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Our Default Thoughts 

•Sensory systems require experience (activity) to develop – 1960s 

 

•Motor systems require experience (activity) to develop – 1970s 

 

•Cognitive systems require experience (activity) to develop – 1980s 

 

•Social-emotional systems require experience (activity) to develop – 

1990s 

 

•Reward/motivation systems require experience to develop - ???? 



Our Default Thoughts 

The Divisions are Artificial 



Our Default Thoughts 

Where we have been…… 



Our Default Thoughts Regarding 

Reward Systems 



Thompson, Levitt and Stanwood, Nat Rev Neurosci 2009 

Our Default Thoughts Regarding 

Reward Systems 



Orderly Assembly of Brain Architecture – 

Including Reward Systems 

Thompson, Levitt and Stanwood, Nat Rev Neurosci 2009 



The “Reward” Neuromodulator 



Prenatal Exposure to Cocaine – Alters Effective Concentration to Obtain 

the Reinforcing Properties of Cocaine in Adult Offspring 

Thompson, Stanwood & Levitt, unpublished 
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Non-Drug Factors in Early Development Also 

Can Alter These Systems – And Create 

Vulnerability For A Lifetime 



Early Childhood Stress Influences 

Developmental Outcomes 

Source: Finkelhor et al. (2005) 

U.S. Children Ages 2-5  
(per 1,000) 

Maltreatment Postpartum Depression 

Sources of Toxic Stress in Young Children  
 130 

98 

Parental Substance Abuse 

Source: SAMHSA (2002) Source: O-Hara & Swain (1996) 

75 



Risk Factors for Adult Substance Abuse are Embedded in 
Adverse Childhood Experiences (ACEs) 
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Schilling et al, BMC Public Health 7 (2007) 



Early Neglect – Enhanced Drug-

Seeking as Adults 

Zhang et al Psychopharmacology, 2005 



•Brain chemicals – neurotransmitters – participate 

in the process of building brain architecture 

 

•Genes and Environment tune these chemicals 

during development 

 

•The neurotransmitters (i.e. DA), now tuned poorly, 

will have long-term impact on brain function – 

particularly related to the systems in which they 

serve important roles. 

Early Vulnerability 



The cognitive, motivational (reward) 

and social-emotional links occur early 

in development, and the healthy 

development of these systems matter 

for long-term outcomes. 

Concept 



The Brain Architecture of  
Emotions 



The Brain Architecture of  
Memory and Learning 





•Building healthy architecture in these 

systems depends on a combination of 

factors – genes and environmental 

 

•These systems are built over time  

Concept 



Neural Circuits are Wired in a  
Bottom-Up Sequence  

 

FIRST YEAR 

-8 -7 -6 -5 -4 -3 -2 -1  1 2 3 4 5 6 7 8 9 10 11 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19  

Birth (Months) (Years) 

Sensory Pathways 
(Vision, Hearing) 

Language 
Higher Cognitive Function 

Source: C.A. Nelson (2000)  



Source: Chang & Merzenich (2003) 

Extreme Early Experiences Can Dramatically Disrupt 
How Senses Form 

16 days 50 days 
50 days: exposed 
to early noise 



Interaction as Serve and Return 

• Healthy development of brain architecture depends a lot on a kind 
of interaction experts call Serve and Return, based on an analogy 
from games like tennis and volleyball.  

 

• Serve and Return happens when young children instinctively 
reach out for interaction, through babbling, facial expressions, 
words, gestures, cries, etc. and adults respond by getting in sync 
and doing the same kind of babbling, gesturing, and so forth.  

 

• Serve and Return is that it works best with adults who are 
familiar to the child, like familiar partners.  

 

• Effects on everything from the chemicals in the brain to physical 
structures and connections there.  

 



Experiences in childhood have a  

lasting impact on how our  

brain systems work 

homeostasis 

A balancing act 

New homeostatic  
‘set point’ 

early positive experiences 



Experiences in childhood have a  

lasting impact on how our  

brain systems work 

homeostasis 

A balancing act 

New homeostatic  
‘set point’ 

early negative experiences 



Early Childhood Adversity Can Influence  

a Range of Lifelong Outcomes 

Research on the developmental 

biology of stress (developmental 

allostasis) helps explain some of the 

underlying reasons for differences in 

learning, behavior, and high risk for 

physical (cancer, cardio, diabetes), 

and mental health disorders. 



Like Sensory and Stress-Response 

Systems, Our Reward Systems Are 

Tuned During Development 



+ 

time 

„Toxic‟ Stress Is Interpreted As Aversive 

> P10 



+ 

time 

Early „Toxic‟ Stress Can Be Interpreted As Rewarding 

Birth – P10 



Early Stress Response – Reveals 

Hyporesponsive Period 

Barr et al, Nat Neurosci, 2009 



At Early Ages, Dopamine Controls Aversive 

or Rewarding Properties of Stressors  

Barr et al, Nat Neurosci, 2009 

So dopamine sets the timing of 

assigning „reward‟ or „aversion‟ to 

experiences  

(<P10) 



“Social Defeat”, Dopamine and Reward Systems 

Feder et al Nat Rev Neurosci 2009 

Key „reward‟ pathway 

XXX 

DA 

( 5 min bouts of aggression w/o physical injury) 



resilient adaptation 

“Social Defeat”, Dopamine and Reward Systems 

Low capacity for adaptation 

Disrupting 

changes 

Feder et al Nat Rev Neurosci 2009 



“Social Defeat” – Low Capacity for Adaptation = 

Mental Health Issues 

Low capacity for adaptation 

Feder et al Nat Rev Neurosci 2009 

•Social aversion 

 

•Depression 

 

•Anxiety Disorders 



Toxic Stress (high foraging) Reduces Brain 

Size and Abilities to Connect Motivation, 

Reward and Cognition 

Lyons and Schatzberg, Neurobiol Learning Mem, 2003 



Lyons and Schatzberg, Neurobiol Learning Mem, 2003 

Greater Abilities to Connect Motivation, 

Reward and Cognition – Larger Frontal Area 

of Intermittent Group 



Experience Affects Stress Response for a Lifetime! 

Stress Response 

Restraint Time Source: Meaney et al. (200?) 



The links between cognitive, social-

emotional and reward systems 

occur early in development, and the 

healthy development of these 

systems matter for long-term 

outcomes. 

Concept 



How is the influence of early 
experience maintained for a lifetime? 

In part, through ‘epigenetics’….. 
and it’s is really powerful 





Maternal diet 
supplements during 
pregnancy causes 
shift in offspring’s  
fur color,  
reduced obesity  
and cancer risk  
in genetically 
identical mice. 

Early Experiences Can Transmit 
Across Generations 

Source: Jirtle & Skinner (2007)  
choline/folate 



How Experience Influences Genes 

Stress Response 

Restraint Time Source: Meaney et al. (2005) 

Glucocorticoid receptor gene 

CH3 
CH3 CH3 

CH3 



The Epigenetic Changes also Occur in Humans 

McGowan et al, Nature Neurosci 2009 



Fate 

Free will 

Parents 

Genes 

Environment 

Black 

Box 

Successful 

child 

Unsuccessful 

child 

Policy Implications:  Child 

Development is not a Black Box 



Interactions (+/-) 

(serve & return) 

Brain Architecture 

Emotional 

Development 

Social 

Development 

Cognitive 

Development 

A Central Message for Policy Makers 

Reward/Motivation 

Development 



 

 Important to development & in the context of 
stable and supportive relationships 

 
 
 

 Potentially disruptive, but buffered by 
supportive relationships & safe environments 
 
 

 
 Disrupts brain architecture, increases the risk 

of stress-related physical and mental illness 

 

Positive 

Tolerable 

Toxic 

Early Childhood Stress Influences 

Developmental Outcomes 



Controls Positive “Innoculating” Stress 

Cocaine Dose 

Not All Early Stress Is The Same – Toxic vs 

Positive Stress and the Reward System 

Toxic Stress 

Moffett et al J. Pharm Exp Ther 2006 



Some Final Thoughts 

•All systems require experience to develop 

 

•Patterns of activity (experience), good or bad, 

will impact brain architecture and chemistry 

 

•Cognitive, social-emotional and reward 

systems are interconnected 

 

•There are sensitive periods during which time 

the architecture and chemistry of systems can 

be changed 

 

•The early impact on brain architecture and 

chemistry will have long-lasting consequences 



Some Final Thoughts 

In the context of the reward systems, 

distinguishing between a brain architecture and 

chemistry that reflects motivated, non-

motivated or aversive behavior will be critical in 

designing interventions that work……… 

 

So remember……….. 



Research Informs The Way 
That We Intervene 

Thank You! 


