattern category,
"~ 10 otherwise.
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Table A.21: Comparison of Likelihood Function Values: Heterogeneity vs. No Heterogeneity

Model Likelihood No. of Parameters LR Test Statistic
No Heterogeneity —-41,127 837
Heterogeneity —40,078 987 2,098

Note: LR test statistic computed as 2({get — INo Het )-

At 150 degrees of freedom and a 1% significance level, the critical chi-squared value is X3_01(150) =
194.6. Since the computed test statistic exceeds this threshold, the null hypothesis that the restric-
tions are valid is rejected, confirming that the specification accommodating unobserved heterogene-
ity achieves a statistically superior fit relative to the restricted model that excludes it. The results
provide strong statistical evidence in favor of the richer specification with unobserved heterogeneity,
justifying its use in the analysis and in the computation of marginal effects and counterfactuals.

A4.1.2 Behavior Pattern Model (Baseline Model) vs. Other Models

R

The critical value for chi-square with 119 degrees of freedom at the 5% significance level is X§.95(119)
145.46. Based on a comparison between the test statistic from the Tables A.22 and A.23, and this
critical value, we reject the null hypothesis at o = 5%, indicating a statistically significant improve-
ment in model fit for the Behavior Pattern Model (Baseline Model) relative to both the Behavior
Summation Model and the Contemporaneous Behavior Model. These results provide strong statis-
tical evidence in favor of the Behavior Pattern Model.

Table A.22: Comparison of Likelihood Function Values: Behavior Summation Model vs. Behavior
Pattern Model (Baseline Model)

Model Likelihood No. of Parameters LR Test Statistic
Behavior Summation Model —40,156 868
Behavior Pattern Model —40,078 987 156

Note: LR test statistic computed as 2({pattern = summation )-

Table A.23: Comparison of Likelihood Function Values: Contemporaneous Behavior Model vs.
Behavior Pattern Model (Baseline Model)

Model Likelihood No. of Parameters LR Test Statistic
Contemporaneous Behavior Model —40,155 868
Behavior Pattern Model —40,078 987 154

Note: LR test statistic computed as 2({pattern — Leontemporancous ) -
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A4.2 Wald F-Tests for Instrument Relevance

Table A.24: Wald F-Tests for Instrument Relevance

Wald Test

Equation # of restrictions (¢) F-statistic X2 p-value
Mother’s Behavioral Equations

Marriage/Cohabitation 7 1.730 12.112 0.097"

Employment 7 2.356 16.492 0.021**

Welfare Receipt 7 9.591 67.138 <0.001***

Alcohol Use 7 2.481 17.365 0.015™"

Smoking 7 1.962 13.735 0.056"

Marijuana Use 7 2.142 14.997 0.036"*

Conviction 7 2.546 17.822 0.013**
Father’s Behavioral Equation

Jail 2 7.269 14.539 0.001***
Child Cognitive Skill Equation

Cognitive Skill 1 5.899 5.899 0.015**
Child Teenage Outcome Equations

Ever failed class 6 3.909 23.454 0.001***

Unlikely to graduate college 6 7.667 46.005 <0.001***

Ever suspended from school 6 7.229 43.371 <0.001™**

Ever drunk alcohol 6 23.202  139.210 <0.001***

Ever used marijuana 6 11.651 69.908 <0.001***

Ever stopped by police 6 13.151 78.907 <0.001™**

Ever had sex 6 10.960 65.760 <0.001***

Notes: Each row reports a Wald F-test for the joint significance of excluded instruments in
the specified equation. ¢ denotes the number of exclusion restrictions (instruments). The
test statistic is F' = %B;[V(ﬁz)]_lﬁz, where (3, is the vector of instrument coefficients

and V(BZ) is the corresponding submatrix of the FIML variance-covariance matrix. The
X2 statistic = ¢ X F. Instruments that enter mother’s behavioral equations are state-level
policy (fraction of married, unemployment rate, fraction of household on public assistance,
beer tax, cigarette tax, marijuana laws, crime rate). Instruments that enter the father’s
incarceration equation are state-level crime rate and substance treatment facility avail-
ability. The instrument that enter the cognitive skill equation is the standardized state
test score. Instruments that enter the teenage outcome equations are peer characteristics
(peers’ drinking, smoking, marijuana use, peer study habit, likelihood of graduating col-
lege) and standardized state test score. *p <0.10; **p < 0.05; ***p < 0.01.
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A4.3 Marginal Effects of Parental Behavior Patterns and Cognitive
Achievement on Teenage Outcomes

Table A.25 reports the estimated marginal effects of parental behavioral patterns and child cognitive
achievement, on teenage outcomes, which include school failure, college readiness, school suspension,
alcohol and marijuana use, police contact, and early sexual activity.16 The marginal effects presented
are percentage points (p.p.) changes relative to the omitted baseline category in each behavioral
dimension. Mothers who consistently reside with the biological father of the child reduce the
probability of failing a class by 7.6 p.p. and decrease the probability of being unlikely to graduate
college by 6.8 p.p., relatively to single mothers. Early singlehood and unstable relationship (i.e.,
a mother who has experienced all the types of marital status: singlehood, married to biobad, and
married to another man) increases school suspension by 9.0 and 7.4 p.p., respectively. Teens whose
mothers are in unstable relationships or had their parents divorce/separate in later period are likely
to having a police contact.

Teens whose mothers were always employed are 14.6 p.p. more likely to have been suspended
from school and 11.2 p.p. less likely to have been in contact with the police, relative to children of
never-employed mothers. Mothers moving in and out of employment in the early and late periods
also increase the probability of school suspension and teenage marijuana use by 19.9 and 11.8 p.p.
respectively, relative to the baseline. These mixed effects are consistent with family time allocation
tradeoff, in that regular employment may raise household income and stability but simultaneously
reduce parental time available for monitoring. Persistent welfare use (“always on welfare”) increases
the likelihood of school suspension by 20.8 p.p., being stopped by the police by 34.6 p.p. and early
sexual activity by 16.6 p.p., relatively to mothers who were never on welfare. These large magnitudes
suggest that welfare participation may capture deep underlying disadvantage or chronic economic
stress that interferes with early skill formation and later teenage outcomes. Mixed patterns, such
as welfare use early but not late, and intermittent welfare use (moving in and out of welfare during
early and late periods), shows sizeable worse effects on teenage class failure, and this highlights that
welfare spells, even when temporary, are strongly predictive of adolescent educational difficulties.

On the contrary, early smoking followed by cessation (“start early & quit”) decreases probability
of risky sexual behavior. The reason may be that cessation represents a lifestyle shift within the
household. When a mother quits smoking in the later period, the child is directly exposed to both
the negative consequences of the earlier behavior and the intentional effort required to quit. This
combination may create a powerful deterrent effect, which is the mother’s cessation serves as an
experiential lesson about health risks and long-term consequences. Similar deterrent effect also
explains why teens whose mothers always drank alcohol are significantly less likely to be suspended
from school or stopped by the police; although other irregular drinking patterns increases the
likelihood of not graduating college and teenage drinking. Regarding paternal jail time, children
whose father were jailed before by age 5 (first 3 periods) are 5.9 p.p. more likely to engaging in
drinking during their teenage. Finally, a 10-point increase in the child’s cognitive score reduces the
probability of failing a class in their teenage by 3.9 p.p..

'%See the full table of results in Online Appendix Tables OA.12 — OA.18
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A4.4 Other Counterfactuals

Table A.26: All Behaviors: Counterfactual and Total Effects Decomposition

Counterfactual  Total Direct Indirect
(1) (2) Effect Behavioral Cognitive

Effect Effect

Ever failed class 0.662 0.389 0.273 0.242 0.030
(0.198)

Unlikely to graduate college 0.385 0.191 0.194 0.206 —-0.012
(0.183)

Ever suspended from school 0.377 0.252 0.125 0.111 0.014
(0.190)

Ever drunk alcohol 0.093 0.128 —0.034 —-0.038 0.003
(0.111)

Ever used marijuana 0.220 0.190 0.030 0.020 0.010
(0.147)

Ever stopped by police 0.363 0.267 0.096 0.092 0.004
(0.190)

Ever had sex 0.363 0.179 0.184 0.168 0.016
(0.170)

Notes: The table reports counterfactual predicted teenage outcomes and a decomposition of the
total effect of the full vector of parental behaviors on teenage outcomes, simulated using the esti-
mated dynamic model. This table represents the most comprehensive counterfactual comparison
in the paper, simultaneously varying all parental behaviors for both the mother and father across
the entire developmental lifecycle. Counterfactual (1) reflects the most disadvantaged behavioral
profile, in which the mother has an unstable marital history, is persistently unemployed, continu-
ously receives welfare, drinks alcohol, smokes cigarettes, uses marijuana, and is convicted in every
period, while the father is incarcerated in every period. Counterfactual (2) reflects the most advan-
taged behavioral profile, in which the mother is always married to or cohabiting with the biological
father, is consistently employed, never receives welfare, abstains from all substances, and is never
convicted, while the father is never incarcerated. Total Effect = Counterfactual (1) — Counterfac-
tual (2). Total Effect is decomposed into a Direct Behavioral Effect, and an Indirect Cognitive
Effect. Simulated outcomes are averaged over 1,000 parametric bootstrap replications; standard
errors are reported in parentheses. None of the total effects are statistically significant at conven-
tional levels. *p < 0.10; **p < 0.05; ***p < 0.01.
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