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The brain in action
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Adolescent Brain Development
& Some Strategies to Support it
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Adolescent Neurodevelopment
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ABCDStudy.org
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EXPERIENCES:

- Life experiences

- Social environment

SKILLS:

- Unique biology

- Neurodevelopment
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Adolescence: 
Sensitive Period

“Biological systems 
undergoing rapid 

developmental 
changes are 

especially 
vulnerable to 
disorganizing 
influences.”

Lenroot & Giedd, 2006
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Adolescence: Pruning

Myelination of Neural Circuits During Childhood
and Adolescence

Neuroimaging studies have contributed considerably to our

understanding of the maturational changes in gray and

white matter during normal brain development. White

matter volumes continue to increase through childhood,

adolescence, and adulthood (Bartzokis et al, 2003; Benes

et al, 1994; Courchesne et al, 2000; Giedd et al, 1999;

Matsuzawa et al, 2001; Paus et al, 2001; Sowell et al, 2003a).

The rate of increase in white matter volumes is greatest

during infancy. Growth in this compartment continues at a

slower albeit steady rate through childhood, adolescence,

and adulthood, and peaks in the middle of the fifth decade

of life (Matsuzawa et al, 2001; Paus et al, 2001). DTI studies

show that rates of increase in measures of white matter

organization are greatest before age 10 years (Ashtari et al,

2007; Barnea-Goraly et al, 2005; Ben Bashat et al, 2005;

Giorgio et al, 2008; Huang et al, 2006; Klingberg et al, 1999;

Schmithorst et al, 2002, 2005; Snook et al, 2005). White

matter organization proceeds at different rates among white

matter regions and individual white matter tracts, and

continues well into adulthood.

Cortical Developmental Trajectories in Late
Childhood and Adolescence: Anatomic Imaging
Findings

Consistent with animal, postmortem, and histological data,

large cross-sectional and longitudinal anatomical MRI

studies of the brain suggest that volumes of cortical gray

matter begin to decline in late childhood or adolescence

(Figure 6) (Giedd et al, 1999, 1996a, b; Gogtay et al, 2004;

Jernigan et al, 1991; Lenroot et al, 2007; O’Donnell et al,

2005; Pfefferbaum et al, 1994; Shaw et al, 2008; Sowell et al,

2003a, 2004, 2007; Thompson et al, 2005). Cortical thinning

proceeds in a ‘back-to-front’ direction, and occurs first in

sensorimotor areas, followed by association areas, and lastly

by higher-ordered cortical areas such as superior PFC and

posterior parietal cortex (see http://www.loni .ucla.edu/

~thompson/DEVEL/dynamic.html for time-lapse represen-

tations of cortical thinning).

Local age-related increases in cortical thickness have also

been reported. The thicknesses of perisylvian cortices, in

inferior parietal and posterior temporal areas and particu-

larly in the left hemisphere, seem to increase between

childhood and adulthood (Sowell et al, 1999, 2001, 2003a).

This regional thickening is followed in the fifth decade of

life by a thinning that coincides in time with the period of

slowed thinning of more dorsal cortical regions. Concurrent

with changes in cortical thickness, regional growth that is

believed to represent increases in white matter volumes is

observed in much of the PFC, rostral anterior cingulate

cortex, and temporal poles (Sowell et al, 2003a). Age-related

changes in volumes of subcortical gray matter have also

been reported, with observed decreases in basal ganglia gray

matter (particularly the caudate nucleus) and increases in

medial temporal lobe structures, such as the amygdala and

hippocampus.

These developmental changes in cortical thickness and

brain volumes are consistent with our understanding of the

maturational timing of cognitive functions such as atten-

tion, working memory, cognitive control, and response

inhibition. Further analyses of longitudinal anatomical MRI

findings have uncovered a number of functional correlates

of cortical maturation. One report suggests that the rates of

changes in cortical thickness in regions that subserve

higher-order cognitive functions (such as ventrolateral

prefrontal, superior prefrontal, and posterior parietal

cortices) correlate with measures of intelligence (Shaw

et al, 2006). Other reports suggest that cortical thinning

in motor regions correlate with fine motor skills and that

cortical thickening in left hemispheric language areas

may correlate with phonological processing skills (Lu

et al, 2007; Sowell et al, 2004). Although cortical thinning

is viewed as a reliable marker of maturation, the specific

cognitive correlates of these anatomical changes remain

unclear.

In childhood-onset schizophrenia, cortical maturation

follows a generally normal pattern of thinning, but it

Figure 6. Gray matter maturation across development. Right lateral and top views of the brain showing the dynamic sequence of temporal changes in

gray matter volume over the cortical surface. The images represent modeled data from 52 anatomical MRI scans from 13 individuals 4–21 years of age,

each scanned four times at approximately 2-year intervals. Color scale represents gray matter units of volume. Reproduced with permission from Gogtay

et al (2004) (Copyright 2004) National Academy of Sciences, USA.

Normal development of brain circuits

GZ Tau and BS Peterson
...............................................................................................................................................................
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Neuropsychopharmacology REVIEWS
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Amygdala
• EMOTIONAL 
SIGNIFICANCE

(fear and anger)

Hippocampus
• MEMORY:

FACT/EVENT & 
EMOTIONALLY 

SALIENT

Prefrontal 
Cortical Regions

• EXECUTIVE 
FUNCTION

Nucleus 
Accumbens

• REGULATION 
OF MOTIVATION 

& DRIVES
(pleasure)

LIMBIC SYSTEM:
• Smell

• Emotion
• Memory

• Drives
• Autonomic 
(automatic 
function) & 

Neuroendocrine 
(stress response) 

Regulation

Regions of Most Change 

Basal Ganglia
• BEHAVIOR 
INITIATION, 
POSTURAL 
RESPONSE, 

HABITS
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Adolescence: Disproportional Maturation
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Casey, Dev Rev. 2008.

Limbic regions: emotional reactions, social connection

: motivation (sex, drugs, rock ‘n roll)
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Adolescence:
Burgeoning Ability to Pursue Goals
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d‘: capacity to 
discriminate, select, and 
execute correct response

Insel, Nat Comm. 2017.
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Gardner & Steinberg, Dev Psychology, 2005.

Adolescence: 
Reactive to Peer 
Influence
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Adolescents:

• Are in a sensitive & unique developmental stage
• Period of rapid change

• Pruning and refinement

• Cannot always act on their knowledge of risk and reward
• Developmental imbalance between the executive function 

regions and emotionally & socially responsive regions

• Not impulsive, differently-motivated

• Particularly motivated by emotionally-driven priorities and 
social connection
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Adolescent 
Brain 
Development:
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- Life experiences

- Social environment
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- Unique biology

- Neurodevelopment
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“A cell is a machine for 
turning experience into 

biology.”
Steve Cole, quoted in Dobbs, The social life of genes. Pacific 

Standard, 2014.
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Neurodevelopment: Individualized

•Adaptation

• Experience 
independent & 
Experience 
dependent 
processes

• Impacts 
experience
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Adolescent Functional Tasks

• Self-control 
strengthening

• Reflective capacity, 
empathy

• Moral development

• Executive function 
maturation

• Identity formation

• Individuation

• Independence
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The Creation of Crow, Bartow
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Impact of Adversity and Trauma
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“Responsive relationships are 
developmentally expected and biologically 

essential.”
Harvard Center on the Developing Child: Working Paper 12: The Science of Neglect



Impact of Trauma and Adversity
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Andersen & Teicher. Trends in Neurosci, 2008. 
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Impact of Resilience, Post-Traumatic 
Growth, Culture, Connection
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Some Strategies to Support 
Adolescent Brain Development
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Create Connection & Reflection
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Help me 
understand 

you?

What 
are you 
up to?
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• REGULATE
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• RELATE • REASON

Curiosity, connection, collaboration Problem solving
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REGULATE
• Statements, not questions

• Smile. Say, “Hi” or “Nice to see you.”

• Talk with individuals, not groups
• To allow regulation, not separation
• To attend to individual life experiences and skills

• Be clear with your goal: stop behavior or behavior change

• Regulate own emotions first
• Just Breathe video by Bayer Salzman & Salzman

Strike when the iron is cold
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RELATE

• Foster curiosity, connection, collaboration
• Remember what it was like to be an adolescent

• Model authentic connection
• Narrate your experience & expectations

• Reinforce positives
• Effective behaviors and things that are going well
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REASON

• Youth-led problem solving
• Listen, not lecture

• Work with youth’s motivations
• Validate rationale

• Peer teaching and learning
• If supportive and productive
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From the Mad River to the Little Salmon River, or 
The Responsibility of Raising a Child. Bartow
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Thank 
You


