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Inequality and Social Opportunity
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e An approach based on building capacities to function:
Pre-distribution rather than Redistribution.
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Capabilities—the Capacities to Function
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2. Capabilities—skills—can be created, although there is a strong
genetic component.

3. Different capabilities are more easily shaped at different stages
of the life cycle. Large gaps in capabilities between
advantaged and disadvantaged children open up early, before
children enter school.

4. Families play an important role in shaping capabilities.

5. Schools matter, but what schools do depends on what parents
send them and how parents support children in school.

6. An approach that recognizes the multidimensional aspects of
inequality—health, education, crime, social
engagement—using a unified framework of dynamic capability
formation.
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This approach offers both challenges and opportunities that | will
discuss today.
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e A central finding in the literature is that at least 50% of
lifetime inequality in earnings is due to factors that are in place
and known by the agent by age 18 (Keane and Wolpin (1997);

Cunha et al. (2005); Huggett et al. (2011); Johnson (2010);
Navarro (2011)).
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Key Policy Issues

® From the point of view of social policy, the key question is,
how easy is it to remediate the effects of early disadvantage?

e How costly is delay in addressing early disadvantage? How
critical are the early years and for what traits?

e What is the optimal timing for intervention in different
capacities?

e What form should they take?

e Go beyond treatment effects and understand the mechanisms
that produce treatment effects to be able to compare very
different policies and design new policies.
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e What does income measure in this estimated relationship?
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Intergenerational Correlations of Earnings

e Y is income in generation “1"; Yj is income in generation “0"

In(Y1) =a+flog(Yo) + ¢ (1)
N—— —— =
child parent error term
permanent permanent
earnings earnings

e (. the intergenerational elasticity (IGE)
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® Becker and Tomes (1979, 1986), Loury (1981), Solon (2004).
 Black and Devereux (2011).
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Why the IGE may differ across countries
and over time (Solon 2004)

e 7 = tax rate
e Family budget constraint:

1-7)Yy, = G + / 2
( T)o 0 0 ()

parental consumption  parental investment

e Human capital of the child (hy):

hy = (0 log( hh + Q )+ a
~— ~—~
human capital productivity parental governmental child initial
of child of the investment investment endowment
transmission
process

(3)
* Becker-Tomes (1986): more general credit market (limited
borrowing against future income)
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er =1+ Aeg + X1 (4)

e \is between 0 and 1 and x; is white noise.

e Earnings equation:

e w is the payment to a unit of human capital.
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Family maximizes:
U = (1 —6)log(Co) + 6 log(Y1).
0 measures the degree of altruism towards the child.

Parental investment:

B Sw (1-9)
o [ ) 0%

Provision of governmental goods:
Qo/[(1 = 7) Yo] = ¢ — 7log(Yo).
e Assumes no lending or borrowing across generations.
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log(Y1) = " + [(1 — v)pw]log(Yo) + wey (6)

* ¢ correlated with In(Yp) through common shock e.
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¢ |n steady state, 09 = 03

5= (I —7)Yyw+ A
14 (1= )wA

TasAt,ot,wihyl.
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e Cross section variance of log Y (steady state):

Var x
1- B2
Tin )‘7w7W71_7

e New term not in [ is Var(x) associated with shocks to
endowments

Var(InY) ~
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Questions:
1. Is income the correct summary of family influence?
2. Are credit constraints as important as this model emphasizes?

3. What form should Qg take?
4. How do families transmit their influence?

e A (false) belief that family influence on educational decisions
vanishes in the presence of perfect credit markets—but in fact
in a richer view of the role of parenting this claim is not true.
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How well does this model represent the current state of
knowledge about the origins of inequality?
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Some relevant findings from the recent literature

1. Ability matters.
2. Abilities are multiple in nature.
3. Abilities are created—not solely genetically determined.

4. The nature versus nurture distinction is obsolete (epigenetics).
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Genes, Biological Embedding of Experience, and
Gene-Environment Interactions

e An emerging literature on embedding of experience in the
biology of organisms.
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e Evidence of environmental effects on gene expression.

e Traditional linear models that are widely used and attempt to
separate genes and environments fail to capture this
interaction.

e Estimated “genetic” effects have a strong environmental
component.
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L
DNA methylation and histone acetylation patterns in

young and old twins
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Source: Fraga, Ballestar et al. (2005)
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Examples of How Genes are Triggered by Environments
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CHILDHOOD I\/IALTREATMENT

AGE 3-11 in Dunedin cohort

Maternal rejection (14%)
Harsh discipline (10%)
Caregiver changes (6%)
Physical abuse (4%)

Sexual abuse (12%)

None

Probable

Source: Moffitt, “Gene-Environment Interaction in Problematic and Successful Aging,”
NIA Meeting Feb 12, 2008.
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Male conduct disorder:
Child maltreatment interacts with MAOA genotype

MAOA activity
Low MAOA activity

Il High MAOA activity

-l[

Mild Severe
Child Maltreatment
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Caspi et al., 2002 (Science)

Caspi, McClay et al. (2002).
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How Do Early Experiences Get Under the Skin?

e Lots of evidence by now that early conditions matter for late
life health. Why? What is the mechanism?

® Meaney, Suomi, and Szyf (2009): Early peer rearing affects
gene expression in 22% of rhesus monkey genes.

e Joint work with Steve Cole, Gabriella Conti and Stephen
Suomi investigates the quantitative importance of epigenetic
mechanisms.

e We show that adversity-related changes in expression of basal
leukocyte genes can emerge early in life (4-month old rhesus
monkeys), and independently of cumulative exposures.

® In a companion paper we also show that the adverse effects of
early rearing conditions are not compensated by a normal
social environment later in life.
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The Rhesus Monkeys Experiment

e At birth, monkeys are randomized into 1 of 3 rearing
conditions:
o Mother Reared (MR): left with their mothers
o Peer Reared (PR)
o Surrogate Peer Reared (SPR)
e Last two removed from their mothers at birth, and raised in a
nursery until the 37th day of life. After that:
o PR are placed in groups of 4, and spend 24 hrs a day together
in cages;
o SPR spend 22 hrs a day alone in a cage with a “Surrogate”
mother (hot water bottle hanging in the cage); for 2 hrs a day
they play with a peer group of 3 other monkeys.
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e Between 6 months and 1 yr, all monkeys born in the same year
are put together in a single mixed social group.

e We analyze the genome-wide transcriptional profile of
circulating immune cells in 4-month old infant rhesus

macaques.
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Differential gene expression in leukocytes from
mother-reared vs. peer-reared 4-month-old rhesus macaques

Genes down-regulated in PR Genes up-regulated in PR
Ir

Mother reared[

Peer reared[

Source: Cole, Conti, Heckman, and Suomi (2012).
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Early Life Experiences Change The Way Genes Express
Themselves

hceconomics.org

Up- and Down-Regulated Genes in Rhesus Monkeys

Differential gene expression (GO annotations, biological functions),
SPR vs. MR monkeys

Citokine-mediated signaling pathway (GO19221)
Positive regulation of T cell proliferation (GO42102)
Interleukin-27-mediated signaling pathway (GO70106)

Mother reared

Surroga(e[ -

Peer reared| AS -
Defense response (GO6952, GO42742, GO50832)
Immune response (GO6955)
Innate immune response (GO45087)
Antigen processing and presentation (GO19882)

—

Source: Cole, Conti, Heckman and Suomi (2012).
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What Are the Late Life Effects
of Early Adverse Rearing Conditions?

e What is the quantitative significance of these epigenetic
effects?
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Early Life And Later Physical Health in Rhesus Monkeys
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Probability of Developing an lliness, Males

04

02
| '

Mother Reared Peer Reared Surrogate Peer Reared

Probability of lliness

Source: Conti, Hansman, Heckman and Suomi (2012).

® Males show greater susceptibility to early separation: role of cortisol and 5-HIAA.
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Early Life And Later Mental Health ]
Probability of Developing a Stereotypy, Males

0s

Probability of Stereotypy

Mother Reared Peer Reared Surrogate Peer Reared

Source: Conti, Hansman, Heckman and Suomi (2012).

® \We find the same long-lasting effect for females.
® We find no evidence that the detrimental effects of early rearing conditions are

compensated by a normal environment later in life.
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1. But Early Life Conditions Are Not the Full

Story: Resilience, Recovery, and Repair

e There is also evidence of resilience to adversity and recovery at
later ages.

Early conditions are not fully determinative.

Later life experiences are also important.

The central economic question is what is the cost of
remediation?

How important are experiences and investments at various
stages of the life cycle?
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A Life Cycle Framework for Organizing Studies and Integrating
Evidence

hceconomics.org

0: = (0c,On, 0n) capacities at t
Op,:: parental traits at t
I;: investment at t
Q:: kept implicit
0t+1 = f:(0+, 1+,0p,¢): Technology of Skill Formation

PRENATAL
BIRTH
EARLY
CHILDHOOD 0-3
LATE
CHILDHOOD 3-6

ADULTHOOD
8c,1+1,6NT+1,61,741 D AND BEYOND
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2. The effects of constraints on family resources

(“credit constraints”) on a child’s adult outcomes

depend on the age at which they bind for the child’s
family

e Any evidence of binding credit constraints is in the early years
of childhood.

e Controlling for ability, at the age schooling decisions are made,
racial /ethnic socioeconomic gaps in schooling reverse sign.

e Family income in the adolescent years plays only a minor role
in explaining schooling.

e Family income in early years shows more effect on adult
outcomes than family income in the adolescent years.
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3. Enriched Early Environments Compensate In
Part For the Risks Arising from Disadvantaged
Environments

A main channel through which these interventions operate is
socioemotional skills.

¢ In some studies it's the only channel.

e The effects on health in early intervention studies is now being
investigated.

e Perry Preschool Study.

e Early childhood program that primarily targeted social and
emotional skills.
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5. Ability gaps between individuals and across socioeconomic groups op&rrrerees
up at early ages for both cognitive and noncognitive skills.

Trend in mean cognitive score by maternal education

i

5
L

Mean cognitive score
0
|
\

)
Age (years)

|+Col\egegrad - #— Somecollege ---®--HSGrad —-4--LessthanHS |

Each score standardized within observed sample. Using all observations

and assuming data missing at random. Source: Brooks-Gunn et al.
(2006).
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Average percentile rank on anti-social behavior score,
by income quartile
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6. Gaps in capabilities by age across different socioeconomic
groups have counterparts in gaps in family investments and
environments.
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What is the Role of Families and Environments?

e Which aspects of families and environments are responsible for
producing these gaps?

Genes?

Family environments and investments? Social interactions?

The evidence from numerous intervention studies suggests an
important role for investments and family environments in
determining adult capabilities.
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¢ Investment in children varies substantially by family type.

e Differences are persistent over the age of the child.

Family Environments

e In many countries, a divide is opening up between the
advantaged and the disadvantaged in the quality of early
family environments.

e Those born into disadvantaged environments are receiving
relatively less stimulation, child development resources, and
access to health care than those from advantaged families.

e Likely fosters persistence of inequality across generations.
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Children Under 18 Living in Single Parent Households by Marital Status of Parent hcconomicsors
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1976 1980 1984 1988 1992 1996 2000 2004 2008 2012
Year
I Divorced [ Married, Spouse Absent/Separated
[ widowed Never Married/Single

Source: IPUMS March CPS 1976-2012

Note: Parents are defined as the head of the household. Children are defined as individuals under 18, living in the household, and the
child of the head of household. Children who have been married or are not living with their parents are excluded from the calculation.
Separated parents are included in “Married, Spouse Absent” Category

ckman orial on Economics of Human Development



hceconomics.org

4. Gaps in capabilities by age across different
socioeconomic groups have counterparts in gaps in

family investments and environments.

e Investment in children varies substantially by family type.
e Differences are persistent over the age of the child.

Heckman Tutorial on Economics of Human Development



Cogpnitive Stimulation and Emotional Support by Family Type

~ M
(Density) Never—married
0.3 Single Mom
.
01 Broken/
Blended
0
-15 10 -05 0 05 10 15
(Congnitive Stimulation)
N J

Source: Moon (2012)
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Cogpnitive Stimulation and Emotional Support by Family Type

K
(Density)
Single Mom
0.15
Broken/
LU Blended
0.05
0
-15 10 -05 0 05 10 15
(Emotional Support)
-

Source: Moon (2012)

Heckman

Tutorial on Economics of Human Development

~

hceconomi ics.org




Minority Groups' Parental Investment in Deciles of White
Distribution: Material Resource, age 0-3

hceconomics.org

Fractions

‘_ Hispanic [N Black‘

(a) Girls

Note: Intact family, adjusted for mother’'s education.

Source: Moon (2013).

Heckman Tutorial on Economics of Human Development



Minority Groups' Parental Investment in Deciles of White
Distribution: Material Resource, age 0-3

hceconomics.org

Fractions

‘_ Hispanic [N Black‘

(b) Boys

Note: Intact family, adjusted for mother’'s education.

Source: Moon (2013).
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Minority Groups' Parental Investment in Deciles of White
Distribution: Cognitive Stimulation, age 0-3
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Fractions

‘_ Hispanic [N Black‘

(c) Girls

Note: Intact family, adjusted for mother’'s education.

Source: Moon (2013).
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Minority Groups' Parental Investment in Deciles of White
Distribution: Cognitive Stimulation, age 0-3
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Fractions

‘_ Hispanic [N Black‘

(d) Boys

Note: Intact family, adjusted for mother’'s education.

Source: Moon (2013).
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Minority Groups' Parental Investment in Deciles of White
Distribution: Emotional Support, age 0-3
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Fractions

3 4 5 6 7 8

‘_ Hispanic [N Black‘

(e) Girls

Note: Intact family, adjusted for mother’'s education.

Source: Moon (2013).
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Minority Groups' Parental Investment in Deciles of White
Distribution: Emotional Support, age 0-3
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Fractions

3 4 5 6 7 8

‘_ Hispanic [N Black‘

(f) Boys

Note: Intact family, adjusted for mother's education.

Source: Moon (2013).

Heckman Tutorial on Economics of Human Development



Joint Distribution of Parental Investments at age 12: Black vs.
White

hceconomics.org

Black
©  White

Emotional Support

[
Cognitive Stimulation
Material Resource

(g) Girls

Source: Moon (2013).



Joint Distribution of Parental Investments at age 12: Black vs.
White

Emotional Support

Cognitive Stimulation 2 15

Material Resource

(h) Boys

Source: Moon (2013).
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Parental Investment over Childhood among Whites by Mother's
Education: Material Resource

Score

o —
a 6 8 10 12 14
Age
— — — Lessthan HS HS ------- More than HS
(i) Girls

Source: Moon (2013).
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Parental Investment over Childhood among Whites by Mother's

hceconomics.org

Education: Material Resource

— — — Lessthan HS

(j) Boys

Source: Moon (2013).
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Parental Investment over Childhood among Whites by Family
Income Quartile: Cognitive Stimulation
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Source: Moon (2013).



Parental Investment over Childhood among Whites by Family
Type: Emotional Support

hceconomics.org

Age

(1) Girls

Source: Moon (2013).



Parental Investment over Childhood among Whites by Family
Type: Emotional Support

hceconomics.org

(m) Boys

Source: Moon (2013).



Source of Differences

(a) Information?
(b) Expectations?

(c) Credit constraints? General resources?

e Parental ignorance substantial (Lareu, 2010; Cunha et. al
2012)

(i) Information about the technology of skill formation
(i) Information about the child itself
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Hart & Risley, 1995

Children enter school with “meaningful differences” in vocabulary knowledge.

1. Emergence of the Problem
In a typical hour, the average child hears:

Family Actual Differences in Quantity Actual Differences in Quality

Status of Words Heard of Words Heard

Welfare 616 Words 5 affirmatives, 11 prohibitions
Working Class 1,251 Words 12 affirmatives, 7 prohibitions
Professional 2,153 Words 32 affirmatives, 5 prohibitions

2. Cumulative Vocabulary at Age 3

Cumulative Vocabulary at Age 3

Children from welfare families: 500 words
Children from working class families: 700 words
Children from professional families: 1,100 words
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Effects of Maternal Education and Family Income on Children’s
Participation in Organized Activities: Black Male Child
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la. Probability of participating in organized
activities, by maternal education

0.7

0.6 1

0.51

0.4 w‘

0.3

0.2

o1 1 e

01
Less than High Some BA or
high school  school college more

Source: Lareau (2012), Figure 1
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Effects of Maternal Education and Family Income on Children’s
Participation in Organized Activities: Black Male Child

hceconomics.org

Ib. Expected weekly hours in organized
activities (conditional on having any),
by maternal education

Less than High Some BA or
high school  school college more

Source: Lareau (2012), Figure 1
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Effects of Maternal Education and Family Income on Children’s
Participation in Organized Activities: Black Male Child
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Ic. Probability of participating in organized
activities, by family income

o
w

o
o
P —

Ist 2nd 3rd 4th
quartile  quartile quartile quartile

Source: Lareau (2012), Figure 1
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Effects of Maternal Education and Family Income on Children’s
Participation in Organized Activities: Black Male Child
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Id. Expected weekly hours in organized
activities (conditional on having any),
by family income

Ist 2nd 3rd 4th
quartile  quartile quartile quartile

Source: Lareau (2012), Figure 1
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Effects of Maternal Education and Family Income on Children’s
Participation in Organized Activities: White Female Child
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2a. Probability of participating in organized
activities, by maternal education

Less than High Some BA or
high school school  college more

Source: Lareau (2012), Figure 2
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Effects of Maternal Education and Family Income on Children’s
Participation in Organized Activities: White Female Child
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2b. Expected weekly hours in organized
activities (conditional on having any),
by maternal education

7 |
0 |

Less than High Some BA or
high school  school college more

o

«n

S

w

~

Source: Lareau (2012), Figure 2
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Effects of Maternal Education and Family Income on Children’s
Participation in Organized Activities: White Female Child

hceconomics.org

2c. Probability of participating in organized
activities, by family income

0.7
0.6
0.5
0.44
0.3
0.2
0.1 1
0+ T T T
Ist 2nd 3rd 4th

quartile  quartile  quartile  quartile

Source: Lareau (2012), Figure 2
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Effects of Maternal Education and Family Income on Children’s
Participation in Organized Activities: White Female Child

hceconomics.org

2d. Expected weekly hours in organized
activities (conditional on having any),
by family income

. s
. :
.
4 £
3 ' i
2
' !
5 , o
2nd 3rd 4

Ist th
quartile  quartile  quartile  quartile

Source: Lareau (2012), Figure 2
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Note: Based on coefficients from a tobit regression. These
computations assume a reference child who is white and female;
whose family wealth is in the second quartile; whose father works
and whose mother does not; who has the sample mean values of
age and number of siblings; and whose time diaries were collected
on Wednesday and Saturday. For the education charts, income is
set to the second quartile; for the income calculations, education

is set to high school. Source: Based on author’s analysis of
PSID-CDS data.
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7. In both animal and human species, there is compelling
evidence of critical and sensitive periods in the development of
the child.

8. Early life conditions are not the full story: resilience, recovery,
and repair.

9. As currently configured, many public job training programs
and adult literacy and educational programs that attempt to
remediate years of educational and emotional neglect among
disadvantaged individuals have a low economic return and
produce meager effects for most people.
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e Pattern: returns on later life programs are higher for the more
able.

e Lower returns for the less able adolescents (both cognitive and
socioemotional).

e However, motivational programs—programs that build social
skills and promote social behavior—seem to be effective in the
adolescent years.

* Returns are very high for the most able / motivated college
children (returns of 20% or more)

* Very low for less motivated / less able children
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10. Despite the low returns to interventions targeted toward
disadvantaged adolescents, the empirical literature
shows high economic returns for remedial investments in

young disadvantaged children.
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Returns to a Unit Value Invested

hceconomics.org

«— Programs targeted towards the earliest years

Preschool programs

Schooling

RATE OF RETURN TO INVESTMENT

Job training

0-3 45 School Post-school

Source: Heckman (2008)
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11.

12.

If early investment in disadvantaged children is not fol/owedmlojng
by later investment, its effect at later ages is lessened.

The effects of credit constraints on a child’s outcomes when
the child reaches adulthood depend on the age at which they
bind for the child’s family. Credit constraints operating in the
early years have effects on adult ability and schooling
outcomes. Carneiro and Heckman (2003) show that controlling
for family permanent income reduces the estimated effect of
early income on child outcomes. Permanent income has a
strong effect on child outcomes. The strongest evidence for an
effect of the timing of parental income for disadvantaged
children is in their early years. Holding ability constant, family
income plays no role in adolescent schooling choice.

ics.org
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13. Socioemotional (noncognitive) skills foster cognitive skills and
are an important product of successful families and successful
interventions in disadvantaged families.

14. Parental knowledge of the production technology of children is
very limited, especially among disadvantaged parents
(Cunha et al., 2012, 2013, Lareau, 2001).

15. Early life factors play an important role in shaping adult health
(Barker, 1993; Gluckman and Hansen 2005; Conti et al.,
2012).

16. Multiple treatment effects reported in the literature have a
well established causal bases. The mechanisms producing the
effects are much less clearly established.
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e Literature is long on treatment effects, short on understanding
mechanisms
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e Mechanisms needed for policy and interpretation
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Dynastic Model of Parental Investment that Emphasizes

the Interaction of Dynamic Complementarity and Credit
Markets

Cunha and Heckman (2007, 2009) and Cunha (2007); Heckman and Mosso
(2013)

One child families

Multiple periods as adults and as children

Allows for critical and sensitive periods

Parental altruism over child and adult outcomes

Parents face different constraints

i. Inability of the family to borrow against future income of child
ii. Inability of parents to borrow against their own future
income

Children cannot choose their parents (accident of birth)

Retain h as a scalar ("human capital”)
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Which features of the list of facts are captured by the
model?

hceconomics.org

® Abilities created (= human capital)
® Silent on genetics

® Explains emergence of ability gaps

® Relates to gaps in family investments
® C(ritical and sensitive periods

® Explains why later life interventions may not be as effective as early life
interventions

® High returns for disadvantaged children
® Why early investment should be followed by later investment

® Why early credit constraints have bigger effects on child outcomes than
later constraints

® |t captures empirically important mechanisms of family influence that are
present even when credit constraints are absent: parental influence on
IGE and educational choices even when credit markets are perfect
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Individual lives 2T years. (T > 2)

The first T years, the individual is a child of an adult parent.
From age T + 1 to 2T the individual lives as an adult and is
the parent of a child.

The individual dies at the end of the period in which she is 2T
years old, just before her child’s child is born.
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e Parents invest in their children because of altruism.

e [.: parental investments in child skill when the child is t years
old, where t =1,2,..., T.
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e Retain scalar human capital but there are critical and sensitive
periods. For generation g in period t:

parental investment

~ =
g _ g g g—1 g g
ht+1 - ft( ht ) It ) ht ) Qt ) <C:t )
~— ~—— ~— ~—
self-productivity parental governmental shocks
human investment
capital

e f, increasing in all arguments

e hg: initial condition (can depend on parental investment and
parental human capital)
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Complementarity /Substitutability

Static Complementarity /Substitutability:

PHE, o PR
DIEORE =7 91fons T =

Dynamic Complementarity /Substitutability:

0*hg,
_t > 0; > 1
olFarE, = 4
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Preferences and the Optimal
Life-Cycle Profile of Investments

e Assume T = 2; stationary environment. (Two periods of
childhood)

® w: wage rate
® r: interest rate

e At the beginning of adulthood, the parents draw the initial
level of skill of the child, 65, from J(6§), which they can
influence through investment.

e Drop “g" superscript to simplify notation.
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On reaching adulthood, parents receive bequest b.

State variables for the parent: parental skills, h, the parental
financial resources, b, and the initial skill level of the child, 6;.

C: and G denote the consumption of the household in the
first and second period of the life cycle of the child.

The budget constraint is:

Gb B
(1+7r) (1+r)2_ (1+7r)

Vv
Parental choice variables

Ci+h +

[
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[ discount factor

e §: measure of parental altruism toward the child.

7(-) is the one period utility function.

Problem of the parent:

V (h, b,6o) = max{n(G) + B (G) + BXE [V (W, b, 96)](} :
8
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A SpeCiaI Case hceconomics.org

Assume hg, 1, I are scalars.
The child’'s adult stock of skills, A’:

h, = oy (h,eo,ll,lz). (9)

Conventional specification of technology (9) implicit in
one-period models:

h/ = ms (h7007f}/ll + (1 - 7) /2) (10)
v=1/2.

Adult stocks of skills do not depend on how investments are
distributed over different periods of childhood.
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e Polar opposite:

h, =my (h,@o,min{ll,lg}). (11)
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e More general technology:

=

= me (ot [y (1) + (1= ) ()]

). @

forp <land 0 <~ <1.
e The CES share parameter v is a skill multiplier.
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Optimal Investment Strategies for ¢ =1
(perfect substitutes)

When ¢ = 1, early and late investments are perfect CES
substitutes, the optimal investment strategy is straightforward.

The price of early investment is $1.

The price of late investment is $1/(1 + r).

Productivity of early investment: ~; late investment (1 — 7).
Invest early if v > (1 —~v)(1+r)

Heckman Tutorial on Economics of Human Development



General Case

e For —o0 < ¢ < 1, the first-order conditions are necessary and
sufficient given concavity of the technology in terms of /; and
b.

e —co<p<1L:

_1

= laa) 143)
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The Ratio of Early to Late Investment in Human Capital As a
Function of the Skill Multiplier for Different Values of
Complementarity

hceconomics.org

4

T
= Leontief 1 T
—-=-05 r
=+= CobbDouglas
- =05

»
o

N
~ o w

Ratio of Early to Late Investment
&

04 05 06 07 08 09
Skill Multiplier (y)

(Assumes r = 0)

Source: Cunha et al. (2007, 2009).
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Alternative Market Environments

e In a complete-market model, optimal investment levels do not
depend on the parental permanent shocks to wages or
endowments or the parameters that characterize the utility
function n(+).

e Even in this “perfect” credit market setting, parental
investments depend on parental skills, h, because these
characteristics affect the returns to investment.

e Generalizes Becker-Tomes.

e From the point of view of the child, this is a market failure due
to the accident of birth (cannot insure against “bad” parents).
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Constraints on Borrowing Across Generations

e Suppose parents cannot borrow against child’s future earnings.
(Becker-Tomes, 1986)

e A second credit constraint: the parental bequests must be
non-negative and parents only have access to of a risk-free
bond, and not to contingent claims.

e The problem of the parent is to maximize (8) subject to (7),
the technology (12), and the liquidity constraint:

b > 0. (14)
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e If binding, realized investment7j less than optimal /7
I, < I¥ (unconstrained), l, < I (unconstrained)

e Under liquidity constraints actual investment T < 15 is lower
than the early investment under the perfect credit market
model, /], and 72 < I.

e Under this formulation of market incompleteness,
underinvestment in skills starts at early ages and continues
throughout the life cycle of the child.

e Lower investment in both periods does not affect
ratio of investments (/1/h).
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Parents Themselves Face Lifetime Liquidity Constraints

e Cunha (2007); Cunha and Heckman (2007)

e Parents are subject to lifetime liquidity constraints and
constraints that prevent the parents from borrowing against
their own future labor income, which may affect their ability to
finance investments in the child’s early years.

e Assume that parents’ productivity grows exogenously at rate «.

Heckman Tutorial on Economics of Human Development



e s: parental savings.
e Parents face a sequence of constraints at each stage of the life
cycle of the child:

S
Citht— =
A ) wh + b (15)
c+/+L—W(1+ Yh+s (16)
27T O @

s>0and b > 0.
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® Suppose n(C) = (C*—1)/\

hceconomics.org

e M s

Lo L=+ 1+ a)wh—b)
<1
T L =
_[(1—7)(1+r)} {icz]‘
<1

Now, ratios of investment depend on parental preferences and endowments.

If early income is low with respect to late income, the ratio /1 /L will be lower than the
optimal ratio.

® Tug of war between X\ and ¢.

® With sufficiently high A (e.g. A = 1), parental deferred consumption can compensate
for early credit constraints.

® Estimates of Cunha, Heckman, and Schennach (2010) suggests 1/(1 — ¢) = .3
(¢ = —2), and Attanasio and Browning (1995) estimate X € [—3, —1.5]

® (1-1))/(1— ¢) € [0.83,1.3]. Family resource influence on relative investment.
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e Cunha et al. (2006) and Cunha and Heckman (2007) discuss
the evidence in support of the importance of early credit
constraints.

* Recent empirical work by Caucutt and Lochner (2012)
confirms the findings reported in previous research. See
Lochner and Monge-Naranjo (2012) for a survey.

e Evidence consistent with relative unimportance of family
income on adult human capital, except possibly at early years.

e |neffectiveness of adolescent interventions
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Question: Does this analysis support a social Darwinist point
of view?

e Depends on the complementarity/substitutibility between /
and b

e Three different notions:

o O = f1(b, I) fb<0orfh>0

o 0= f2(01, h) f2<0orf3>0

° 0 =g(h,h,0) g12 < 0 even if £2 > 0 (this seems to be
the case)
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Limitations of Analysis

hceconomics.org

(A) One-dimensional focus on inequality as income inequality. Yet other
dimensions: education, health, crime

(B) Places focus on credit market failures as a principal source of inequality

(C) But does broaden the role of family in producing inequality in
investment and income

(D) Scalar ability: there are multiple abilities

(E) Scalar investments: yet multiple investments at indifferent
stages of the life cycle

(F) Efficiency units model of labor market—yet there is evidence of
comparative advantage in the labor market and other tasks in life.
Huge literature on multiple skills with different pricing of skills and
trends of prices

(G) No clear way to interpret a large and growing body of evidence on
treatment effects from different policies.

(H) How to integrate family investments and government policies?
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The Capability Approach to Inequality and Human
Development

* Capabilities are the capacities to function (Sen, 1985).

e An agent at age t is characterized by a vector of capabilities:
9t - (QC,h 9N,t7 9H,t)

o fc, is a vector of cognitive abilities (e.g., I1Q) at age t,

o @+ is a vector of noncognitive abilities at age t (e.g., patience,
self control, temperament, risk aversion, and neuroticism).

o Op, is a vector of health stocks for mental and physical health
at age t.
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Recent Studies in the Economics of Human Development
Establish That:

hceconomics.org

1. A core, low-dimensional, set of capabilities — the capacities
that promote functioning — explains a variety of diverse
socioeconomic outcomes.

2. Cognitive and noncognitive capabilities are both important
causal determinants of life-cycle outcomes with equal strength
for many outcomes.

3. Biology and health are also important determinants of
life-cycle success and life-cycle development.

4. Capabilities are not set in stone. There is strong evidence of
genetic components, but capabilities evolve and can be shaped
in part by investments and environments.
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5. Critical and sensitive periods:

5.a Earlier for cognitive capabilities
5.b Later for noncognitive capabilities
5.c Varies depending on the particular biological capability

6. Gaps across socioeconomic groups in both types of capabilities
open up early
7. o Persist strongly for cognitive capabilities;
Less strongly for noncognitive capabilities;
Widen for many biological capabilities
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o & Many early childhood interventions operate primarily through
boosting noncognitive capabilities—IQ barely budged—if at
all—by many interventions.

9. Adolescent remediation is largely ineffective especially for
cognitive interventions.

10. Dynamic state space framework that formalizes these ideas
and is a guide for synthesizing evidence across diverse
interventions for making policy and for understanding the
mechanisms governing human development.
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The framework has five main ingredients:

hceconomics.org

1. Age-Specific Outcome Functions that show how capabilities, effort, incentives and
purchased inputs determine outcomes of functionings;

2. Dynamic Technologies for producing capabilities;
3. Parental Preferences:
o Parental altruism.
o Alternative: merit goods: Parents value specific outcomes, not
necessarily child utility.
VP(VE): the valuation by parents of child value function.
VP = Parental Preference.
V€ = Child Preference.
Models of Preference Formation.
o Models of Parent-Child Interactions;

4. Social Influences, and Government Policies that help to shape investments in skills.
Parental preferences for child outcomes;

O O O O

5. Information and Constraints reflecting access to credit markets, time constraints, and
constraints arising from social interactions and access to information.
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e —————— L
Functionings

e Activities can be very general.
e The outcome from activity j at age t is Y., where

)/j,t = ¢j,t 9C,t7 GN,ta eH,ta €t )<j7t , J € {17 s 7Jt} (17)
h/_/ A/_/
0 set of
t available
activities

* ¢ is effort devoted to activity j at time t
e Effort supply function depends on rewards and endowments:

et = 0; (Rjt, At) (18)

* R;; is the reward per unit effort in activity j

e A; represents other determinants of effort which might include
some or all of the components of 6, as well as purchased
goods.

e Xj. is purchased inputs that affect functionings.
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Dynamic Complementarity and
the Capability Formation Process

e The capability formation process is governed by a multistage
technology.

e Each stage corresponds to a period in the life cycle of a child.
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e The technology of capability formation (Cunha and Heckman,
2007, Heckman, 2007) captures essential features of human
and animal development.

* |t expresses the stock of period t + 1 capabilities (#;.1) in
terms of period t capabilities, (6;), investments, (/;), parental
environments (6p ), and government investment Q;:

9t+1 - ft(eta /t7 9P,t, Qt) (19)

e 0 is the vector of initial endowments determined at birth or at
conception.
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® An important feature of the technology that explains many findings in
the literature on skill formation is complementarity of capabilities with

investment:
a2ﬂ(0t7 It7 GP,ta Ql’)
000!

> 0.

® Static complementarity between period t capabilities and period t
Investment.

® The higher 6;, the higher the productivity of investment /;.

® There is also dynamic complementarity.

® Technology (19) determines period t + 1 capabilities (0¢41).

® This generates complementarity between investment in period t and
investment in period s, s > t.

® Substitutability replaces "> 0" with "< 0."

Heckman Tutorial on Economics of Human Development



e Using the technology, one can define critical and sensitive
periods for investment.

J !f %,(t') =0 for t # t*, t* is a critical period for that
Investment.

o If 8’%() > aff’ for all t # t/, t is a sensitive period.

. The technology is consistent with the body of evidence on
critical and sensitive periods.

e Will discuss parental preferences, child-parent interactions, and
constraints later.
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A Life Cycle Framework for Organizing Studies and Integrating
Evidence

hceconomics.org

0: = (O¢c,On,0n) capacities at t
Op,;: parental traits at t
I;: investment at t
Q¢ kept implicit
0t+1 = f:(0r,1+,0p ¢): Technology of Skill Formation
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Estimating and Interpreting the Distribution of
Capabilities,

the Maps Between Capabilities and Functionings
and the Technology of Capability Formation
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1. Rich panel data—multiple measurements on proxies for "™
capabilities, functionings, and investment.

Need to condense data into interpretable summaries.

3. Linear production systems do not capture dynamic
complementary; Nonlinearity is fundamental.

4. Measurements are often item scores: i.e. measurement system
is nonlinear.

5. Need a robust approach that does not depend on specific
functional forms: nonparametric approach.

6. Test scores do not have a natural metric. Any monotonic
function of a test score is a test score. “Value added”
measures widely used are meaningless unless anchored in
meaningful outcomes.
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7. Anchor test scores in adult outcomes of interest.

8. The data on inputs and outputs are characterized by
considerable measurement error, and models are nonlinear.

9. Investments are chosen by parents who have more information
than econometricians. Address and solve the problem of
endogeneity in nonlinear systems.

10. Low dimensional factors ( “capabilities”) generate a high
dimensional set of functionings.

11. Dimension and factor structures selected through a novel
Bayesian procedure—Avoids arbitrary methods in Exploratory
Factor Analysis.

12. Nonparametric state space and measurement system.
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e Adult outcome j in period t, Y., is produced by a
combination of different end of period T skills:

\/j,t :wj,t (etaej,ta)g,t)7 .I S {177'/} (21)

e Qutcomes include test scores, wages, achievement in an
occupation, hours worked, criminal activity, teenage pregnancy,
etc.

e 0+ has different effects in different tasks in the labor market
and in other areas of social performance.
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Technologies

Ok,er1 = fo i (Or, It Ope, 0, Tk t) (22)
forke {C,N,H}, te{1,2,...,T},and s {1,...,S}.

® 0 = (Nc.tsMnt, MH.e) denotes shocks and/or unobserved
inputs.
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Identification of the Technology of Skill Formation

e To estimate the technology of skill formation: Have to solve
three problems.

1. Don't observe (6;, Ix, 0p.+) directly, but have many
measurements on it. Measurement error in nonlinear
systems.

2. Don’t know which scale to use to measure components of 6;.
Anchor test scores on adult outcomes.

3. Investment /; ; may be chosen by parents based on information
that may be unobserved by the econometrician (7 ;).
Endogeneity of investment.
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e Key idea is use of multiple proxies for unobserved components
(MIMIC; Joreskog and Goldberger, 1975).

o Extend MIMIC to a nonlinear model

e Allow for nonclassical measurement error
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Identification of a General Measurement Error
Model

Generalize linear factor models:

Zj:aj(é,sj) fOI’jG{l,...,M} (23)

M >3

* Indicator Z; is observed while the latent factor ¢ and the
disturbance ¢; are not.

e Cunha, Heckman, and Schennach (2010, Econometrica)
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Nonparametric ldentification of the Technology of

Capability Formation

e Nonparametrically identify technology:

Oer1 = fej (Or, It Op e, 00, Mk t) -
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e Normalize 7+ to have a uniform density on [0, 1].

e Any of the other normalizations suggested by Matzkin (2003,
2007) could also be used.

® Assuming 7y is uniform [0, 1], f; x is nonparametrically
identified.
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Proof:
e Can identify:

Pr [ek,t+1 < 0_|0t7 It 9P,t] =G (éwu It HP,t) .

fs,k (Qt, /k,t, ‘9P,t) =Gt (nk,t|9t7 Ik,t7 9P,t)

o G (ke | Or, It, Op,¢) denotes the inverse of
G (0| 0¢, le,0p,c) with respect to its first argument: i.e. the
value 6 such that nx . = G (6 | 0, l¢,0p,:).
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Anchoring Skills in an Interpretable Metric

e |t is common in the empirical literature on child development,
schooling, investment and on value added models for test
scores to measure capabilities— “ability” —by test scores.

e However, test scores are arbitrarily scaled.
e Any monotonic function of a test