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03-078

Experience and Brain Development

Stimuli in early life switch on genetic 
pathways that differentiate neuron function 
– critical and sensitive periods.

From studies in humans, monkeys and rats

Stimuli affect the formation of the 
connections (synapses) among the billions 
of neurons (sensitive periods).
The brain pathways that affect literacy, 
behaviour, and health form early.



03-012 Synaptic Density

Rethinking the Brain, Families and Work Institute, Rima Shore, 1997.

At Birth 6 Years Old 14 Years Old



0 1 4 8 12 16

AGE 

Human Brain Development –
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C
on

c e
pt

io
n

01-003



Limbic HPA Pathway - Stress

Cortisol – Over Production
Behaviour, depression, type II diabetes,  
malnutrition, cardiovascular disease, memory, 
immune system, drug and alcohol addiction

Cortisol – Under Production

Chronic fatigue syndrome, fibromyalgia, immune 
system (autoimmune disorders) rheumatoid 
arthritis, allergies, asthma

05-212



The Myth of the Bell Curve

Genetics

Nature versus nurture

Genotype

Phenotype - Epigenetics



04-144

Epigenetics and Brain Plasticity

Experience and methylation of DNA

Imprints environmental experiences 
on the fixed genome

Maternal behaviour affects DNA 
methylation

Can be transmitted to offspring



Epigenetics

According to Dr. Szyf, 
epigenetic modifications in 
response to maternal care 
occur early after birth – critical 
period.  The effects are stable 
and persist into adulthood.

The Economist, p. 89, Sept 23, 2006
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Serotonin Transporter Gene
Experience in Early Life - Depression

Age 26

No Abuse Moderate Abuse Severe Abuse

.30

.50

.70

A. Caspi, Science, 18 July 2003, Vol 301.
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Early Childhood



02-011

Martin Teicher
Scientific American, 2002

“The aftermath … [of poor early child 
development] can appear as depression,
anxiety, suicidal thoughts or post-
traumatic stress – or as aggression,
impulsiveness, delinquency, hyper-
activity or substance abuse.”

Behaviour



Early Child Development and Language

Starts early – first 12 months

Sets capability for mastering 
multiple languages

Sets literacy and language trajectory
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Document Literacy
1994 – 1998, Ages 16 to 65

Level 1 and 2     Level 4 and 5
Sweden
Canada
Australia
United States
Chile

23%
42%
43%
48%
85%

34.0%
23.0%
17.0%
18.0%
3.0%

Mexico 84% 1.7%
OECD



Socioeconomic Gradients for 
Document Literacy Scores

OECD, 2000
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Literacy Levels by Physical, Mental or Other 
Health Conditions – USA (Quantitative)

0

10

20

30

40

50

60

1 2 3 4 5

Pe
rc

en
t

Level NALS, p. 44, 2002

Health Problems

Mental or Emotional 
Problems

Long-term Illness

05-173



Percentages of Adults in Poverty, 
by Literacy Level – USA (Prose)
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Public expenditures for children 0-17 years of 
age, Sweden 1995, by age of child
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Success by Ten
Early Child Development

Intervene early

Intervene often

Intervene effectively

06-001

Ludwig and Sawhill, 
Brookings Institution



Percentage of Children in Kindergarten Scoring
in Bottom 10% by District - Vancouver

EDI, February 2000
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AEDI - SA
District % Vulnerable on One

or More Domains

Cooper Pedy 29.4
Leigh Creek 42.1
Port Augusta 43.1
Roxby Downs 15.6
Whyalla 27.4       

AEDI  S.Australia
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Heckman - Education

• Schools contribute little to test score 
gaps among children.

• Later schooling has little effect in 
reducing the gaps that appear early.

• Criminal rehabilitation and adult literacy 
programs have limited effect.
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02-056

Policies to Foster Human Capital

"We cannot afford to postpone investing in 
children until they become adults nor can we 
wait until they reach school - a time when it 
may be too late to intervene."

Heckman, J., 2001
(Nobel Prize Economics, 2000)
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The principle of free education for
school-age children is already entrenched
throughout the rich world; there would be
nothing incongruous about extending it
further down the age range.

The Economist, pg 16, July 18, 1998
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Experience and Brain Development

Stimuli in early life switch on genetic 
pathways that differentiate neuron function 
– critical and sensitive periods.

From studies in humans, monkeys and rats

Stimuli affect the formation of the 
connections (synapses) among the billions 
of neurons (sensitive periods).
The brain pathways that affect literacy, 
behaviour, and health form early.
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Epigenetics and Brain Plasticity

Experience and methylation of DNA

Imprints environmental experiences 
on the fixed genome

Maternal behaviour affects DNA 
methylation

Can be transmitted to offspring
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According to Dr. Szyf, 
epigenetic modifications in 
response to maternal care 
occur early after birth – critical 
period.  The effects are stable 
and persist into adulthood.

The Economist, p. 89, Sept 23, 2006
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Public expenditures for children 0-17 years of 
age, Sweden 1995, by age of child
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Heckman - Education

• Schools contribute little to test score 
gaps among children.

• Later schooling has little effect in 
reducing the gaps that appear early.

• Criminal rehabilitation and adult literacy 
programs have limited effect.
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Policies to Foster Human Capital

"We cannot afford to postpone investing in 
children until they become adults nor can we 
wait until they reach school - a time when it 
may be too late to intervene."

Heckman, J., 2001
(Nobel Prize Economics, 2000)
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Experience and Brain Development

Stimuli in early life switch on genetic 
pathways that differentiate neuron function 
– critical and sensitive periods.

From studies in humans, monkeys and rats

Stimuli affect the formation of the 
connections (synapses) among the billions 
of neurons (sensitive periods).
The brain pathways that affect literacy, 
behaviour, and health form early.
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Experience and methylation of DNA

Imprints environmental experiences 
on the fixed genome

Maternal behaviour affects DNA 
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Can be transmitted to offspring
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According to Dr. Szyf, 
epigenetic modifications in 
response to maternal care 
occur early after birth – critical 
period.  The effects are stable 
and persist into adulthood.
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Public expenditures for children 0-17 years of 
age, Sweden 1995, by age of child
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Success by Ten
Early Child Development

Intervene early

Intervene often

Intervene effectively

06-001

Ludwig and Sawhill, 
Brookings Institution



Percentage of Children in Kindergarten Scoring
in Bottom 10% by District - Vancouver

EDI, February 2000
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AEDI - SA
District % Vulnerable on One

or More Domains

Cooper Pedy 29.4
Leigh Creek 42.1
Port Augusta 43.1
Roxby Downs 15.6
Whyalla 27.4       

AEDI  S.Australia
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Heckman - Education

• Schools contribute little to test score 
gaps among children.

• Later schooling has little effect in 
reducing the gaps that appear early.

• Criminal rehabilitation and adult literacy 
programs have limited effect.
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Policies to Foster Human Capital

"We cannot afford to postpone investing in 
children until they become adults nor can we 
wait until they reach school - a time when it 
may be too late to intervene."

Heckman, J., 2001
(Nobel Prize Economics, 2000)
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Investment Across all Ages
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The principle of free education for
school-age children is already entrenched
throughout the rich world; there would be
nothing incongruous about extending it
further down the age range.

The Economist, pg 16, July 18, 1998
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01-002 The Growth of the World Population and 
Some Major Events in the History of Technology

Robert W. Fogel. “Economic Growth, Population Theory, and Physiology, April 1994
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The Economist

The Search for Talent

Why It’s Getting Harder to Find

The Economist, October 7, 2006
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Talent Clusters

Technology hubs

Idyllic settings

Quality university cities

Family supporting communities
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What do we know? 
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Health
Learning
Behaviour

Experience-Based Brain Development in 
the early years of life sets neurological 
and biological pathways that affect 
throughout life:



SIGNAL-
SENDING 
NEURON

RECIPIENT 
NEURON

Synapse

Dendrite

Axon

Two Neurons
04-039



03-078

Experience and Brain Development

Stimuli in early life switch on genetic 
pathways that differentiate neuron function 
– critical and sensitive periods.

From studies in humans, monkeys and rats

Stimuli affect the formation of the 
connections (synapses) among the billions 
of neurons (sensitive periods).
The brain pathways that affect literacy, 
behaviour, and health form early.



03-012 Synaptic Density

Rethinking the Brain, Families and Work Institute, Rima Shore, 1997.

At Birth 6 Years Old 14 Years Old
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Human Brain Development –
Synapse Formation
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C. Nelson, in From Neurons to Neighborhoods, 2000.

C
on

c e
pt

io
n

01-003



Limbic HPA Pathway - Stress

Cortisol – Over Production
Behaviour, depression, type II diabetes,  
malnutrition, cardiovascular disease, memory, 
immune system, drug and alcohol addiction

Cortisol – Under Production

Chronic fatigue syndrome, fibromyalgia, immune 
system (autoimmune disorders) rheumatoid 
arthritis, allergies, asthma
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The Myth of the Bell Curve

Genetics

Nature versus nurture

Genotype

Phenotype - Epigenetics
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Epigenetics and Brain Plasticity

Experience and methylation of DNA

Imprints environmental experiences 
on the fixed genome

Maternal behaviour affects DNA 
methylation

Can be transmitted to offspring



Epigenetics

According to Dr. Szyf, 
epigenetic modifications in 
response to maternal care 
occur early after birth – critical 
period.  The effects are stable 
and persist into adulthood.

The Economist, p. 89, Sept 23, 2006
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Serotonin Transporter Gene
Experience in Early Life - Depression

Age 26

No Abuse Moderate Abuse Severe Abuse

.30

.50

.70

A. Caspi, Science, 18 July 2003, Vol 301.

Depression 
Risk

LL

SS

SL

S = Short Allele 
L = Long Allele

Early Childhood
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Martin Teicher
Scientific American, 2002

“The aftermath … [of poor early child 
development] can appear as depression,
anxiety, suicidal thoughts or post-
traumatic stress – or as aggression,
impulsiveness, delinquency, hyper-
activity or substance abuse.”

Behaviour



Early Child Development and Language

Starts early – first 12 months

Sets capability for mastering 
multiple languages

Sets literacy and language trajectory

04-200



02-061

Document Literacy
1994 – 1998, Ages 16 to 65

Level 1 and 2     Level 4 and 5
Sweden
Canada
Australia
United States
Chile

23%
42%
43%
48%
85%

34.0%
23.0%
17.0%
18.0%
3.0%

Mexico 84% 1.7%
OECD



Socioeconomic Gradients for 
Document Literacy Scores

OECD, 2000
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Literacy Levels for the Total 
Population – USA
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Literacy Levels by Physical, Mental or Other 
Health Conditions – USA (Quantitative)
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Percentages of Adults in Poverty, 
by Literacy Level – USA (Prose)
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Public expenditures for children 0-17 years of 
age, Sweden 1995, by age of child

06-063

0

40000

80000

120000

160000

200000

0 2 4 6 8 10 12 14 16 18
Year

SE
K

/y
ea

r

Transfers Preschool School Healthcare



Success by Ten
Early Child Development

Intervene early

Intervene often

Intervene effectively

06-001

Ludwig and Sawhill, 
Brookings Institution



Percentage of Children in Kindergarten Scoring
in Bottom 10% by District - Vancouver

EDI, February 2000
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AEDI - SA
District % Vulnerable on One

or More Domains

Cooper Pedy 29.4
Leigh Creek 42.1
Port Augusta 43.1
Roxby Downs 15.6
Whyalla 27.4       

AEDI  S.Australia
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Heckman - Education

• Schools contribute little to test score 
gaps among children.

• Later schooling has little effect in 
reducing the gaps that appear early.

• Criminal rehabilitation and adult literacy 
programs have limited effect.
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Policies to Foster Human Capital

"We cannot afford to postpone investing in 
children until they become adults nor can we 
wait until they reach school - a time when it 
may be too late to intervene."

Heckman, J., 2001
(Nobel Prize Economics, 2000)
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Carneiro, Heckman, Human Capital Policy, 2003
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The principle of free education for
school-age children is already entrenched
throughout the rich world; there would be
nothing incongruous about extending it
further down the age range.

The Economist, pg 16, July 18, 1998
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