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Rich Man, Poor Man: Socioeconomic Adversity and Brain Development
By Kimberly G. Noble, M.D., Ph.D.

Illustration by William B Hogan

Editor’s Note: Here’s a disturbing statistic that made headlines this past January: The
richest 85 people in the world now hold as much wealth as the poorest half. Keeping in mind
the goal of closing the ever-widening gap between the haves and the have-nots, our author
examines new research that ties family income level and other factors to brain development.
While socioeconomic adversity may not solely determine a child’s success later in life, its
significant role in helping children develop language, memory, and life skills can no longer
be ignored.
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The human brain has been called “the most complex three pounds in the universe.”[1]
Indeed, this characterization does not seem hyperbolic when we consider that we are born
with 100 billion neurons at birth,[2] and that an additional 250,000 to 500,000 new neurons
are formed every minute in the first few months of an infant’s life.[3] Further, it is not just
the number of neurons, but the number of synapses, or connections between neurons, that
is extraordinary. Synaptic connections become increasingly complex in the first few years of
life, and children have 1,000 trillion connections by age three.[4] Early experiences are
critical in shaping this process. In the brain, neural circuits that are used repeatedly tend to
strengthen, whereas those that are not used are dropped, or pruned. The most vigorous
growth and pruning of these connections occur in the first three to four years of life,[5]
meaning that the brain is most plastic, or able to make new connections, early in childhood.

For example, studies in the late 1990s revealed that children who learn a second language
early (prior to age seven) show neural organization of the second language that is
remarkably similar to that of the first language. In contrast, among late learners of a second
language, the second language is in effect “stored separately,”[6] which helps to account for
poorer pronunciation and grammar in late-second-language learners.

More recently, the effects of early life experience have been applied to the study of the
aging brain. As we get older, the function of our nervous system declines. For example,
older adults often have difficulty understanding speech as well as their younger
counterparts. This difference is particularly salient in environments with substantial
background noise, such as cocktail parties. Researchers recently showed that several years
of music training early in life can offset this process of auditory decline.[7] Specifically, a
moderate amount of musical training in early childhood is associated with faster neural
response to speech later in life, decades after the individual last picked up a musical
instrument. The research suggests that early experience with music trains the brain to
interact more dynamically with sound throughout a person’s life.
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While early exposure to additional languages or music may lead to beneficial changes in
brain development, early adversity can likewise have important but detrimental effects on
the brain.

Early Adversity
Children under 18 years of age represent 23 percent of the population, but they comprise
34 percent of all people in poverty. More than one in five children in the United States live
in poverty, representing more than 16 million children.[8] Importantly, the definition of
poverty is strictly based on family income and the number of adults and children in the
home, with no adjustment for geographic location. Thus, based on the most recent federal
guidelines, a family with two adults and two children is considered to live below the poverty
line if they earn less than $23,550 per year, regardless of where they reside. The guidelines
fail to take into account the fact that raising a family in a city like New York or San Francisco
is much more expensive than, for instance, raising a family in rural South Dakota.

For that reason, many researchers partly consider the role of multiple socioeconomic
factors in addition to income. Socioeconomic status, or SES, incorporates additional
objective measures such as parental education and occupation. Sometimes researchers also
consider subjective social status, which is an individual’s subjective rating of his or her
position in the social hierarchy.

Across these different socioeconomic indices, researchers have described marked
disparities in a range of important cognitive and achievement measures for children, such as
IQ, literacy, achievement tests, and high school graduation rates.[9] Disparities in
achievement tend to emerge early and then widen throughout the early elementary school
years. For example, by 10 years of age, family SES is an excellent predictor of a child’s
cognitive abilities: children from higher-SES families tend to perform well above children
from lower-SES families—regardless of whether those children had high or low cognitive
abilities at age two.[10]
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Numerous factors contribute to these SES gaps in cognitive development: nutrition,
environmental toxins, home learning environment, exposure to stress, and early schooling.
Further, these different pathways are often highly correlated, in that disadvantaged families
are more likely to be exposed to multiple risk factors than are advantaged families. As such,
researchers find it daunting to tease out the mechanisms behind the SES gap in cognitive
development and, in turn, to design effective interventions.

Weighing Other Factors
One way to begin to make sense of the tangled web of inter-correlated mechanisms leading
to socioeconomic disparities in cognitive development is to recognize that cognitive
development is itself a very broad construct—too broad to be realistically considered as a
single outcome. We are therefore better off trying to understand the links between SES and
specific aspects of cognition.

The field of cognitive neuroscience teaches us that different brain structures and circuits
support distinct kinds of cognitive skills. While classic academic milestones such as school
graduation can tell us broadly about global effects of socioeconomic disparities on
achievement, we know that achievement is actually a complex output of multiple cognitive
and socio-emotional systems, such as language, learning and memory, and self-regulation.
These distinct cognitive systems are supported by different brain regions and networks. So,
while classic measures of academic achievement such as high school graduation must at
some level reflect the function of the brain, they are relatively uninformative when it comes
to disruptions or disturbances in specific cognitive and neural processes. By taking a
cognitive neuroscience approach, we may improve our efforts at providing targeted
educational interventions.

This was the approach that my colleagues and I have taken, beginning when I was a
graduate student with Martha Farah at the University of Pennsylvania, in a series of studies
over the last decade.[11-13] In these studies, we investigated which core cognitive functions
were most strongly related to SES. To do so, we recruited children from socioeconomically
diverse families and administered a series of cognitive tests designed to tap in to the core
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systems of language, executive function, visuospatial skills, and memory—systems that are
supported by relatively distinct brain circuits. Across studies, children ranged from
kindergarten through middle school age. At any one age, of course, some children perform
dramatically better than others. We set out to determine the extent to which such
disparities in performance could be explained by differences in SES.
The answer, it turned out, was “to a large extent.” In general, children from higher SES
homes tended to perform better on most cognitive skills than children from lower SES
homes. However, the disparities were not uniform. Across studies, we found the largest SES
disparities in language skills, with more modest differences in children’s memory and
executive-function abilities. For example, in one study, for each standard deviation increase
in SES (operationalized as a composite of parental education, occupation, and income),
language improved by more than half a standard deviation, declarative memory skill
increased by approximately one-third of a standard deviation, and certain executivefunction skills increased by approximately one-quarter of a standard deviation.[11] Similar
socioeconomic gradients in these skills have been reported in children in developing
countries.[14] More recent work from our lab has suggested that socioeconomic disparities in
neurocognitive development emerge very early, with large differences in language and
memory development evident before two years of age.[15]

Building on the Findings
Scientists leading other recent investigations of socioeconomic differences in brain structure
and function have considered more specific cognitive and neural outcomes, and it has
become possible to begin to tease apart the modifiable environmental factors that mediate
these links.

Since the greatest socioeconomic disparities are present in language skills, let us turn first to
several findings concerning SES disparities in the function and structure of languagesupporting regions of the brain. Polish neuroscientist Przemyslaw Tomalski and colleagues
recently used electroencephalography (EEG) to examine SES differences in infants’ brain
function.[16] This technique is widely used by investigators to examine how powerful a
child’s brain waves are in different locations across the scalp, thus providing some insight
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into the activity in different brain regions. Their study found that by six months of age,
parent occupation and income were already associated with higher-power brain waves in
frontal brain regions. Critically, higher-power brain waves in these regions have been
associated with better language development at later ages.[17, 18] Thus, it is possible that at
least one neural signature of growing up in socioeconomic disadvantage may be detectable
very early in infancy, well before behavioral measures of discrepancies in cognitive
processing may be evident.

In a recent study in our lab, we examined brain volumes in a group of 60 socioeconomically
diverse children ranging from 5 to 17 years of age. We found that, as children get older,
higher SES children tend to dedicate relatively more neural real estate to areas of the brain
that support language development, in comparison to their lower SES peers.[19] This
suggested to us that something about the experience of growing up in a higher SES
environment likely leads to a greater investment in language-related regions of the brain.

Indeed, this something is almost certainly experience with language itself. It is well
established that children from disadvantaged homes tend to hear fewer words—an
estimated 30 million fewer words by age three than their higher-SES counterparts, to be
precise.[20] Lower-SES mothers are also more likely to speak to their children in a directive
rather than conversational manner, and to use less complex speech patterns and fewer
gestures.[20-22] It is likely that differences in maternal speech input result in a cascade of
effects that are directly relevant for the development of a child’s language-supporting
cortex during infancy.[21] Much as greater exposure to music may increase an individual’s
perception of speech years later, greater social engagement with interactive adults may
lead children to have improved abilities to perceive and discriminate among speech
sounds.[22] Thus, one mechanistic pathway would suggest that socioeconomic disparities
result in large differences in quality and quantity of linguistic exposure, which in turn lead to
differences in the development of language-supporting brain regions—and, finally, to the
often-reported SES disparities in children’s language skills.[19]

The Role of the Hippocampus
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As described above, SES disparities in children’s learning and memory abilities have been
also reported, independent of disparities in language. The hippocampus is one brain
structure that is critical for memory development, and a number of recent studies have
indicated that SES factors are associated with hippocampal size in both children[19, 23, 24] and
adults across the life span.[25, 26] Research in both animals and humans suggests that the
experiences of stress and neglectful or abusive parents have direct effects on the
development of the hippocampus.[27-30] While family stress is certainly not limited to lower
SES families, it is often disproportionately felt in more disadvantaged homes. Thus, a second
pathway would suggest that SES differences in exposure to stress may operate on the
hippocampus to mediate previously described SES disparities in declarative memory
processes.[19] Supporting this notion, Joan Luby of Washington University-St. Louis and
colleagues recently found that more hostile parenting relationships and family stress
accounted for links between income and hippocampal size.

Finally, socioeconomic disadvantage is associated with a decreased ability to regulate
cognition[11-13, 31] and emotions,[32-34] a critical aspect of school readiness that predicts grades
and achievement-test scores from elementary through high school. Recent work from a
number of laboratories has demonstrated SES disparities in the neuroanatomic structure
and function of the prefrontal and limbic cortical regions that support these skills. [19, 35-40]
Again, chronic stress has been associated with alterations in the development of this
circuitry. [29, 41] Thus, a third pathway would suggest that SES differences in exposure to
stress may also operate on prefrontal cortex and limbic circuitry, thus mediating previously
described SES disparities in self-regulation.[19] For example, NYU developmental psychologist
Clancy Blair and colleagues[42] reported that the link between positive parenting behaviors
and children’s executive function was partially mediated through the stress hormone
cortisol, and Nim Tottenham of Columbia University recently showed that early adversity in
the form of maternal deprivation leads to premature adult-like connections between
prefrontal and limbic regions.[41]

Thus, mounting evidence suggests that socioeconomic factors—parental education or
family income—may lead to differences in the home-language environment or exposure to

7

Cerebrum, May 2014
family stress, which in turn have cascading effects on the development of brain systems that
support critical neurocognitive functions such as language, memory, and self-regulation.
And yet we still do not know the level at which it is most efficacious to intervene.

Closing the Gap
Are our efforts best directed at improving disadvantaged children’s educational
experiences, with a focus on language, memory, and self-regulation skills? School-based
interventions are certainly the most prevalent form of early-childhood intervention, and
many, such as the Chicago School Readiness Project[43] and Boston’s pre-K program,[44] have
shown promising gains in both preacademic and self-regulatory skills for disadvantaged
children. And yet, while these programs can be effective, they are unlikely to be sufficient:
Given the size of the SES gap by the time children enter school, preschool interventions
alone are unlikely to bridge the gap fully.[45] Some small, intensive early childhood programs
such as Perry Preschool or Abecedarian have been shown to result in substantial long-term
benefits on cognitive development and achievement, and even physical health as children
enter adulthood.[46, 47] However, the pragmatics of scaling up such programs to the larger
population while maintaining high quality is a frequently cited concern.

Young children spend the vast majority of their time with their parents and other
caretakers, and so perhaps we should we be focusing on parents’ behaviors. Highly
educated parents invest far more time playing with, talking to, and teaching their children,
and parenting style has been cited as the single most important factor in explaining the SES
gap in cognitive development.[48] And so, perhaps targeting parenting would be the most
effective avenue of intervention. Small-scale interventional efforts to teach disadvantaged
parents about the benefits of speaking early, often, and richly to their children are
producing promising results.[49] However, while some larger-scale parenting interventions
such as the Nurse-Family Partnership program have led to moderate improvements in
children’s cognitive and behavioral outcomes, [50] many have a mixed record of success,[51]
often due to difficulties with attrition and low participation. Overcoming obstacles to scaling
up such interventions will require researchers and policy makers to carefully consider
parental motivations and beliefs.[45]
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Finally, let us consider interventions that operate at the most distal level—that of SES itself.
Correlational evidence suggests that, for disadvantaged families, a $4,000 increase in family
earnings in the first two years of a child’s life leads to remarkable differences in that child’s
adult circumstances, including a 19 percent increase in adult earnings, a marked increase in
hours spent in the workforce, and even some evidence of improved physical health in
adulthood.[52, 53] While family income alone is unlikely to be the most important factor in
setting young children along an achievement trajectory, it may well be the most malleable
factor from a policy perspective. Thus, based on the evidence described above, many
leading social scientists and neuroscientists believe that policies that reduce family poverty
would have meaningful effects on early caregiving and reductions in family stress, ultimately
improving children’s brain functioning and promoting the cognitive and socio-emotional
development that is so critical for children to succeed and to lead healthy, productive lives.
Bio
Kimberly Noble, M.D., Ph.D., is an assistant professor of pediatrics at Columbia University,
where she studies socioeconomic disparities in children's neurocognitive development.
Trained as a developmental cognitive neuroscientist and pediatrician, she received her Ph.D.
in neuroscience and her medical degree from the University of Pennsylvania. Current
research interests include the time course with which socioeconomic disparities in
neurocognition emerge in early childhood; the modifiable environmental factors that
mediate such disparities; and the brain-behavior relationships that account for these links.
Additionally, Noble is involved in several studies of interventions, including a program
targeting children's literacy, math and self-regulation skills, as well as a study of the effects
of experimental poverty reduction on cognitive and brain development. Noble was recently
named an Association for Psychological Science “Rising Star.”

References

9

Cerebrum, May 2014

1.
2.
3.
4.
5.

6.
7.

8.
9.
10.
11.

12.

13.

14.

15.

16.

Asimov, I., In the Game of Energy and Thermodynamics You Can’t Even Break
Even: Journal of Smithsonian Institue. 1970, June.
Toga, A.W., Thompson, P.M., and Sowell, E.R., Mapping brain maturation.
Trends in Neurosciences, 2006. 29(3): p. 148-159.
Purves, D. and Lichtman, J.W., Principles of Neural Development. 1985,
Sunderland, MA: Sinauer Associates, Incorporated. 433.
Shore, R., Rethinking the Brain: New Insights into Early Development. 1997, New
York, NY: Families and Work Institute. 92.
Huttenlocher, P.R. and Dabholkar, A.S., Regional differences in synaptogenesis in
human cerebral cortex. Journal of Comparative Neurology, 1997. 387: p. 167178.
Neville, H.J. and Bavelier, D., Neural organization and plasticity of language.
Current Opinion in Neurobiology, 1998. 8(2): p. 254-8.
White-Schwoch, T., Carr, K.W., Anderson, S., Strait, D.L., and Kraus, N., Older
adults benefit from music training early in life: biological evidence for long-term
training-driven plasticity. The Journal of neuroscience : the official journal of the
Society for Neuroscience, 2013. 33(45): p. 17667-74.
National Center for Children in Poverty. 2014; Available from:
http://www.nccp.org/.
Brooks-Gunn, J. and Duncan, G.J., The effects of poverty on children. The Future
of Children, 1997. 7(2): p. 55-71.
Feinstein, L., Inequality in the early cognitive development of British children in
the 1970 cohort. Economica, 2003. 70(277): p. 73-97.
Noble, K.G., McCandliss, B.D., and Farah, M.J., Socioeconomic gradients predict
individual differences in neurocognitive abilities. Developmental Science, 2007.
10(4): p. 464-80.
Noble, K.G., Norman, M.F., and Farah, M.J., Neurocognitive correlates of
socioeconomic status in kindergarten children. Developmental Science, 2005.
8(1): p. 74-87.
Farah, M.J., Shera, D.M., Savage, J.H., Betancourt, L., Giannetta, J.M., Brodsky,
N.L., Malmud, E.K., and Hurt, H., Childhood poverty: Specific associations with
neurocognitive development. Brain Research, 2006. 1: p. 166-74.
Fernald, L.C.H., Weber, A., Galasso, E., and Ratsifandrihamanana, L.,
Socioeconomic gradients and child development in a very low income population:
Evidence from Madagascar. Developmental Science, 2011. 14(4): p. 832-847.
Brito, N.H., Engelhardt, L.E., Mack, L., Nail, E.J., Barr, R., Fifer, W.P., Elliott, A.J.,
and Noble, K.G., Socioeconomic Status is Associated with Language and Memory
Development in the First Two Years, in International Society for Infant Studies.
2014: Berlin.
Tomalski, P., Moore, D.G., Ribeiro, H., Axelsson, E.L., Murphy, E., KarmiloffSmith, A., Johnson, M.H., and Kushnerenko, E., Socioeconomic status and
functional brain development – associations in early infancy. Developmental
Science, 2013: p. n/a-n/a.
10

Cerebrum, May 2014

17.

18.

19.

20.
21.
22.
23.
24.

25.

26.

27.

28.

29.

30.

Benasich, A.A., Gou, Z., Choudhury, N., and Harris, K.D., Early cognitive and
language skills are linked to resting frontal gamma power across the first 3 years.
Behavioural Brain Research, 2008. 195(2): p. 215-222.
Gou, Z., Choudhury, N., and Benasich, A.A., Resting frontal gamma power at 16,
24 and 36 months predicts individual differences in language and cognition at 4
and 5 years. Behavioural Brain Research, 2011. 220(2): p. 263-270.
Noble, K.G., Houston, S.M., Kan, E., and Sowell, E.R., Neural correlates of
socioeconomic status in the developing human brain. Developmental Science,
2012. 15(4): p. 516-527.
Hart, B. and Risley, T., Meaningful Differences in the Everyday Experience of
Young American Children. 1995, Baltimore, MD: Brookes.
Kuhl, P.K., Brain Mechanisms in Early Language Acquisition. Neuron, 2010. 67(5):
p. 713-727.
Kuhl, P.K., Is speech learning 'gated' by the social brain? Developmental Science,
2007. 10(1): p. 110-20.
Hanson, J.L., Chandra, A., Wolfe, B.L., and Pollak, S.D., Association between
income and the hippocampus. PLoS ONE, 2011. 6(5): p. e18712.
Jednoróg, K., Altarelli, I., Monzalvo, K., Fluss, J., Dubois, J., Billard, C., DehaeneLambertz, G., and Ramus, F., The influence of socioeconomic status on children’s
brain structure. PLoS ONE, 2012. 7(8): p. e42486.
Noble, K.G., Grieve, S.M., Korgaonkar, M.S., Engelhardt, L.E., Griffith, E.Y.,
Williams, L.M., and Brickman, A.M., Hippocampal volume varies with educational
attainment across the life-span. Frontiers in Human Neuroscience, 2012.
6(Article 307).
Staff, R.T., Murray, A.D., Ahearn, T.S., Mustafa, N., Fox, H.C., and Whalley, L.J.,
Childhood socioeconomic status and adult brain size: Childhood socioeconomic
status influences adult hippocampal size. Annals of Neurology, 2012. 71(5): p.
653-660.
Champagne, D.L., Bagot, R.C., van Hasselt, F., Ramakers, G., Meaney, M.J., de
Kloet, E.R., Jo, x00Eb, ls, M., and Krugers, H., Maternal care and hippocampal
plasticity: Evidence for experience-dependent structural plasticity, altered
synaptic functioning, and differential responsiveness to glucocorticoids and
stress. Journal of Neuroscience, 2008. 28(23): p. 6037-45.
Tottenham, N. and Sheridan, M., A review of adversity, the amygdala, and the
hippocampus: A consideration of developmental timing. Frontiers in Human
Neuroscience, 2010. 3: p. 1-18.
McEwen, B.S. and Gianaros, P.J., Central role of the brain in stress and
adaptation: Links to socioeconomic status, health, and disease. Annals of the
New York Academy of Sciences, 2010. 1186(1): p. 190-222.
Buss, C., Lord, C., Wadiwalla, M., Hellhammer, D.H., Lupien, S.J., Meaney, M.J.,
and Pruessner, J.C., Maternal care modulates the relationship between prenatal
risk and hippocampal volume in women but not in men. Journal of Neuroscience,
2007. 27(10): p. 2592-2595.
11

Cerebrum, May 2014

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Mezzacappa, E., Alerting, orienting, and executive attention: Developmental
properties and sociodemographic correlates in an epidemiological sample of
young, urban children. Child Development, 2004. 75(5): p. 1373-86.
Blair, C. and Raver, C.C., Child development in the context of adversity:
Experiential canalization of brain and behavior. American Psychologist, 2012.
67(4): p. 309-318.
Raver, C.C., Emotions matter: Making the case for the role of young children's
emotional development for early school readiness. 2002, Harris School of Public
Policy Studies, University of Chicago, Working Papers.
Raver, C.C., Garner, P.W., and Smith-Donald, R., The roles of emotion regulation
and emotion knowledge for children's academic readiness: Are the links causal?,
in School Readiness and the Transition to Kindergarten in the Era of
Accountability. 2007, Paul H. Brookes Publishing: Baltimore, MD. p. 121-147.
Noble, K.G., Korgaonkar, M.S., Grieve, S.M., and Brickman, A.M., Higher
Education is an Age-Independent Predictor of White Matter Integrity and
Cognitive Control in Late Adolescence. Developmental Science, 2013.
Gianaros, P.J., Horenstein, J.A., Cohen, S., Matthews, K.A., Brown, S.M., Flory,
J.D., Critchley, H.D., Manuck, S.B., and Hariri, A.R., Perigenual anterior cingulate
morphology covaries with perceived social standing. Social Cognitive & Affective
Neuroscience, 2007. 2(3): p. 161-73.
Lawson, G.M., Duda, J.T., Avants, B.B., Wu, J., and Farah, M.J., Associations
between children's socioeconomic status and prefrontal cortical thickness.
Developmental Science, 2013: p. n/a-n/a.
Luby, J., Belden, A., Botteron, K., Marrus, N., Harms, M.P., Babb, C., Nishino, T.,
and Barch, D., The Effects of Poverty on Childhood Brain Development: The
Mediating Effect of Caregiving and Stressful Life Events. JAMA Pediatr, 2013.
Kim, P., Evans, G.W., Angstadt, M., Ho, S.S., Sripada, C.S., Swain, J.E., Liberzon, I.,
and Phan, K.L., Effects of childhood poverty and chronic stress on emotion
regulatory brain function in adulthood. Proceedings of the National Academy of
Sciences of the United States of America, 2013. 110(46): p. 18442-7.
Stevens, C., Lauinger, B., and Neville, H., Differences in the neural mechanisms of
selective attention in children from different socioeconomic backgrounds: An
event-related brain potential study. Developmental Science, 2009. 12(4): p. 63446.
Gee, D.G., Gabard-Durnam, L.J., Flannery, J., Goff, B., Humphreys, K.L., Telzer,
E.H., Hare, T.A., Bookheimer, S.Y., and Tottenham, N., Early developmental
emergence of human amygdala–prefrontal connectivity after maternal
deprivation. Proceedings of the National Academy of Sciences, 2013. 110(39): p.
15638-15643.
Blair, C., Granger, D.A., Willoughby, M., Mills-Koonce, R., Cox, M., Greenberg,
M.T., Kivlighan, K.T., Fortunato, C.K., and the, F.L.P.I., Salivary cortisol mediates
effects of poverty and parenting on executive functions in early childhood. Child
Development, 2011. 82(6): p. 1970-1984.
12

Cerebrum, May 2014

43.

44.

45.

46.

47.

48.
49.

50.

51.

52.

53.

Raver, C.C., Jones, S.M., Li-Grining, C., Zhai, F., Bub, K., and Pressler, E., CSRP’s
impact on low-income preschoolers’ preacademic skills: Self-regulation as a
mediating mechanism. Child Development, 2011. 82(1): p. 362-378.
Weiland, C. and Yoshikawa, H., Impacts of a prekindergarten program on
children's mathematics, language, literacy, executive function, and emotional
skills. Child Development, 2013: p. ePub ahead of print.
Kalil, A., Ryan, R., and Corey, M., Diverging destinies: maternal education and the
developmental gradient in time with children. Demography, 2012. 49(4): p. 136183.
Muennig, P., Schweinhart, L., Montie, J., and Neidell, M., Effects of a
prekindergarten educational intervention on adult health: 37-year follow-up
results of a randomized controlled trial. Journal Information, 2009. 99(8).
Campbell, F., Conti, G., Heckman, J.J., Moon, S.H., Pinto, R., Pungello, E., and Pan,
Y., Early childhood investments substantially boost adult health. Science, 2014.
343(6178): p. 1478-85.
Waldfogel, J. and Washbrook, E., Early Years Policy. Child Development
Research, 2011. 2011.
Fernald, A. How Talking to Children Nurtures Language Development Across SES
and Culture. in American Association for the Advancement of Science. 2014.
Chicago.
Kitzman, H.J., Olds, D.L., Cole, R.E., Hanks, C.A., Anson, E.A., Arcoleo, K.J., Luckey,
D.W., Knudtson, M.D., Henderson, C.R., and Holmberg, J.R., Enduring effects of
prenatal and infancy home visiting by nurses on children: follow-up of a
randomized trial among children at age 12 years. Archives of Pediatrics &
Adolescent Medicine, 2010. 164(5): p. 412-418.
Furstenberg, F.F., The Challenges of Finding Causal Links Between Family
Educational Practices and Schooling Outcomes., in Whither Opportunity?: Rising
Inequality, Schools, and Children's Life Chances, G.J. Duncan and R.J. Murnane,
Editors. 2011, Russell Sage Foundation: New York. p. 465-482.
Dahl, G.B. and Lochner, L., The impact of family income on child achievement:
Evidence from the earned income tax credit. The American Economic Review,
2012. 102(5): p. 1927-1956.
Ziol-Guest, K.M., Duncan, G.J., Kalil, A., and Boyce, W.T., Early childhood poverty,
immune-mediated disease processes, and adult productivity. Proceedings of the
National Academy of Sciences, 2012. 109(Supplement 2): p. 17289-17293.

13

