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Protecting Brains, Not Simply

Stimulating Minds

Jack P. Shonkoff

Curricular enhancementsin early childhood education that are guided by the science of Learning must
be augmented by protectiveintewentionsinformed by the biology of adversity. The same neuroplasticity
that leaves emotional regulation, behavioraladaptation, and executive functioning skills vulnerable to
early disruption by stressful environments also enables their successful development through focused
interventions during sensitive periodsin their maturation. The early childhood field should therefore
combine cognitive-tinguistic enrichment with greater attention to preventing, reducing, or mitigating the
consequences of significant adversity on the developing brain. Guided by this enhancedtheory of change,

scientists, practitioners, and policy-makers must work

together to design, implement, and evaluate

innovativestraeg es to produce substantiallygreater impacts than those achieved by existing programs.

dvances in neuroscience, molecular bi-

ology, epigenetics, and thebehaviord ad

sdd sciencesindicate that the founda:
tionsof educat i onal achievement, lifdong hedlth,
economic productivity, and responsble citizen-
ship areformed eatly inlife. Based on thisknowl-
edge, early childhood policy and practice are
grounded in agrowing understanding of the ex-
tent to which early experiencesar e incorporated
mto the developing brain, for bstter or for worse
(). An environment of gable, gimulaing, and
protective relationships builds a strong founda-
tionfor alifetimeof effective leaning. In contrast,
when young childrenar e burdened by significant
adverdty, stress response systems are overacti-
vated, maturing brain circuits can be impaired,
metabolicregulatory systems and developing or-
gans can be disrupted, and the probabilities
increasefor long-term problemsin leaming, be-
havior, and physical and mental hedlth (2).

An Enhanced Theory of Change

Most programs for children in disadvantaged

circumstances (typicaly defined by low family

income and limited parent education) combine
enriched leamning experiencesfor the childrenand
parenting education for mothers. Over four dec-

ades of evauationresearch have generatedample
evidenceof the benefits of such interventions, but
the magnitudeof impect istypicaly modest (3).
As promising new preschool curricula focuson

teachingscience (4), numeracy (5), and executive
functionskills (e.g., focused attentionand inpulse

control){6), advances in neurcbiology suggestthat
socioeconomicti Spariti esin educational achieve-
ment could be reduced more effectively by |irk

ing high-quality pedagogy to interventionsthat
prevent, reduce, or mitigatethe disruptiveeffects
of toxicstress on the developing brain.
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There is extensive evidence that significant
adversty can |ead to excessiveactivation of st ress
responsesystems (including persistently devated
stress hormones such as cortisol)thet can disrupt
the developing brain (7). When children expe-
rience recurrent threat, fear conditioning affects
developing circuits in the amygdalaand hip-
pocampus, which can leed to anxiety that im-
pairslearning(8). This"fear learning' can begin
ealy in infancy, wheress' & unlearning” re-
quires further development of the prefrontal cor-
tex (PFC) later m childhood (9). In confrast to the
relatively early maturation of the amygddaand
hippocampus, therangeof executive functionand
self-regulation skills mediated by the PFC de-
velopswell intoadulthood. Asthe foundations of
these skills emerge in the infant-toddler period,
socid dlass differences in the development and
function of the PFC begin to gppeer (10). Be-
cause t hese higher-level neural circuits have ex-
tensveinterconnections with deeper structures in
the amygddaand hippocatmpus that control sim-

ple memory formation and responses
executive function skills both influence
affected by ayoung child's managementc
emoations. Thus, early and repeated exp:
adversity can leed to emotiond problems
ascompromised working memory, cognit
fbility, and inhibitory contral.

Young children who experience the
of multiple economic and socid stressc
preschool with higher raes of emotior
culties rdated to fear and anxiety, disrug
haviors, imparmentsin executive func
self-regulation, and a range of difficulties
tized as behavior problems, leaming dis
attention deficit hyperactivity disorder (
or mentd hedlth problems (11). Vulners
dren who do well in school often ha
developed capacities in executive func
emotiona regulation, which help them
adversity more effectively and provide
foundation for academic achievementa
competence (12). Evidence thet execut
tion and sdif-regulation predict literacy
meracy Skills underscores the sdience
capacities for targeted intervention (J:
teachers d SO contend that competence
domains is more important & school e
knowledgeof lettersand numbers (14). *
neuroplasticity that leaves these capac
nerable to early disruption d SO enables
cilitation during sensitive developrment:
(15). Forexample, responsivecaregiving
shown to be a potent buffer for prim
“vulnerability genes” that affect stress
regulation (16), as wdl asfor humantod
are biologicdly predisposed to bemore
anxious than typicaly developing chili

A Mew Intervention Agenda

If early childnood policy and practic:
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\es 10 sir
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of toxic stress, then scientists, practitioners, and
policy-makerscould work together to designand
test cregtive new interventionsthat combine both
cognitive-linguitic stimulation with protectivein-
teractionsthat mitigate the harmful effects of
significant adversity, beginning as early as pos-
sible and continuing throughout preschool. For
thi s two-pronged approach to succeed, new strat-
egies will be needed to strengthen the cgpacities
of parents and providers of early care and edu-
cation (beyond the provision of additiond infor-

mationand support s) to helpyoung childrencops
with stress. To that end, three chalenges are
worthy of thoughtful exploration.

First, athough pre-K programs for 4 year
@EE-present an important step forward in ex-
panding learning opportunities before ki nder-

age 4 cannot be characterized as "early”
with respect to brain development For children
m adverseenvironments, four years of inaction in
the face of repeated threets to developing brain
architecture are difficult to judify.

Second, although the influence of the home
environment on school readiness and later aca
demic achievementis weli-documented (1), con-
ventional parenting education and family support
programsthat simply provideinformation and
advice have limited impact on the development
of young children experiencing considerable stress
(18). Alternatively, advancesin neurosciencesug-
gest that interventions thet services that enhance
the menta hedlth, executive function skills, and
sdf-regulation cagpacities of vulnerable mothers,
beginning as early as pregnancy, suggest promis-
i ng strategies to protect the developingbrains of
their children. Such servicesare likely to be par-
ticularly importart for parents with histories of
early adversty, later schodl difficulties and nin
imal workforce experience, who have not had
ampleopportunitiesto devel op theorganizational
skills needed to create a well-regulated caregiv-
ing environment that helps young children de-
veop their own adaptive capacities. To thisend,
athough interventions have been shown to im-
proveexecutivefunction skillsm college students
with ADHD (19), efforts to build similar ca-
pabilities to enhance the parenting skills and
stress-buffering capacities of mothers with lim-
itel education constitute unexplored, yet prom-
isng, territory.

Third, athough the cal for more effective
strategies to build parenting capacities is broadly
acoepted, the unmet, skill-building needs of sar-
viceproviders in thesedomainsareacknowledged
less frequently. Although many preschools are
staffed by highly trained professionals, a large

proportion of staff in early care and education
programs have limited education, constrained
work experience, and high rates of depression
(20). Thus, large numbersof vulnerable children
and highly stressed staff are engaged in dysregu-
lated interactions on a daily basis that compro-
mise early learning and undermine the ability
to manage routine chdlenges and normative life
dresses(12). Other indicators Of unmet staff train-
ing needsinclude complaints about highrates of
problematicchild behaviors (14), increasing anti-
psychatic drug prescriptions for childrenasyoung
as age3(21), andlarge numbsers of childrenbeing
expdled from preschool programs (22). These
signs of impending staff burnout underscore the
need for expanded professiona development
activitiesto strengthen emationd hedth and ex-
ecutivefunction skills and salf-regul ationcapaci-
ties of early childhood service providers.

The cdl for interventionsthat build adult ca-
pecitiesto prevent or reduce disuptionsin devel -
oping brain circuitry in young children, above
and beyond providing rich learning experiences,
raisssmulltiplequestionsfor early childhood edu-
cation. How does this new paradigm influence
thinking about the developmentd requirements
for successful learning and our understanding
of how to get aderailed process back on track?
Which remote risk factors (e.g., toxic stress in
infancy) and more proximal impediments (e.g.,
chaotic homeor child care settings) are amenable
to practical intervention?How much can weim-
prove leaming outcomes in young children by
strengthening the mental hedlth and executive
function and self-regulatory skills of parentsand
program staff? How can responsibility for build-
ing a strong foundation for school success be
better shared among education, hedth, and hu-
man servicessystems?

The cdl for greater attention to building
the stress-buffering capacities of parents and
providers of early care and education as a prom-
igng strategy to promote effective early leaming
isrelatively new. Thechallengeof promotingcol-
laboration across disciplines and service sectors
is not Neuroscientists who study theimedt of
adversity on the PFC have limited interaction
with psychologistswhosst udy executivefunction
m children or adultswho live mdi sor gani zed en-
vironments. Nether gr oup engages regularly with
educators who work with chi | dren who exhibit
problemsin emationa stability or self-regulation
nor with policy-makerswho makedecisions about
dlocating resources to education, hedth care,
and human services thatintead separately with
the same children and families. A shared under-
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ganding of thecommon scientificfoundationsof
learning, behavior, and both physicd and mentdl
hedth offers a compelling strategy for bresking
down enduring barriers (2).

Pers stentsocioeconomic gaps mschool readi-
ness and academic achievement as well as the
vaiable effectiveness of exiging interventions,
demand fresh thinking. The formulation of cre-

ative srategies to strengthen the organizational,
sdf-regulatory, and mentd hedlth cgedties of
the adult caregivers and teacherswho congtitute
the environment of relationships in whichyoung
brains develop could offer new pathwaystoward

potentialy greater impactson aerly learning. The
extent to which scientific advances offer new
insightsto guideinnovative policiesand practi ces
has never bean greater (23). Theneed for amore
balanced and integrated gpproach to both enrich-
ment and protection for the developing brain has
never been more compelling.

References

1. S. E Fox, P. Levitt, C. A Nelson 3rd. Child Dev. 81,
28 (2010).

2. 1. P. Shonkoff, Child Dev. 81. 357 (2010).

3. L Karoly, M. Kilburn, ]. Cannon, Early Childhood
Interventions: Proven Results, Future Promise (RAND
Carp., Santa Monica, CA, 2005).

4. R Gelman, K. Brenneman, G. MacDonald, M. Roman,
Preschool Pathways to Science (Brookes Publishing,
Baltimore, 2009).

5. D. Clements, ]. Sarama, |. Res. Math. Educ. 38, 136
(2007).

6. A Diamond, W. 5. Barnett, ]. Thomas, S. Munre, Science
318, 1387 (2007).

7. 5. 1. Lupien, B. 5. McEwen, M. R. Gunnar, C. Heim,

Nat, Rev. Neurosdi, 10, 434 (2009).

8. D. S. Pine, Biol. Psychiatry 46,1555 (1999).

9. F. Sotres-Bayon, D. E Bush. J. E LeDoux, Learn. Mem.
11, 525 (2004).

10. J. R Bedt, P H. Miller. Child Dev. 81, 1641 (2010).

11. ]. Shonkoff, D. Phillips, Eds., From Neurons to
Neighborhoods (National Academy Press, Washington,
DC, 2000).

12. € C Raver, Child Dev. 75, 346 {2004).

13. C C Raver et al., Child Dev. 82, 362 (2011).

14. S. Rimm-Kaufman, R. Pianta, M. Cox, Early Child. Res. Q.
15, 147 (2000).

15. M. M. Loman, M. R. Gunnar. Neurasdi, Biobehav. Rev. 34,
867 (2010).

16. C S. Bon et al,, Arch. Gen. Psychiatry 61. 1146 (2004),

17. M. Nachmias, M. Gunnar, S. Mangelsdorf, R. H. Parritz,
K. Buss, Child Dev. 67, 508 (1996).

18. ). Astuto, L Allen, Soc. Policy Rep. 23, 3 (2009).

19. D. Parker, K. Boutetle, Learn. Disabil. Res. Pract. 24, 204
(2009).

20. B. Hamre, R. Pianta, Early Child. Res. Q. 19, 297 (2004).

21. | .Oflfson, 5. Crystal, C Huang, T. Gerhard, 1.Am Acad.
Child Adelesc. Psychiatry 49, 13 (2010).

22. W. Gilliam, G Shahar, Infants Young Child. 19, 228
(2006).

23. 1. P. Shonkoff, P. Levitt, Neuron 67, 689 (2010).

10.1126/science.1206014

www.sciencernag.org SCIENCE VOL 333 19 AUGUST 2011

983




