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Developmental disorders: A group of conditions identified in 

childhood that involve serious impairment in different areas 

 

Dyslexia: phonological awareness 

Dyscalculia: number sense  

ADHD: executive functioning  

ASD: social awareness 
 

My research: Cognitive and biological markers; comorbidity 

 

 

 

 

   

• Outline: 

1. Genes, environment (neuroplasticity) and early brain development 

2. Genes, environment and ADHD 

3. New remediation programme 

 

 

 

 



1. DMHDS 
2. ABC Study 
3. Growing Up in NZ (www.growingup.co.nz) 

My background: longitudinal research 

Journal of Learning Disabilities, 26(6), 1993, 417-23. 

http://www.growingup.co.nz/


Modern brain imaging methods 

In the last 20 years, the field of cognitive 
neuroscience has developed non-invasive methods for 
studying healthy human brains in action, in adults and 
now children. 

Electro-
encephalography 
(EEG) Functional 

magnetic 
resonance imaging 
(fMRI) 

http://upload.wikimedia.org/wikipedia/commons/b/bd/Modern_3T_MRI.JPG


fMRI allows us to map increases in oxygenated blood flow  
that accompany local brain activity during mental tasks  

 

My background: brain scanning 

 



• neurogenesis occurs in humans up to 72 years of age  

• stress inhibits neurogenesis 

• environmental enrichment enhances neurogenesis 

 

 

My 1st developmental psychology lectures: 

1. Born with 100 billion brain cells 

2. Following ~ the first 3 years of life the brain was relatively static 

1. Neuroplasticity (gene-environment) 

General introduction 

– The capacity of the brain to rewire through experience 



 

 
Gabel et al. (2010), Neurobiology of 
disease 

Birth 6 yrs 14 yrs 

• Brain cells make connections (dendrites, synapses), then prune 

those which are not used. This process continues into adulthood 

 

 

 

 

1. Neuroplasticity 
Progressive synapse elimination: 



– Can be negative  

• Vulnerable to damage  

• Antenatal maternal perceived stress, smoking 

• Gene x environment  

 

 

1. Neuroplasticity 
Responsiveness to experiences: 



– Can be negative:  

• Vulnerable to damage  

• Antenatal maternal perceived stress, smoking 

• Gene x environment  

– Can be positive: 

• Aids in recovery from brain damage/injury (e.g., hemispherectomy) 

 

1. Neuroplasticity 
Responsiveness to experiences: 



– Can be negative:  

• Vulnerable to damage  

• Antenatal maternal perceived stress, smoking 

• Gene x environment  

– Can be positive: 

• Aids in recovery from brain damage/injury (e.g., hemispherectomy) 

• Can benefit from stimulation (e.g., playing a musical 
instrument; learning a new language; cognitive intervention) 

 

 

1. Neuroplasticity 
Responsiveness to experiences: 



• Right motor cortex in musicians is 

expanded in size 

• The earlier they started learning – 

the bigger! 

 

 

 

 

Amunts et al. (1997), Human Brain Mapping  

1. Neuroplasticity 
Playing a musical instrument: 



1. Neuroplasticity 
Learning a new language: 



– Can be negative:  

• Vulnerable to damage  

• Antenatal maternal perceived stress, smoking 

• Gene x environment  

– Can be positive 

• Aids in recovery from brain damage/injury (e.g., hemispherectomy) 

• Can benefit from stimulation (e.g., playing a musical 
instrument; learning a new language; cognitive intervention) 

• Can compensate when areas are not functioning optimally 

Bottom line: Allows for adaptability 

 

1. Neuroplasticity 
Responsiveness to experiences: 



Frontal lobe under-activity  

• Reduced size / density (MRI) 

• Decreased blood flow (activation) during executive 

tasks (PET, fMRI)  

 

 

 

 

2. Neuroplasticity and ADHD 
ADHD and the frontal lobe: 



A. Normal readers  B. Dyslexic adults 
             
 

Due to a genetic impairment in neurotransmitter metabolism 

2. Neuroplasticity 
ADHD and the frontal lobe: 



Executive functions: 

• Planning 

• Inhibition 

• Response selection 

• Top-down allocation 
of attention 

• Regulation of emotion 

• Working memory 

 

2. Neuroplasticity 
ADHD and the frontal lobe: 



Frontal lobe under-activity  

– Frontal cortex has the most connections 

– Fronto-striatal pathway inadequate in ADHD 

 

 = Inattention and failure  

to inhibit motor responses 

 

2. Neuroplasticity 
ADHD and the frontal lobe: 



• These areas under-active because of neurotransmitter 

depletion (faulty metabolism of dopamine and/or 

norephinephrine at the synapse)  

= poor transmission of neural impulses in fronto-striatal pathway  

 

Challenge: non-pharmaceutical intervention to normalize the 

frontal lobe (see: http://movincog.org/) 

 

2. Neuroplasticity 
ADHD and the frontal lobe: 



Long-term safety? 

Medicine must have the following 

characteristics: 

1. Has been used for a long time 

2. Many individuals have taken it for extended 

periods of time 

3. Has a high public profile  

4. Individuals who take it are regularly 

examined 

See: Long-term stimulant treatment of ADHD: results from a 

population-based study. Journal of Developmental & Behavioral 

Pediatrics, 2006, 27, 1-17.  
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Treatment with Ritalin reduces substance abuse  

in ADHD (from Biederman, et al., Pediatrics, 1999) 



20% completely outgrow ADHD after ~ 18 years of age  

•  80% will not: 60% mild residual, 20% severe residual 

When children with ADHD grow up:

Mild Residual (60%)

Severe Residual (20%)

No residual (20%)

Impossible to complete projects, procrastination, ‘tune out’, difficult to relax, 

frustration, organization, addiction, verbal impulsivity, spend $, poor memory, risks…  

Why? 

2. Neuroplasticity 
ADHD and developmental course: 



Risk Factors 

If genetic susceptibility:  

• Low birth weight, Adverse environment,  

• Smoking/alcohol during pregnancy 

• Stress during pregnancy 

Genetic Defects 

Concordance rates: if one identical twin has it, the other will too: 

Ranges from 70-90% 

• ADHD genes are common in the general population. When genes 

from both parents combine – additive effect to cause condition 



Some examples of other “ADHD genes” 

Gene 

• Dopamine transporter gene 

(DAT1 gene*) 

• Dopamine receptor D4 gene 

(DRD4 gene*) 

 

• Dopamine beta-hydroxylase 

 

• DOPA decardoxylase gene 

 

• Adrenergic 2A receptor gene 

Effect of the gene 

• Excessive re-absorption of 

dopamine by nerve 

 

• Blunted response to dopamine by 

receptor (“novelty-seeking gene”) 

 

• Decreased dopamine synthesis 

 

• Reduced amount of dopamine 

stored in vesicles 

 

• Blunted response to 

norepinephrine by receptor 

*most studied; DRD4 is longer than normal 



Comorbidity 

• The tendency of a condition to co-exist with another 

• From med term “morbidity”: the proportion of people having a 

particularly disorder (vs. mortality) 

Conditions that are more common in ADHD 
• Tic disorder  
• Dyslexia 
• Asperger syndrome  
• Depression  
• Anxiety disorder  
• Obsessive compulsive disorder 
• Bipolar disorder 
• Oppositional disorder  
• Conduct disorder 



Severity of defiant behaviour 

Oppositional disorder (20-25%) 

• Milder form of conduct disorder 

• 25% w ADHD “Jekyll and Hyde” – every discussion is an 

argument. Time out? Destroy possessions 

Conduct Disorder (7%) 

• problems attract a greater degree of social disapproval – often 

results in law-breaking 



Country Prevalence Age 

NZ 7% 11 

USA 8% 6-9 

Canada 6% 4-16 

Puerto Rico 9% 4-16 

UK 5% 6-8 

Hong Kong 9% 7 

“passionate, deviant, spiteful, 
and lacking inhibitory volition” 

Has become the most studied developmental disorder in childhood 





Developing critical consumers 

– Community outreach from Centre for Brain Research 

– More neuroscience / psychology in teacher training 

– Debunking neuromyths 

 

Next steps: 

• Understanding the limits of plasticity 

– Earlier instruction/intervention more effective? 

– Our new remediation programme 

 

 

 

Summary 



movincog.org 

• 4-year goal: Designing, testing and implementing a program that 

is: Evidence-based, free of charge, offered to anyone who needs it 

http://movincog.org
http://movincog.org


2015 

Too few individuals have access to the cognitive remediation  

programs they need (financial costs, limited evidence) 

 



Cerebral Space 

Physical Space 

High Intensity (HIT), video-based exercise. Classroom-

friendly, Standardized 

Short-term: Priming children for learning; Long-term: 

Increase neurogenesis 

• Key idea: adaptive training. Software adapts to core deficits by 

allocating more time to tasks where performance is lower. Allows 

combining domain-general training (needed for everyone) and 

domain-specific (impaired in a particular learning disorder) 



Three key points 

1. The brain is “plastic” – it can change in response to experience, 
stimulation and training. 

2. Science has shown that the ADHD brain is often lacking typical 
chemical and neurological functioning in the frontal cortex (and 
projections to the motor and mood areas of the brain). Genes and 
environment both contribute to the likelihood of ADHD. 

3. The next step is to provide kids with a new cognitive training 
programme that will be used in schools and will be freely 
available. 

 

 

Conclusions 
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