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•  Children's makes no representations or warranties about the accuracy, reliability, or 
completeness of the content. Content is provided "as is" and is for informational use only. It 
is not a substitute for professional medical advice, diagnosis, or treatment. Children’s 
disclaims all warranties, express or implied, statutory or otherwise, including without 
limitation the implied warranties of merchantability, non-infringement of third parties’ rights, 
and fitness for a particular purpose.  

•  This content was developed for use in Children’s patient care environment and may not be 
suitable for use in other patient care environments. Children’s does not endorse, certify, or 
assess third parties’ competency. You hold all responsibility for your use or nonuse of the 
content. Children’s shall not be liable for claims, losses, or damages arising from or related 
to any use or misuse of the content. 

•  This content and its related discussions are privileged and confidential under Minnesota’s 
peer review statute (Minn. Stat. § 145.61 et. seq.). Do not disclose unless appropriately 
authorized. Notwithstanding the foregoing, content may be subject to copyright or 
trademark law; use of such information requires Children’s permission. 

•  This content may include patient protected health information.  You agree to comply with 
all applicable state and federal laws protecting patient privacy and security including the 
Minnesota Health Records Act and the Health Insurance Portability and Accountability Act 
and its implementing regulations as amended from time to time.   

•  Please ask if you have any questions about these disclaimers and/or confidentiality 
protections. 

Children’s Disclaimers and 
Confidentiality Protections 
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• 1) Review recent, relevant findings from 
developmental neuroscience. 

• 2) Describe effects of "toxic stress" in early childhood 
on social, emotional, and educational functioning 
later in life. 

• 3) Define the importance of matching intervention 
efforts to early critical periods. 

Presentation objectives 
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• Qualitative change 
and transformation 

• Development is 
directional, 
cumulative, and 
coherent 

•   Developmental  
! Trajectory 
! Salience 
! Domains 

Newborn 

18 Mo. 

5  YO 

8 YO 

General development principles 
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Developmental tasks and issues 
Ages 0-3: 
•  Physiological regulation 
•  Neurological blooming, 

pruning, and 
integrating 

•  Trust / Mistrust 
•  Attachment 

relationship 
•  Secure base able to 

explore 
•  Internalize controls 
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Cognitive  

Emotional  

Physical  

Social  
Attachment 

Developmental Domains 
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Neuro-development 
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Human brain development 
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• A multidisciplinary clinical science; 
• Integrating neuroscience, molecular biology, 

genomics, developmental psychology, and 
other relevant disciplines; 

• To better understand the developing 
neurobehavioral system;  

• As well as the interaction between the 
developing brain and the physical and social 
context within which that development 
occurs 

What Do We Mean by 
“Neurodevelopment” 



4/22/15 

4 

10 | © 2015 

• Neuroscience 
− Early brain development impacts learning, 

behavior, & health for a lifetime 

• Epigenetics 
− Environmental factors including prenatal stress, 

nutrition, quality of caregiving, & enrichment can 
alter genetic expression 

• Adverse Childhood Experiences (ACEs) 
− Toxic stress disrupts healthy brain development 

• Resilience 
− The science of resilience informs how we intervene 

‘NEAR’ Science 
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• Experience dependent neuronal development 
• Brain plasticity: ability to alter function in response to 

experience. 
•  Inhibitory circuits orchestrate brain plasticity. 
• Critical period timing is itself plastic. 
• “First thousand days” 
• The social brain “gates” all learning 
• Language development examples 

Brain plasticity & critical period 
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• Significant adversity early in life can 
compromise ability to modulate stress 
reactivity throughout life. 

• Effective, consistent, and responsive 
caregiving buffers the effects of stress. 

Toxic Stress (allostatic load) 
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Defining toxic stress 
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Healthy Brain Development 

 Positive or 
Tolerable 

Stress 

Normal OFC & 
Amygdala 

Inhibition 
Emotional 

Control 

Normal 
Hippocampus 

Intact Learning 

Normal PFC 

Metacognition 

Shonkoff J P et al. Pediatrics 2012;129:e232-e246 
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Chronically 
High Stress 
Hormones 

Overgrowth/ 
activation of 

Amygdala/OFC 

Increased 
Anxiety 

Smaller 
Hippocampus/ 
Fewer Synapses 

Memory Deficits 
Less Mood 

Control 

Smaller PFC 
with Fewer 
Synapses 

Decreased Top-
Down Control 

Toxic Stress in the Brain 

Shonkoff J P et al. Pediatrics 2012;129:e232-e246 
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• Self control of thought, emotions, & 
behavior in order to pursue goals 

• Behavioral and Emotional Regulation 
− Inhibition, emotional control, flexibility 

• Metacognitive Skills 
− Working memory, planning, organization 

Executive Function:  
A Final Common Pathway 
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• Large, distributed frontoparietal and 
frontostriatal networks  

• Long, protracted course of development 

• Associated with a wide range of medical 
conditions and neuropsychiatric disorders 

Why is EF Important in 
Developmental  Neuroscience?  
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When Do Executive Function  
Skills Develop?  

Developmental course of Executive Functioning 
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Executive Function –  
Skills for Life & Learning 

• https://www.youtube.com/watch?
v=efCq_vHUMqs&feature=player_embedded 

• http://developingchild.harvard.edu/resources/
multimedia/videos/inbrief_series/
inbrief_executive_function/ 
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Gene-Environment Interdependence 

Probabilistic Epigenetics   
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Environment, genes and generations 

Maternal depression & epigenetic inheritance in humans 

Elevated levels 
of stress 

hormones at 3 
months 

Depressed 
mood during 
3rd trimester 

Epigenetic 
changes to GR 
receptor gene 
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The dandelion and the orchid 
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• Surveillance, screening, and assessment for children 
whose developing brains are at risk due to: 
− Genetic conditions 
−  Pre/perinatal complications 
−  Brain tumors 
− Neurotoxic stress 

• Facilitate and provide interventions for the child and 
enhance support in the child’s environment through: 
−  Therapy 
−  Education 
− Mobilization of community resources 

Role of  
Neurodevelopmental Services 
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• Children’s Neuroscience Program: developing a 
coordinated, multidisciplinary approach to early 
surveillance, screening, and assessment of children 
who are at neurodevelopmental risk.  

• Early detection and diagnosis to connect children 
and families to interventions that can prevent or 
mitigate long-term problems with brain function and 
behavior.  

Assessment and Intervention 
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• Prospective monitoring of early social and language 
development in children with increased risk of autism 
spectrum disorder 

• Assessing health of early caregiving relationships in 
addition to the infant’s health to determine whether 
early, preventive parent education or intervention 
may be needed 

• Assess the presence of social supports to guide 
referrals to community programs (e.g., Help Me 
Grow, county services) as appropriate 

• Prospective monitoring of psychiatric symptoms & 
environmental stress in individuals with 22q11.2 
deletion syndrome 

Examples of developmentally  
guided monitoring & intervention  
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• First Thousand Days 

• Thirty Million Words® Initiative 

• The Attachment and Biobehavioral 
Catch-up Intervention Model  

Matching intervention efforts to early 
critical periods (examples) 
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School Assessment Flow Chart 

Referral to child 
study team 

Various evaluations 
by different  
evaluators 

Team 
presents results  

to parents 

Re-assessed  
every three years 

Sorry 

IEP written Eligible? 

No 

Yes 

Option to get  
2nd opinion 
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Typical School-Based Assessment 

•  Overall level of cognitive functioning (IQ) 

•  Academic achievement (read, write, calculate) 

•  Observations, ratings 

•  Sometimes: communication, motor, behavior 
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Advantages of School 
Assessment 
• Free 

• Completed at school (no absence or parent 
time off from work) 

• Completed in multiple, short visits 

• Assessed by the individuals who will write 
and implement the goals in the IEP 
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Disadvantages of School 
Assessment 
• Privacy issues (parents cannot decide NOT to share 
results) 

• May be constrained by budget, personnel issues 
• No “one” person to integrate various findings 
• Cannot diagnose AD/HD or other mental health 
disorder (e.g., ODD, Depression, Autism) 
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Clinic-based (Neuropsych) Assessment  
Flow Chart 

Referral to  
Psych/Neuro- 

psych 

Various evaluations 
by one or multiple  

evaluators 

Integration of 
child’s strengths 

& weaknesses 

Input to school 

Recommendations  
& Resources 

Recommendations 
& Resources 

Diagnosis 
Given? 

No 

Yes 
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Typical Clinic-Based Assessment 
(neuropsych / psych evals) 

• Overall level of cognitive functioning (IQ) 
•  Academic achievement (read, write, calculate) 
•  Behavior, mood, personality traits 
•  Language (comprehension & expression)   
•  Visual-spatial and visual-motor abilities 
•  Attention (focus, sustain, select, shift)  
• Memory (new learning, recall, recognition) 
•  Cognitive flexibility vs. rigidity/perseveration 
•  Reasoning/Problem Solving 
•  Sensorimotor (tactile perception, dexterity) 
•  Social-Emotional Perception/Judgment 
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Task Variables: 
What makes it easy or hard to do? 

•  Modality of Input (e.g., showing vs. telling) 
•  Modality of Output (e.g., point vs. reply) 
•  Content vs. Process (e.g., “story problems”) 
•  Perceptual vs. Constructional (e.g., copying) 
•  Verbal vs. Nonverbal (e.g., picture memory) 
•  Time Constraints (speed vs. accuracy) 
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Advantages of Clinic-Based 
Assessment 
• Assessment is independent of school budget 

issues, politics, or state guidelines 
• Familiarity with broader range of problems and 

complexity 
• Often research-/best practices-based 
• Result in better integration of strengths and 

weaknesses 
• More comprehensive recommendations 
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Types of Recommendations 
• Medical Follow-up or Evaluations 
• Educational Interventions (504, IEP, 

tutoring) 
• Rehabilitation Therapy Interventions 

(OT, PT, Speech, Biofeedback, Pain 
Management) 

• Individual, Group, or Family Counseling or 
Psychotherapy, or Patient Support 
Groups 

• Information Resources:  PACER, Books, 
Video, Internet, Community resources 
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Disadvantages of Medical-Based 
Assessment 
• Time off from school / work 
• Insurance coverage issues 
• Fewer opportunities to see range of behaviors 
• Often no opportunity to view child in the school 

setting or with peers 
• An “outsider” giving recommendations to school 
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Website Resources 
• PACER www.pacer.org 
• MN Statute: 

http://www.revisor.leg.state.mn.us/arule/3525/ 
• Wright’s law http://www.wrightslaw.com/articles.htm 
• Information about IEPs at www.reedmartin.com 
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Resilience and protective factors  
• Resilience – adaptation 

despite adversity 

• Protective factors 
individual, family, social 
characteristics 
associated with positive 
adaptation 

• Community of care 
giving 
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Children’s Physician Access  
24/7 assistance: referrals, consultations, admissions 

612-343-2121  
866-755-2121 
.................................................... 
childrensMN.org/healthprofessionals 

Easy online access to: 
• Remote EMR 
• Ask a Children’s specialist 
• Grand rounds/CME  
• Conference registration 
• Patient education materials 
• Latest news 


